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ADVERTISEMENT. 


The  Tery  considerable  increase  in  the  size  of  this  work, 
caused  by  the  olaborate  revision  of  Mr.  Watts,  has  led  U)  its 
division  in  England  into  two  volumes,  -whioh  apijeared  at  an 
lnl4.Tval  of  several  mouths.  In  reprinting  it,  b^'  the  use  of  a 
small  but  exceedingly  clear  type  it  has  been  compressed  into 
OQC  volume,  which,  it  is  hojmd,  will  be  found  not  uuhtind)'  for 
study  and  reference.  While  no  omissions  have  been  made,  the 
American  editor  has  felt  that  the  enlargement  of  tiic  work  has 
ren^lcred  it  adnsable  for  him  to  confine  liis  additions  to  the 
narrowest  compass.  In  the  portion  devoted  to  Organic  Chem- 
ifttrj',  the  ver3'  recent  revision  by  Mr.  Watts  has  presented  so 
complete  a  view  of  the  most  modem  aspect  of  the  subject  that 
there  has  been  nothing  to  add.  In  the  earlier  portion,  however, 
•ome  few  discoveries,  announced  since  its  publication,  a  year 
ago,  hare  been  introduced.  For  the  convenience  of  students 
who  are  not  familiar  with  the  Decimal  System  of  weights  and 
measnrcs,  and  the  Centigrade  thermometer,  the  corresponding 
figures  of  the  standartls  in  popular  use  have  been  introduced 
in  brackets.  This  will  afford  a  mcins  of  comparison,  by  atten- 
tion to  which  the  reader  can  readily  accustom  himself  to  the 
metric  systt-m,  which  is  so  rapidly  suiiersodiug  all  others  in 
scientific  investigation. 

In  ita  enlarge<l  and  improved  shape  it  is  hoped  that  the  work 
will  fully  maintain  its  claim  to  the  favor  whicli  it  has  so  long 
enjoyc<l  :is  a  full  and  intelligible  guide  to  Chemical  Science. 

PiuuutiLruiA,  May,  1ST8. 
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PREFACE. 


The  design  of  this  work  is  to  offer  to  the  student  cotnraenc- 
ing  the  study  of  Cliemistry  aii  outline  of  the  general  principles 
of  that  science,  and  a  hiblory  of  the  more  important  among  the 
Tery  numerous  bodies  which  Chemical  Investigations  have 
nufle  known  to  us.  It  has  no  pretensions  to  be  consideretl  a 
complete  treatise  on  the  subject,  but  is  intended  to  ser\-e  as  an 
intrcMluction  to  the  larger  and  more  comprehensive  sj-slematio 
works  in  our  own  language  and  in  those  of  the  Continent ;  and 
especially  to  prepare  the  student  for  the  perusal  of  original 
memoirs,  which,  in  conjunction  with  practical  instruction  in 
the  Uboratory,  can  alone  ailbrd  a  real  acquaintance  with  the 
spirit  of  research  and  the  resources  of  Chemical  Science. 

The  first  three  editions  were  prepared  by  the  Author,  the 
third  being  nearly  completed  shortl}-  before  his  death  in  Jan- 
uaiy,  1849,  and  published  at  the  beginning  of  the  following 
year,  under  the  alitorship  of  his  friend,  the  late  Dr.  11.  Bence 
Joaca. 

In  the  six  following  editions,  which  were  edited  by  Dr.  Bence 
Jones  and  Dr.  Uofmann,  a  large  amount  of  new  and  important 
matter  was  added;  and  in  the  tenth  edition  (186S),  Ijy  Dr. 
B«nce  Jones  and  the  present  Editor,  it  was  found  necessary,  in 
eonscquenoe  of  the  rapid  advance  of  the  science,  ami  the  great 
changes  which  had  taken  place  in  the  entire  system  of  Chemical 
Philosophy,  to  make  considerable  alterations  and  additions  in 
almost  every  part  of  the  work. 

The  cliapter  on  the  General  Principles  of  Chemical  Philoso- 
|Ay  wa.s  accordingly  re-written ;  considerable  ndditions  were 
roailc  to  the  descriptions  of  the  metals,  esjiecially  those  of  rarer 
occurrence;  and  the  distinguishing  reactions  of  the  several 
luiLuU  were  given  more  fully  than  in  former  editions.  The 
greater  part  of  the   Organic   Chemistry  was  also  re-written, 
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especially  the  sections  relating  to  the  fl3-(lroearbons,  AleolioISf 
and  Acids,  and  the  compounds  beloiigiug  to  each  of  tliese  groups 
were  arranged  in  series. 

In  the  last  edition,  a  considerable  amount  of  new  matter  was 
added,  chiefly  relating  to  Organic  Chemistry;  and  as  these  ad- 
ditions are  continually  increasing,  it  has  been  found  Jiecessary, 
in  the  presi-nt  edition,  to  divide  tlie  work  into  two  volumes, 
the  first  including  Chemical  Physics  and  Inorganic  Chemistr}^ 
and  tiie  secoml  l)cing  devoted  to  Organic  Cliemistry. 

The  plan  adopted  by  the  Author,  of  describing  the  non- 
metallic  elements  and  their  compounds  with  one  another,  before 
entering  upon  the  discussion  of  the  general  jirinciples  of  Chem- 
ical Philosophy,  is  retained,  as  the  understanding  of  these 
General  Principles  is  greatly  facijitiiled  by  the  previous  study 
of  a  number  of  special  instances  of  tlu'ir  application ;  but  a 
short  statement  of  the  most  important  Laws  of  Chemical  Com- 
binatioo,  and  of  the  fundameuttJ  princi|)]es  of  the  Atomic 
Theory,  is  given  immediately  after  the  description  of  the  com- 
pounds of  oxygen,  in  order  to  introduce  the  student  as  soon  as 
possible  to  the  expression  of  chemical  combinations  and  reac- 
tions bj'  Symbolic  Notation. 

The  Weights  and  Measures  used  are  those  of  the  French 
Decimal  System.  Temperatures  are  expressed  in  the  Centi- 
grade Scale,  except  where  the  contrary  is  stated.  A  eomjiara- 
tive  Table  of  the  Centigrade  and  Fahrenheit  Scales  is  given  at 
the  end  of  the  first  volume. 

Lu»U0N,  February,  1h77. 


The  division  of  this  Mannnl  into  two  volumes  has  afforded 
the  means  of  treating  the  subject  of  Oroamo  Chemisthy  more 
ftilly  than  was  possible  in  the  jirevious  Editions. 

The  arrangement  adopted  in  the  present  E<Htion  is  the  same 
in  principle  .as  in  the  last,  organic  compounds  l>cing  classified 
according  to  their  chemical  structure  and  functions — as  Hydro- 
carbons, Alcohols,  Ethers,  Acids,  Bases,  etc.,  and  the  compounds 
in  each  group  arranged  in  Homologous  Series, 
r Particular  attention  has  been  given  to  the  study  of  laorne- 
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rism,  especially  amongst  the  Derivatives  of  Benzene,  our 
knowledge  of  the  isomeric  relations  of  these  bodies  having 
lately  attained — through  the  classical  researches  of  Eoerner 
and  other  distinguished  chemists — a  high  degree  of  precision 
and  completeness.  This  part  of  the  subject  is  here  presented 
in  a  form  in  which  it  has  not  yet  appeared  in  any  English  pul>- 
lication,  except  the  ^  Journal  of  the  Chemical  Society." 

The  portion  of  the  previous  Editions  relating  to  Physiologi- 
cal Chemistry — including  the  description  of  the  Tissues  and 
Fluids  of  the  Animal  Body,  and  the  Functions  of  Nutrition 
and  Respiration — is  omitted  in  the  present  Edition,  this  depart- 
ment of  Chemistry  having  now  become  so  extensive  as  to  re- 
quire treatment  in  separate  works. 

HENRY  WATTS. 


September,  1877. 
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INTRODUCTION. 


Taa  Sci«3ic«  of  Chemistry  has  for  its  object  the  stndjr  of  the  nature  and 
jcto(<vrtic4  of  nil  lite  matf^rislu  which  voter  into  the  itiuiposition  or  8trac- 
tur«  u(  the  earth,  thr  sva,  and  tht*  lilr,  and  of  the  vuriouK  orgunixed  or 
Krlng  brlnpi  whivl)  inhabit  them.  Every  object  ucoeAsible  to  man  i8  thus 
Molira^'wl  t<r  th«  wide  drdu  of  Cheniicjil  Soienni'. 

In  iirdiuary  (i.'ieutlflc  Bpovch  the  terni  chnmral  \i  applied  to  changes 
«i.  .innntly  alToet  the  properti«-»  or  charactiirs  4if  bodies,  in  oppo- 

(i:  ,  .-tK   teruied  jiltytktil,  whieli    are  not  attended  by  sucli  oouse- 

■IwnuM.  Changes  of  (1<-ix>nipu(sitiuii  ur  cuuibiliatiou  are  thii!)  easily  dls- 
Ull(1l{«Iu«l  from  Ihi»e  temporarily  brought  about  by  heat,  electricity, 
BugnaUam,  and  tlie  nltrartire  fnrc«».  wliose  laws  and  eOeots  lie  within 
iIm.  i.nivlueo  of  I'hyHca  or  Natural  Philosophy. 

\y  all  ih'  ol>jfil*  presented  by  the  visible  world  are  of  a  componnd 
uaipin-,  being  cheiniial  eonipouuds,  or  variously  dinpoHed  mixtures  of 
diemi<^  0<iiu|Hiund8,  capubl«  of  Iwing  resolved  into  tiinipler  forms  c' 
inatW'r.  Tliua,  a  piece  of  limestone  or  marble,  by  the  application  of  a 
nA  hr*».  I»  dwv.mpoiiwl  iulo  quicklime  and  a  gaseous  botly,  carbon  diox- 
11  ud  carlmn  dioxide  are  in  their  turn  susceptible  of  decom- 

j>-  -n-it  int4i  eak'lum  and  oxygen,  the  latter  into  carbon  and 

gsflCvn.  For  llils  purpose,  however,  simple  heat  does  not  eulBce,  the 
mointion  of  these  substances  into  their  components  demanding  the  excr- 
lUm  of  •  high  degTiM)  of  chemical  energy.  Beyond  this  second  step  of 
dHMOip'nltirai  the  efforts  of  ClmmlBtry  have  hitherto  been  found  to  fail ; 
and  the  three  bodies,  calcium,  carlKin,  and  oxygen,  having  resisted  all 
!ve  them  into  simpler  form!,  of  matter,  are  accordingly 
list  of  rlrmrnts;  not  from  an  absolute  belief  in  their  real 
uDvni«*  >it  nature,  but  fnnn  the  absence  of  any  evidence  that  they  contain 
OKUV  tbsri  -ai.'  .If^eription  of  matter. 

Tl»<'  frndiiw,  at  present  recognised,  are  slxly-four  in  numlier, 

adat^'Mi  ui.,  vl  them  belong  to  the  cJa«5  of  metatt.    Several  o(  tUe«e  aio^ 

a  (26^ 
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of  recent  discovery,  and  are  oa  yet  very  imperfectly  known.  Tlie  distig 
tion  betvreun  metalM  and  non-oietallic  subatunocs,  although  very  oouv 
uient  for  pur|MMt>s  of  description,  is  entirely  arliitrary,  since  the  ttl 
cla.sse8  graduate  into  each  otlier  iu  Uie  imwt  eoiuplete  manner. 

The  names  of  the  eleraenti!  are  given  iu  the  fullowiiig  table.     Oppoail 
to  them  in  llie  third   column  are  jdaced  certain  nuuibera,  which  expra 
the  proportions  in  which  they  comhine  together,  or  simple  multiples  of  tha 
pmportiooti ;  tliesu  numbers,  for  reasons  which  will  be  afterwards  explains 
are  uallod  Atomic   or   Indivisible  Weights.     In  the  second  column 
are  placed  symbols  by  which  these  weights  are  denoted ;   these  syml 
are  formed  of  the  first  letters  of  the  Latin  names  of  the  elements,  a  i 
letter  being  added  when  the  names  of  two  or  more  elements  begin  with  I 
same  letter. 

Tlie  names  of  the  most  important  elements  are  distinguished  by  1 
largt«8t  and  most  conspicuous  type ;   those  next  in  importance,  by  an 
capitals ;  while  the  names  of  elements  which  are  of  rare  occurrence,  i 
01  which  our  knowledge  is  »till  imperfect,  are  printed  in  the  ordir 
type.     The  names  with  an  asterisk  are  those  of  Non-metallic  Elementi 
the  others  are  names  of  Metnls. 

It  must  bo  distinctly  understood  that  the  atomic  or  combining  weigh 
assigned  to  the  elements  are  merely  relative.     The  number  1  as8igne<l 
hydrogen  may  represent  a  grain,  ounce,  pound,  gram,  kilogram,  etc., 
the  numlicrs  assigned  to  the  other  elements  will  then  represent  so 
grains,  ounces,  pounds,  grams,  kilograms,  etc.     Hydrogen  is  taken  as  ti 
unit  of  the  scale,  iH'causo  its  combining  weight  is  smaller  than  that  of  any 
other  element;  but  this   is  merely  a  matter  of  convenience;  in  the  olde 
tables  of  atomic  weights  that  of  oxygen  was  assumed  as  100,  that  of  carta 
being  then  75,  that  of  hydrogen  G.25,  etc.  etc. 
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Tamls  or  KLOtsiiTAiiT  BopiM,  wim  tbeib  Stiibuu  ahd  Atoxic  Wbiobts. 


1                 Kms. 

Sfiubal. 

Atomla 

Name. 

Symbol. 

Atomla 

P       _ 

Weljtit. 

Weight. 

MIWIXTM 

Al 

27.4 

MoljrUleuuui 

Mo 

»ti 

1  ^^uijjum) 

gl. 

122 

NU'KKI, 

Ni 

S8.8 

As 

75 

Niobium 

Nb 

04 

•t 

Ba 

137 

ITITROOBIT* 

N 

14 

'<im 

B« 

».4 

Oaiiiiiiiu 

Ob 

1119.2 

•1 

Hi 

210 

OXYOEN* 

O 

16 

• 

B 

11 

IVAT.i.Ar'MM 

pa 

lOC.O 

asoMINB* 

Br 

t>li 

PHOSPHORUS* 

P 

31 

1   ■   1  Min 

ca 

112 

PliATINOM 

I't 

1^7.4 

-       I'M 

C« 

133 

POTASSIUM 

CALCrOM 

C« 

40 

(Kiilj(iiii) 

K 

39.1 

CARBON* 

C 

12 

Rli  odium 

Rh 

1W.4 

'    ■ 

Ce 

92 

Kubidinni 

Rb 

C.'..4 

■   '-'  ORINB- 

CI 

35.5 

liutlii-niuiu 

Ku 

11)4.4 

w 

Cr 

52.2 

tN'IrUJUIK* 

s<. 

79.4 

Co 

68.S    BILICIUM* 

Si 

28 

COPPER   (Ca- 

SILVER  (Argen- 

:  ■'  iiu 

Cii 

63.4 

III  III) 

■*e 

lOS 

:IIU 

D 

95 

SODIUM   (Na- 

K 

lb-8.9 

trium) 

Ns 

23 

OEUNB* 

F 

19 

Stki.>tii  >e 

Sr 

87.8 

, 

Gs 

88? 

SUI.PHUR* 

S 

32 

'.  11  ni  III ) 

Au 

197 

Tantalum 

Tft 

i»a 

nOOBN* 

U 

1 

Telliirium* 

Tr 

128 

In 

113.4 

Thallium 

Tl 

2(14 

NB* 

1 

127 

Tliiirinum 

Til 

235 

Ir 

198 

TIN  (ytniinum) 

Sn 

118 

rani) 

Fe 

58 

Titanium 

Tl 

SO 

U 

93.6 

TisiiBTEH,  or  Wolf- 

L    tiBAD  ci^lumbom) 

I'b 

207 

ram 

W 

1R4 

1     Uthlaog 

Li 

7 

l'RAMt7K 

u 

24(1 

1      K<.i»r«irn 

Mg 

U 

V.iiiaclitim 

V 

51.2 

1      MANOANBSB 

ib 

65 

Yuriiim 

Y 

92 

WrRCDRT  (H^- 

ZINC 

Zn 

65.2 

<  1  JUl) 

Hg 

200       Zircon  iiim 

Zr 

89.6 

I 


Bjr  die  oombinalion  of  the  elements  in  r nrinaii  proportions,  anil  in  p'oups 

•f  two,  thrr<>,  or  Urgi-r  nunilM<r!>.  all  known  romi>ound  liodiffl  are  produced. 

.Ami  SiT'  It  i«  lm|x)rlttiil  to  state  clrarly  tho  characters  which  ilistinguish 

.it)inatlon  from  mechanical  mixture,  and  from  that  kind 

ii  Rives  rise  to  (h»<  -loliition  of  a  *olid  in  a  liquid.     Bodir» 

lie  luJXMl  tojjetliKr  in  any  proportion  whatever,  the  mixture  always 

RbiliHinic  proiH-rtiefi  intermediate  between  those  of  its  comttituentB,  and  in 

iTfitlar  (rrailalimt,  a<"«»rding  to  the  quantity  of  each  that  may  »>«•  present, 

:  1  the  fuKinn  together  of  metals  to  form  alloys,  in  tho  mix- 

iiteohol,  of  alcohol  with  ether,  and  of  different  oils  one  with 

•Omi.     a  «»1«I  iwiK  ninjr  a/no  bi>  ilunolved  in  a  liquid — sail  or  *\H!,« 
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in  waUr,  for  exanipk- — in  aii^r  proportion  ap  to  a  certain  limit,  the  golat 
likewigu  exhibiting  a  regular  gradation  of  physical  properties,  auoordii 
to  till'  qu.'intity  of  the  suli<l  taken  up.     But  a  true  vlu-uiiral  i'oni])<iuu(l  i 
hibjUi  prupfrtieii  tutally  <lilIvrL-ut  from  those  of  either  of  its  cunetituc-ul  i 
nientii,  and  tli«  proportion  of  tliniu  cou;>titueuta  which  form  that  partirul 
compound  admits  of  no  variation  whatever.     Water,  for  example,  is  con 
pcKteil  of  two  elements,  o.\jgen  and  hydrogen,  which,  when  Keparnted  : 
one  another,  appear  as  colorless  gaaes,  differing  widely  in  their  proportii 
one  from  th«  other,  and  from  watur  in  tho  gtato  of  vapor ;  moreover,  wa 
whether  obtaiuud  from  natural  »ouro<!»,  or  formed  by  direct  combinatio 
of  its  elcment.1,  always  contains  in  100  parts  by  weight,  88.9  parts  of  oxy- 
gen and  11.1  of  hydrogen.     Common  salt,  to  take  another  example,  is 
LSjmpound  of  chlorine  and  sodium,  the  formiT  of  which,  in  the  separs 
8tat<^,  is  a  yellow  gas,  the  Utter  a  yellowish-white  highly  lustrous  metal, 
capable  of  burning  in  the  air,  and  decomposing  water ;    moriKiver,   from 
whatever  part  of  tlie  world  the  salt  may  hv  obtaininl,  100  parts  of  it  in- 
variably contain  3S.G  parts  of  sodium  and  G(i.4  parts  of  chlorine.    Furtho^ 
when  two  or  more  compounds  ore  formed  of  the  game  elements,  thero  is  l 
grailual  blending  of  one  into  the  other,  as  in  the  case  of  mixtures,  b^ 
each  wmpound  is  sharply  defined,  and  separated,  as  it  were,  from  tU 
others  by  an  impassable  gnlf,  exhibiting  properties  distinct  from  tho8«  I 
the  others,  and  of  the  elements  themselves  in  the  separate  state.     Tl>« 
there  are  two  oom|Miunds  of  varbon  and  oxygen,  one  of  whiih,  eoutainiil 
3  parts  by  weight  of  carljon  with  4  of  oxygen,  is  an  inflammable  gas,  light 
than  atM>osp)i<^ric  air,  and  not  nl>sorbed  by  solution  of  potai<h  ;  while  ihe 
other,  which  contains  3  parts  of  carlxm  and  S  of  oxygen,  is  non-inflanuuabla 
heavier  than  air,  and  easily  absorbed  by  potash. 


Before  proceeding  with  the  special  description  of  the  several  el« 
aiid  their  compounds,  it  will  h(>  convenient  to  give  a  short  sketch  of  cwti 
branches  of  Physical  Science,  as  the  physical  constitution  of  Gases,  , 
the  chief  phenomena  of  Heat,  Light,  and  Klectricity,  the  partial  i 
which  forms  indeed  au  indispensable  Introiluctiou  to  Chemistry. 
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OP  DENSITY  AND  SPECIFIC  GRATITY. 


Tt  b  of  i:r>-.-i  I  inipartance  »l  the  ouUct  to  understand  clearly  what  ia  mai 

■ty  and  tfiteijic  gracilu.     liy  the  drunity  of  a  bodi/  ig  meant 


Vylh. 
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••I'  uiatlrr,  (x>uipare(I  with  th«  ninss  or  quantity  of  luait'.'r 
iiK-  Htaudard  botly,  arbitrarily  chosen.    Speri/ic  grarity 
l¥>dy,  a.-i  TOinpurml  with  the  weight  of  an  ecjual  bnlk, 
lird  Uxly,  which  is  reckoned  a-M  unity.*    In  nil  eiisi-s 
.11  ittandard  of  unity  adopU-d  in  this  country  la  pure 
.lure  of  1.').5-' C.  (OU^  Kalir.).     Anything  else  might 
I ;  there  ia  nothiug  in  water  to  render  ita  adoption  for  the 
indiapeusablo  :  it  is  simply  t.iken  for  the  sake  of  eon- 
t,  b>ing  always  at  band,  and  easily  obtained  in  a  state  of  ]H*rf<<ct 
fUBtJ.     An  nrdiuary  exprensinn  of  specilie  weight,  therefore,  is  a  numlier 
^^B^i  uiouy  time«  the  weight  of  an  ec^nal  bulk  of  water  is  con- 

^^^B  !.'ht  of  the  sulistance  spoken  of.     If,  for  example,  we  say 

^^^Bi  ■■(  vitriol  has  a  speeiliu  gravity  equal  Xti  1.8S,  or  that 

^^^■11  has  a  density  of  0.794  at  15. ij^  C,  we  mean  that 

^^^■1) itro  li(|uid9  and  of  <listille<l  water  possess  weights  in 

^^H^rtioD  ot  the  numbers  l.HS,  0.7'.)4,  and  1  ;  or  185U,  7y4,  and  UHXi. 

^^^fn -^.-. xiy  to  be  particular  about  the  temperature,  for,  as  will  bo  here- 

H^^'  :  'is  are  extremely  expansible  by  heat ;  otherwise  a  constant 

HftDl  '  liquid  will  not  retain  a  coni>taut  weight.     It  will  be  pro- 

p»  to  l- iiii  with  the  dtoeription  of  the  mixlo  in  which  the  specific  gravity 

•(lifli>4«  IK  determined  :   this  is  the  simplest  cose,  and  the  one  which  best 

Utaitrklai  ibe  general  principle. 

To  tiul  th«  specilic  gravity  of  any  particular  liquid  oomparinl  with  that 

jteMir,  it  is  only  requisite  to  weigh  equal  bulks  at  the  standard  tempera- 

^^Htad  then  divide  the  weight  of  the  liquid  by  the  weight  of  the  water  ; 

^^^^Mic-nt  will  be  greater  or  letts  than  unity,  as  the  liquid  experimented 

^^^P^earixr  or  lighter  than  water.     Now,  to  weigh  e<|ual  bulks  of  two 

^^^Btbe  simplest  and  best  method  is  clearly  to  weigh  tliera  in  sncoession 

^nSa  aatoo  Vessel,  taking  care  that  it  is  equally  full  on  both  occasions. 

A  tUin  gl«n  Iwttle,  or  flask,  with  a  narrow  neck,  is  procured,  of  the  form 

NMiaiiuUi]  on  tlie  next  page  (fig.  1),  and  of  such  capacity  as  to  contain, 

•km  AM  to  ahriut  half-way  np  the  neck,  exactly  loi'O  grains  of  distilhtl 

^taut  15. .V-  C.      K  counterpoise  of  the  exact  weight  of  the  empty  bottle 

^^Hvfnnu*  bltoflirass,  an  ol.l  weight,  or  something  of  the  kind,  and  care- 

B^ijiwtcd  by  fliing.    The  bottle  is  then  graduated,  by  introducing  water 

B  ••  rtfcrr  wnnli,  rten»tty  in»«in  ofimpi«r«llvc  Mo«f,  and  ipedflp  gmrlty  com- 
B»ilVf«a«<tM     These  exprenlon»,  slttiouih  renlly  relntlnif  to  dlatincl  Ihlnci, 
^V  oRm  owd  onite  Imliirerenllf  In  clicmleiil  wrltlmrn,  and  without  prsotloal 
HMftalCB**,  (looa  mitai  and  weight  arc  directly  proportlonsl  to  enrh  other, 
^^^^k  ( ^ ) 


I 
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at  15.5'^,  until  it  exactly  balances  the  llKKt-grain  weight  and  oountM^I 
in  thuOppoBile  sualu  ;  the  hi-ight  at  which  lht>  wat<T  stands  in  the  neck 
marked  by  a  scrntcli,  and  the  instruniiMit  is  complete  for  ime.  The  Uqa 
to  he  <'X!iiiuniHl  is  brought  to  the  temperature  of  Ib.b-^,  and  with  it  the  Ii4 
tie  is  flllcd  up  to  the  mark  liefore  meuli'ineil ;  it  is  then  weighCTl,  the  c4>iiiit 
poiiie  beiug  usimI  as  before,  and  the  speoiiic  gravity  directly  asi.VTl«iueil, 
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A  watery  liquid  in  a  narrow  glass  tnbe  always  presents  a  curved  giir 
from  the  molecular  action  of  the  glass,  the  concavity  being  upwards.  It] 
better,  on  this  account,  in  graduating  the  Imttle,  to  make  two  scratches,  I 
representeii  in  the  figure,  one  at  the  top  and  the  other  at  the  Iwttom  of  I 
curve.  The  marks  are  easily  made  by  a  fine,  sharp,  triangular  file,  ' 
hard  point  of  which,  also,  it  may  be  observed,  answers  perfectly  well  I 
writing  n|)on  glaiis,  in  the  aliseuce  of  a  diamond  pencil. 

It  will  be  quite  obvious  that  the  adoption  of  a  flask  holding  exactly  10 
grains  of  water  has  no  other  object  than  to  save  the  trouble  of  a  very  triflili 
calculation  ;  any  other  quantity  would  answer  just  as  well,  and.  In  f 
the  experimental  chemist  is  ofteu  com]>elled  to  use  a  bottle  of  muob  Sn 
dimensions,  from  scarcity  of  the  liquid  to  in*  examined. 

When  the  spt-cific  pr-ivity  of  a  liquid  is  to  be  determine<l  with  great  «o 
racr,  a  ease  which  frequentlv  occurs  in  chemical  inquiries,  a  little  gU 
bottle  is  used,  of  the  form  shown  in  fig.  2.  This  bottle  is  provid.-d  withj 
perfnraled  conical  gla.ss  stopper,  most  nciMirntely  fitted  by  grinding, 
iviuipletelv  filling  the  Imltle  with  liquid,  and  carefully  removing  the  pO 
tion  of  liijuid  which  is  displaced  when  the  stop])er  is  inserted,  an  unalta 
able  measure  Is  oV>tained.  The  least  possible  quantity  of  grca.se  applied  I 
the  stopper  greatly  promotes  the  exact  fitting. 

When  the  chemist  has  only  a  very  small  quantity  of  a  fluid  at  his  dll 
posal,  and  wishes  not  to  Inge  it,  the  little  glaas  vessel  (flg.  3)  is  partioa> 
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'•  U  fnrmeii  by  blowing  a  bulb  on  a  ".'lawi  lube.  Flir.  3. 

r  iht'  tube  which  is  narrowed  i)y  druwirig  the 

mil    It  flup  Bcrateli  is  made  witli  a  diainimii. 

to  tliis  mark  with  tb(>  liquid  whilst  it 

•  iiipiTaturi-  of  which  is  Bxactly  known. 

I  IK  oswl  fcir  filling'  the  bulb,  th«<  Btcin  of  tli« 

V  n  -iiit  «•  u»  to  nntcr  the  tub«>,  aiid  tho  upjwr 

-  small  fnongh  to  Ih?  dosed  by  tho 

-  only  wonted  a»  a  guard,  and  do«H 

'  '.*  • 

I  tho  spwiflc  gravity  of  a  solid  body  i.s 

-;imt>  priticiplcs,  and  may  be  pt-rforuu-d 

srrairity  bottlo  (fig.  2).     The  liottli'  is  first 

<  lU-T :  tht>  solid  a  then  placed  in  tho  sami-  pun 

jiod  its  wnight  i»  df^rmine<l ;  tinally,  the  solid 

tiuf  bottle,  ilisplaoin);  an  equal  bulk  of  water,  the 

■      ■    'f  delenuiueil  by  the  loss  on  again  weighing. 

nf  the  Bolid  and  that  of  au  equal   bulk  of 

....K^.ikisi.     The  former  divided  by  tku  latter  gives  the  speuifio 


For 
Gib.  , 


the  weight  of  a  small  piec«  of  silver  wire 


In 


ued  with  water 


08.18  grains, 
294.  (J9      " 


iflxr  an  xqaal  volume  of  water  was  displaced  by  the 
ulter,  the  weight  was 383.54 


9.33 
10..^23 


»  Ui«  displaced  water  weighed         .... 

I  tU»  tho  ip«oiflo  gravity  of  the  silver  wire  )  98.18 

J1»T33~ 

kar  ki^bly  ingenious,  but  less  exact  method  of  det«rnuning   the 
'  (MTUy  of  solids,  is  based  on  the  well-known  tboorem  of  Arohi- 


IWl  thcomn  may  he  thus  expressed  : — 
"~       a  solid  is  immersed  in  a  fluid,  it   loses  a 
on  of  it<t  weight ;   and  tlii<>  jxirtion  is  equal 
be  weight  of  the  flaid  which  it  displau-s; 
(hat  ia,  to  tho  weight  of  its  own  balk  of  that 
tmd. 

K  tl  •"•♦▼  t<»  sire  experimental  proof  of  this  very 
H^VT  .  iiion,  as  well  as  to  establish   it  by 

masi  I  •'  4  repnaents  a  little  ap|iaratna  for 

iivlUnie'T'  jmrixme.  This  «msi»ts  of  a  thin  cylinilri- 
ti  i«Mci  of  bra»,  into  the  interior  of  which  fltH  very 
(■tmifii'  •  ...H.(  rylinder  of  the  same  metal,  thus 
txartli  When   the  cylinder  is  susjieniled 

..■t,  as  sfcn  in  the  sketch,  the  whole 
tile  hrui  of  0  balance  and  counteriKiisifl, 
[»»•  erlMider  i«elf  immersed  in  water,  it  will 
I  to  1  '  certain  v/eight ;  and  that  this 

B-  lo  the  weight  of  an  equal  bnlk 

nav  III.  II  lie  proved  by  filling  the  bucket  to 
lber<>n|)on  the  e<juililiriDlii  will  be  restored, 
{■ration  of  U»e  great  hydrostatic  law  of 
I  ratfiy  i>rorm  the  truth  of  the  pr/aoiple 


Fig.  4. 
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Fig.  0. 


laid  down.  Let  tho  reader  figure  to  himself  a  vnase]  of  wntor,  hav 
immerged  in  it  a  solid  oylimlrieal  or  ri'Ctaiit;iilar  IkkIv,  and  so  adjiisb 
witli  ri-Hp(<('t  to  dfiLsily,  tliat  ii  slivll  doat  ind 
ferently  in  any  part  ln-ncath  tin?  surface  (fig.  5). 
Now  thu  law  of  fluid  |ir<-»sure  is  to  this  hIIWI  : 
The  pnwauri'  uxcrlwi  by  a  Uuid  on  any  |>«int  ( 
thu  (loutaining  vessel,  or  on  any  point  of  a  liody  im- 
mersed beneath  its  surface,  is  dep<>ndi>nt,  firstly, 
upon  the  density  of  the  fluid,  and,  seoondly,  u|m>u 
t)u>  vertical  depth  of  the  point  in  question  In-low  thir 
surface.  It  is  indv]>endent  of  the  form  and  lat4'ral 
dimensions  of  the  vessel  or  immersed  body.  More- 
over, owing  to  the  peculiar  physical  constitution  of 
fluids,  fhia  pressure  is  exerted  in  every  dirtn'tion, 
upwards,  downwards,  and  laterally,  with  eijual  force. 
The  Uoaling  twdy  is  in  a  state  of  eijuilibrium; 
therefore  tho  pressure  downwarils  caused  by  its  gravitation  must  ba 
exactly  compensated  by  the  upward  transmitted  pnmsuro  of  the  wilui 
of  water,  a,  l>.  But  this  pn^ssure  downwarils  is  obviously  o<iual  to 
weight  of  an  equal  quantity  of  water,  since  the  body  of  necessity  displ 
its  own  bulk.  Hence,  the  weight  which  a  Imly  loses  when  iiumerHcd  in, 
or  floateil  on  watifr,  is  equal  to  the  weight  of  the  volume  of  water 
placnl  by  that  Ijoily. 

Whatever  Ix-  tho  density  of  the  sulatance,  it  will  he  hnoyed  up  to  U 
amount;  iu  tlie  case  supposed,  the  buoyancy  is  i-qual  to  the  whole  wei{ 
of  tlie  Iwdy,  which  is  thus,  wliile  in  the  water, 
diiced  t<i  nothing. 

A  little  reflection  will  show  that  the  same  reasoi 
may  lie  appliwl  to  a  Uxly  of  irregular  form  ;  beaidoa, 
solid  of  any  figure  may  l«i  liiviiled   by  the  imaginatii 
into   a  multitude  of    little    perpendicular    prisms 
cylinders,  to  each  of  which   the  argument  may  Ix'  ap- 
pliifl.     What  is  true  of  each  individually  must  neces; 
sarily  be  true  of  the  whole  together 

This  is  the  fundamiMital  principle;  its  application 
made  iu  the  following  manner  :  Let  it  be  required, 
exaiiijile,  to  know  the  specific  gravity  of  a  Ixxly  of 
treuii'ty  irregular  form,  as  a  small  group  of  rock  cry 
t»ls  :  the  flrnt  )>nrt  of  the  operatiim  wnsists  in  dc 
mining  its  alwolute  weight,  or,  more  correctly  speaking? 
its  weight  in  air  ;  it  is  next  »u9]>ended  from  the  balance- 
pan  hy  a  fine  horsehair,  immersed  completely  in  pure 
water  at  15. 5'^,  and  again  weighed.  It  now  weighs  less, 
the  dilTerence  being  the  weight  of  the  water  it  dis- 
places, that  is,  the  weight  of  an  equal  bulk.  This 
Innng  known,  nothing  more  is  required  than  to  find, 
by  division,  how  many  times  the  latter  numlwr  is  contained  in  tho  former ; 
the  quotient  will  be  the  density,  water  at  the  temperature  of  15.5'-  bein;; 
taken  =  1.     For  example  ; — 

Tho  quarti-crystals  weigh  in  air 393.7  gT* 

When  Immersed  in  wat^r,  they  weigh         .        .        .        .180.1 

DtlTorenco,  being  the  weight  of  an  equal  volume  of  water  .     113.6 

293.7 


ap- 

inr^B 


113.fi 


1 2.59,  the  specific  gravity  required;. 
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is  gon«r»Jl.r  tlias  vritten  :    "Divide  the  w..iplit  in  air  by  th«fl 
iriplit   in  wai.T,  nii,l    tho  quotient  will    In-   tin.  sj^cifio  griivity.''H 

^I't  in  air  wliich  is  nijuired,  but  ^| 

Iba  «c«(l»t  I                                hMve  in  i<tuply  sputw :    thi-  error  Fig.  T.  H 

tmtninima.                     ,,    .4.-igbt  of  an  miaul  bulk  of  air,  ia  ^^  H 

■>  lrtlU(>(g  1 1                    uttUy  urgli-ct«i.  jl  H 

>  to  I).'  cxiuuitKHl  is  lis;btfr  tbsn  water,  ^\  ^^ 

in  thui  raae,  it  in  first  Wfight-.l,  and  aftfrwnrdii  tcl~\, 

to  ft  |ii»v  of  ai><tal  heavy  entiugh  to  sink  it,  and  ^^^ 

from   the   balauue.     Thu  wbol.-   is  tlit-n  oxactly  |  ^| 

•^ibad.  iiiixufre«<i  to  wat<T,  and  again  weighed.     The  dif-  I  ^M 

•■■c' the   two  Wi'ighiugs   gives  th»  weight  of  a  I  ^| 

Mail                       r    wjual   in    bulk   to   b<ith   together.     The  I  ^| 

%IM  j..    ,:. IS  then  iletachetl,  and  the  tiame  0|>eration  ^3K?t  ^^ 

rf  veigtillig   in   air,  and   again    iu  waU-r,   repe.ite<l   on    the  >S5iA 

p^m  of  loaKAl.     These  data  give  the  means  of  finding  the  ^^^  i 

fnwity,  aa  will   be  at  odoh  seen  by  the  following  fl 

Ugiit  •■(•Unce  (»  pieoe  of  wax)  weighs  in  air        .         .     13.3,7  grains,   j, 

ISarlifld  lo  a  pi*<<e  of  brass,  the  whole  now  weighs  183.7      "         ^| 

laBKnted  In  water,  the  iiysteui  weighs  3S.8      "         H 

Weight  of  witter  equal  in  bulk  to  brass  and  wax  144.!)      "         fl 

Waifht  of  brass  in  air     ....,.,       ,'>ii.O  ^| 

Wpgbt  <rf  hraas  in  water 44,4  ^| 

Weifiit  of  eqaal  bnlk  v(  water g,tj      "Z^^^l 

Balk  ef  Wkter  e<iQal  to  wax  and  brass     ....     144.H      "'^^^1 
|Mk  if  V»t«ir  equal  to  brass  alone Ti.tj  V 

BBaif  wat«r  equal  to  wax  alone 13y  3      ■'         B 

^^^^^^ft  oxporiments,  it  is  necjissarv  to  pay  attention  to  the  tempo-  V 

^^^HiParity  of  the  wat^r,  and  to  remove  with  great  eare  all  adhering  H 

^^^BBm;*  otherwise,  a  false  resnlt  will  Ik*  obtaiue<l.  H 

^^W  irui-n  require  mention  in  which   these  operntiona  mnst  be  modifled  H 

^^Bl                   .r  diffieulties.     fjne  of  tlu^e  happens  when  the  substanee  H 

^^V'                    '"d   ujmn  by  water.     The  difficulty  is  easily  overivime  by  H 

^^v                           '1  liquid  of  known  density  which  experienee  shows  is  H 

^^■t                               ijiil  or  nil  of  turpentine  may  generally  l>e  liHid  when  H 

^^■^^^u....     .""  .      Supprwe,  for  instance,  the  spe<'ific  gravity  of  erys-  H 

^^^^Hfe^  is  reqniretl,  we  procited  in  the  following  way :   The  specifiii  H 

^^^^Huie    oil  of    tur)M-ntine   is  tirst  carefnlly  determined ;    let   it   Iwt  ■ 

^^Ft*                   i^  next  weigbetl  in  the  air,  then  snKj>ended  by  a  horse-  H 

^|fei                    I  in  the  oil ;  the  difference  is  the  weight  of  an  e<inftl  bulk  ■ 

*  A  uapl*  p|*n  of  nvolillni;  xllotrrlhcr  the  iiithef  ion  of  ulrhuhhlei,  which  oricn  H 

MM*  MMlt  iwrrrlveil.  cnnilstii  \n  hmUng  the  wntrr  to  eliullition,  liilrnilurinx  ■ 

ktkmlf  whtfh  li«>  tiren  welched  In  the  air  Into  the  atlll  Imlllni;  wotcr,  which  !•  ■ 

M  tUDwcd  to  cool  to  15  6°,  when  the  tecond  welKhlng  In  perrormett  ■ 
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of  the  Utter ;    a  simple  calculation  gives  the  weight  of  •  oorrespos 
volume  of  water  : — 

Woigbt  of  sugar  in  iiir 4»K'     grain*. 

Weight  of  sugar  in  oil  of  turpentine    .         .         .     IHa.S       " 

Weight  of  equal  bulk  of  oil  of  turpentine        .     217.5       " 
87  :  100  =  217.5  :  2:)0, 

the  weight  of  an  equal  bulk  of  water ;   hence  Uio  sptniiJlo  gravity  of 
•ugar— 

250  =  ^-''- 

If  the  8u)>stance  to  be  exnmiiieil  ix)iisi.4ts  nf  Kmall  pieces,  or  of  powdi 
the  method  tirst  described,  namely,  thai  uf  the  i>i>ecUiL'  gruvily  bottle,  i 
alone  In;  uited. 

My  this  method  the  specific  gravities  of  metals  in  powder,  metallic  ox 
anrl  iilliur  compounds,  ami  salts  uf  all   dt«oripti<jiis,  may  be  detoru 
with  great  ea.se.     Oil  of  turpentine  may  be  usi^l  with  miwt  soluble  sail 
The   crystals   shoubt    be    crushed   or  roughly  jtowderud,  to   avoid    err 
arising  from  cavities  in  their  sulMtano-. 

The  speuilit.'  gravity  of  a  solid  can  also  be  readily  found  by  immersing  J 
in  u  truuspareut  liquid,  the  density  of  which  has  been  so  a<ljuiite<l  that  I" 
solid  liody  remains  indilferently  at  whatever  depth  it  may  Ik-  placed, 
speciflc  gravity  of  the  liquid  must  now  bo  determined,  and  it  will,  of  vttu 
be  the  same  as  that  of  the  solid.      It  is  necessary  that  the  liquid  chosen  I 
this  experiment  do  not  dissolve  or  in  any  way  act  upon  the  solid.     Sol) 
tious  of  mercuric   nitrite,  or  corrosive   sublimate,  can  be  used  for 
heavier  than  water,  whilst  cert.iin   oils,   and    essences,  and    mixtnres 
alcohol  and  water,  can  be  conveniently  employed  for  such  suljstancea 
have  a  lower  apwiflo  gravity  than  wat«'r.     This  method  is  not  only  adapfa 
to  the  exact  determination  of  spuoiUc  graviti(<s,  but  also  servi^,  in 
oases,  as  a  mctus  of  readily  distinguisliiog  sulistances   much  resembtll 
one  another.     .Supimse,  for  instance,  a  solution  of  mercurir  nitrate  to  Imva 
a  sp.-cMflc  gravity  3;  a  red  amethyst  (2.(>7)   will   then  tloat  upon,  and  • 
topox  uf  the  same  color  (3.55)  will  sink  in  this  liquid. 

HifiiromeUrt. — The  theorem  of  Archimedes  affords  the  key  to  the  penen 
doctrine  of  the  injuilibrium  of  floating  lK«lies,  of  which   an  application 
mode  in  the  common  hydrometer, — an  instrument  for  finding  the  specU 
gravities  of  li(iuids  in  u  very  easy  and  expiMlitious  manner.* 

When  a  solid  l>ody  is  placed   ujwm  the  surface  of  a  liquid  spedfinally 

•  The  romic  ofilrternilnlpg  the  •pecitlc  irrnvltjr  of  s  liquid  by  mpani 
of  «  »iill<l  hii)  l>reii  nmllteil  In  the  test.  It  resultn  from  the  (heorem 
of  AichlmeOrii,  thut  if  uny  •olid  lie  Idimeriipd  In  w^tcrsnil  then  In  iiny 
other  llquM,  the  lo«  of  weight  >u>t*lnetl  in  esch  raw  Hill  Rive  the 
rrlntive  wclRhli  uf  i.iiu«l  bulk*  of  the  llquiilii,  snd  on  illviillni!  the 
welRht  of  the  linuhl  hy  the  woii^hl  of  the  wnter,  the  quotient  will  be 
the  iiiecitlo  itrarllv  of  the  llqul.l  experlnifnted  on.  For  luitlnnpe,  let  « 
lilece  of  glial  rod  he  lunpended  from  the  bi>li>nocpi>n  «nd  ennolly 
oounterpolned,  then  lrainer»c  it  in  wntcr  and  restore  the  equipoise  liy 
weii;hti  »dded  to  the  pnn  to  whirh  the  gluaii  i»  nuxpeoded,  the  nmoiint 
will  icive  the  loii  of  weli;ht  hy  immoralon  or  the  welcht  of  n  hulk  of 
water  equsl  to  Ihit  of  the  ro<l.  Now  wipe  the  bIi>»«  dry,  «nd  havlni; 
removed  the  nddlllonol  wrlghti,  Immerie  It  In  the  other  liquid,  and 
restore  the  eqiilpoiai-  aa  before;  thia  latter  wi-lehl  la  the  (vi-litht  nl  n 
hulk  of  the  liquid  equal  to  that  of  the  water.  The  latter  divided  by  the 
foruer  gUea  the  apeelBe  cravity.     Kor  example  :— 

The  fclaaa  ro*!  loaea  by  Immeriion  In  water  ,    171  gralna. 

The  glui  rod  Inaei  by  immeriion  In  alcohol  .143 

Ui 
jfl  —  »M,  the  titee\nf  gr.irlty  required.— R.H. 
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its«ir,  it  sinks  ilnwn  until  it  <lisplac'<.<s  n  quantity  of  liquid 

>  ila  own  wrijjht,  »t  wliioh  point  it  tioata.     Thus,  iii  thi<  cjisc  of  a 

MlMaS'       "  '    '     whrwe  specific  wi-iglil  is  iim'-half  tliat  of  titu 

lifBid,  t  Irium  will  involve  thi-  imuieniinn 

'    -  -  -  ly,  inanujiK'h  an  its  wlaole  weiplit 

•  i_v  (if  watur  iH|aal  tit  half  its  vol- 

i_         re  jiut  into  u  liquid  of  one-half 

y  iif  water,  if  such  i«ul(l  l»e  fiiunil,  it  w<iul<l 

!i   the  »urt»c«,  lUid  remain  iudlflerentl.v  in 

b;  part.     .V   Hunting   Iwdy  of  known  sjwcifio  jtravity  may 

Hm  W  tM^I    as   au   inilieator  of  the  Kpeeilic  gravity  ol   a 

I^bM.     Ib  lhi»  niauuer  little  glass  tiea/ds  (lig.  SI;  of  known 

IfmitK  grxritita  ar<?  tuiuietimcs  employed  in  the  arts  tooHcer- 

Ha  la  •  rtl'l"  ".'■ni'.-i-   il>-  «!..-.  jlir  (gravity  of  liquids;   the 

^lk*l  llwi  111  the  surfftee,  without  either  Kinkinf;  or 

laia;,  has  ••>  -  ^    .  iflc  gravity  aa  the  liquid  itself;  this  ia 

out    tfjr    ths  number   luarked    upon    the 

Fig.  10. 

7)m  hyilrometcT  (fig.  10)  in  general  use  consists 

tiasting  Ttassel  of  thin  metal  or  gloxs,  having'  a 

•Offtll  hoinBth  to  maintain  It  in  an  upright  iNKti- 

,kad  «  tttstn  ahove   bearing  a  dividitl  giali-. 

of  tke   instrnmuut   ia  very  simple.     The 

tl<|aU  to  t<r  iiit^l  ia  put  into  a  small  narrow  jar, 

ItialT uiueut  ttuated   in   it.     It  is  obvious 

the  liquid,  the   higher  will    the 

.  beejiuse  a  tmaller  displacement 

iterbalanoe  its  weight.     For  the 

.    liquid  of  l<«s  density,  it  sinks 

i.injetcr  Fomes  to  rest  almost  iiii- 

II  the  mark  on  the  stem  at  the 

read  off. 

use  is  made  of  instruments  of 

art* :  they  sometimes  liear  difl'er- 

ling  to  the    kind  of  liquid    for 

nd«d  ;   but  the  principle  is  the 

:,'in  is  very  oomuiouly 

■^Mrarjr,  two  oi  rent  scales  being  unfortunately  used.     Th<>8e 

Mjr  be  (oow^inKw  khix^i.  however,  to  the  true  numhetv  expressing  the 

tfiiette.  fpmvtty  hy  tbe  aid  of  tables  of  comparison  drawn  up  for  the  pur- 

ii»»-     (  •^«.  Aei'Mxnix.)     Tables  are  liki^wise  used  to  rinluee  the  readings 

si  any  temp^Tature  to  those  of  the  normal  temperature. 

r,  however,  to  use  a  hydrometer  having  the  true  scale 

^  marked  upon  its  stem.     To  graduate  such  iin  instru- 

nnml>er  of  standard  jwiuts  may  be  deieriiiined   by  im- 

liquid*  of  known  sjiecific  gravity,  and  the  small  intervals 

iniintH  rlivided  into  e<iual  parts.* 

•  ■n  of  the  spei'ific  gravity  of  gases  and  vapors  of  volatile 

ill  i.f  very  great  praclicjil  imix>rtanoe  to  the  chemist :  the 

i    is  MS  simple  as  when  liquids  themselves  are  con- 

—  H  are  much  more  delicate,  and  involve  lH<sidea  c>er- 

Im<   diirerencesi  of  temperature  and  pressure,  founde<i  on 

>  hv  diHcusstjd.     It  will  l)e  proper  to  defer  the  consideration 

1  for  the  prenent. 

'<te  method  of  dlTldtni;  tbc  hydrometer  «e«le  when  only  »  few 
Tied  by  netit^i  iihufrrfttlnn,  mfe  the  nrlirtn  •*  Kfdromeler/'  by 
I    Wmtla'M  Oiv^tonitry  o/ Ctiemitlry,  voi.  iii.  p.  lOu. 


THE  PHYSICAL  CONSTITUTION  OF  THE  ATMOj 
PHERE  AND  OF  GASES  IN  GENERAL. 


It  ri-quirea  Homo  littlt*  nbatraction  of  mind  to  realiie  oompletvly  the  i 
dition  in  wliich   all    thiitfrs  nt  the  iturfaoe  of  the  earth  exiht.     \V><  live 
the  bottom  of  an  iiunieusc  ocean  of  ganeouB  matter,  whicli  envelo]»s  e\e 
thing,  and  pre(i»««  ujkim  everytliing  witli  a  forw  which  appears,  at 
HJght,  perfectly  incredihle,  but  wliinie  actual  amount  ailmits  of  easy  pr 

(iravity  being,  90  far  as  is  known,  eoninion  to  all  mutter,  it  is  natural! 
(•xpevt  that  gaHes,  lieing  mati.>rial  sulnntano^,  t<houhl  In'  aeted  n)Kin  by  ' 
carth'ti  attraetiiin,  an  well  lus  solids  ond  liquids.     This  is  really  the 
and    tho    result    is   the  weight    or    pressure  of  the    atmosphere,  whio 
nothing  luore  than  the  effeet  of  tlie  attrai'tion  of  the  earth  ou  the  partid 
of  air. 

Before  describing  the  leading  phenomena  of  the  atmoepheric  pressor 
is  newjssary  to  notice  one  vi>ry  reniarkalde  feature  in  the  physienl  con 
tation  of  gaiies,  upon  which  depends  the  principle  of  the  air-]>ump. 

Oases  are  in  the  highest   degree  elastic;   the  volume  or  lipace  nhinti 
gas  ocvapios  dejiends  upon  tlie  pressure  exertinl  ii|«in  it.     Let  the  rti 
imagine  a  cylinder,  a,  closed  at  the  )K.>ltom,| 
Fig.  11.  which  moves  a  piston  air-tight,  so  that  no  i' 

n  can  escape  Iwtween  the  piston  and  the  (^yliud4( 

11  Suppose  now  the  piston  Im-  pressed  dowuwan 

I  with  a  certain  force ;  the  air  Umealli  it ' 

I  n  Ik- conipresse<i  into  a  smaller  liulk,  the  amoo 

I  of  this    (-ompression    depending  on  the    fol 

i\      I      n  n  0         applied;  if  the  power  be  sutficlenl,  the  bttH 

■imilllll  i>f   tile  gas  may  he   thus  dinunish<-d  to  one- 

HHHU  hundredth  part  or  less.     Wlien  the  pre.-.nure 

^^^^  is  reniovwi,  the  el.isticity  or  tnmlun,  as  it  is 

calle<I,  of  the  included  air  or  gas,  will  imme- 
diately foro*  up  tho  piston  antil  it  arrives  at 
its  first  ])Osition. 

.Again,  take  Fig.  11,6,  and  suppose  the  piston 
to  stand  alxiut  the  middle  of  the  cylinder, 
having  air  iH-neath  in  its  usual  state.  If  the 
piston  lie  now  drawn  upwanls,  the  air  b<Oow 
will  expand,  so  as  to  till  completely  the  in- 
creased space,  and  this  to  an  apparently  un- 
limited extent.  A  volume  of  air  which,  under  ordinary  circumstamivs, 
occupies  the  bulk  of  a  cubic  inch,  might,  by  the  removal  of  tho  pressure 
upon  it,  be  made  to  expand  to  the  capacity  of  a  whole  mom,  while  a 
renewal  of  the  former  presstire  would  l>e  attended  by  a  shrinking  down 
the  air  to  its  former  bulk.  The  smallest  portion  of  gas  intrinluci'*!  into 
large  exhausti-d  vessel  In'comi'S  at  once  ditfused  through  the  whole  ep.ii 
an  equal  quantity  Vicing  present  in  every  part ;  the  vessel  is  full,  although 
the  gas  is  in  a  state  of  extreme  tennity.  This  power  of  expansion  which 
air  possesses  may  have,  and  probably  has,  in  reality,  a  limit ;  but  the 
limit  is  never  reacheii  in  practice.  Wc  are  quite  safe  in  the  assnmptioii 
that,  for  all   purposes  of  experiment,  however  refined,  air   is   perfo: 

(36) 
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■tt»]  (o  aMign  •  nuuton  (nr  tliia  indafinit«  expAiuibilitjr  by  aiicrtbing 

■■''■•"'''    ••>••■•■■  -     ■  'tftto,  *»i-lf-ri'j>iiljiiv»  I 

ii  ill   ilii^  iriuniicr : 

:i'-'  of  which  tcniia  to 

tlie  oUii.*r  tu  8i.-]iiiral<-  thi'ui.     iSy  tho  prejionili'- 

pt;  '  -<e  fonx-8,  Tr«  liave  tho  tlirtw  stat«)  viillv/l  nuIIiI, 

0Ui>.      \S'iieu  the  partidud  of  mutter,  iu  cun6<.'qui-iice  of  tbo  i 

Htrfiigth  of  tlivir  luiitufil  atiriu-iiniis,  jxifesias  only  >  very 

notion,   «  eoliil        '  'U  ;    when   thf   fnrow  »r« 

_         have  a  liq^  -  of  wiiiih  in  Ih.'  inirrior 

'  ''-  •  '■•  '■■■■1  -    I""  ._.;.  c-xtent,  are  heW  togflher  ; 

-i  to  Ik  completely  overcome  by 

ftmtts  arn  appln-d  tn  these  lorces,  and  various  idras  untertaiiKvl 
}»Ma  •  the  attractive  forces  l>car  the  name  of  cohesion  when 
t«d  between  particlm  of  matter  se]>arntM  by  an  immeagiiralily 
1,  ami  gravitation  when  the  distAiice  is  great.  The  repul- 
I  to  b«  identical  with  the  primiple  of  heal.  We  nhall 
I  tn  dlsrMwtiing  Uie  dyiiamiuitl  tht-ory  of  heat. 

. — The  ordinary  air-pump,  shown  in   section  in  fig.   12, 
lUally  of  B  metallin  cylinder,  in  which  moves  a  tightly-fitting 
aid  of  its  nxl.     The  bottom  of  the  cylinder  cvmmunJcates 
^  Bill   Ui  be  exhantted,  and   i»   furnished  with  a  valve  opening 
A  aimilnr  valve,  also  opening  upwards,  is  fitted  to  the  piston  ; 
Ivm  arc  made  with  slips  of  oiU>d  silk.     When  the  pston  is  raised 

Fig.  U. 


I  Hittrmi  of  the  cylinder,  the  spaiv  left  beneath  it  moat  be  void  of 

Mn-valve  opens  only  in  one  direction  ;  the  air  within  tho 

n  thni   xide  nothing  to  op|>o«e  its  elastic  power  but  the 

til  lifts  the  latter,  and  escapes  into  the  cylinder. 

to  dtsn'nd,  the  lower  v.ilve  closes,  by  its  own 

IranxiiiitliNl   from  almve.  and   cnmniunicntion 

.As  the  deeceni  of  the  piston  i-oHtiniii"*,  (he 

,, ,  l>eeomee  compressed,  its  olastioily  i»  increaseA, 

I W  Mnin  open  the  upper  raire,  sod  cscapoa  into  thei  alTOOtt'^ 
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phere.  In  this  manner,  a  cylinder  fntl  of  air  ia  removed  from  the  reoelj 
at  every  stroke  of  the  pump.  0uring  the  descent  of  the  piston,  the  upp 
valve  remains  open,  and  the  lower  closed,  and  the  reverse  during  the  i 
site  movement. 

In  practiw,  it  is  very  convenient  U)  have  two  iraoh  barrels  or  cylinda 
arranjfed  side  by  side,  the  piston-nxk  of  which  are  formed  into  r»  ' 
having  a  pinion  or  small-toothed  wheel  between  them,  move<l  by  a  wind 


Fl(.  IS. 


Fig.  U. 


By  this  contrivance  the  oper.ition  of  exlinastion  is  mncli 
facilitated,  and  the  labor  lefsened.  The  arrangement  is 
(hown  in  fig.  1,3. 

AtmoBpberlo  Fiessure — The  Barometer. — Air   has 

weight ;  a  liylit  tliu-sk  or  glnln'  of  gliina,  furiiishisl  with  a  stop- 
cock and  exhausliMl  l>y  the  air-pump,  wi-iglia  considerably 
less  llian  when  full  of  air.  If  the  capaiity  of  the  vessel  he 
equal  to  100  cubic  inches,  the  difference  may  amount  to 
nearly  30  grains. 

After  what  has  been  said  on  the  subject  of  fluid  pressure, 
it  will  scarci'ly  be  neovesary  to  observe  that  the  law  of  e<iuality  of  presanll 
in  all  directions  also  holds  good  in  the  ca»e  of  the  atmosphere.     The  \ 
feet  mobility  of  the  particles  of  air  permits  the  transmiii&ion  of  the  fop 
generated  by  their  pravity.     The  sides  and  bottom  of  an  exhausted  ve 
are  pressed  ujMin  with  as  much  force  as  the  top. 

If  a  gl.iss  fuW-  of  considernble  length  conlil  be  perfectly  exhausted  ( 
air,  and  then  li<*M  in  an  npri;?ht  position,  with  one  of  its  ends  dipping  iiit 
a  vessel  of  liiinid,  the  l.itt'T.  on  beins  allowed  access  to  the  tuU>,  would 
rise  in  its  interior  until  Ibe  weiubt  of  the  column  balanced  the  pressure  of 
the  air  npon  tlie  surface  of  the  liquid.  Now,  if  the  density  of  this  liqnid 
were  known,  and  the  height  and  area  of  the  column  measured,  means 
wonld  be  furnished  for  exactly  <>stimRt)ng  the  amount  of  pressure  cxerti 
Ar  tAe  atmosphere.     Such  an  instrument  is  the  barometer.     To  coustru 
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«(  mercury 


i;ht  glut*  tiili«,  36  inoliM  lung,  is  senlird  hy  the  blowpi|H>  diunn  at 

ll    *     •> M;«1  with   cliioii,  liry   unTfiiry,  rjui'   Im-iii;;  lak>n   In 

i«Il  ,  till- iijiiMj  KUil  «tiii»j»<l  willi  .1  liii^- r,  tiwl  llw  liilw 

•  ri'ury.     On  ri'iuoviiij;  tli--  fiuKc-r,  tliv  mi.ri.urv  foils 

the  ftp  uf  till*  tubr,  until  it  stojidit  ut  thi?  h<-iglit  <if  about  30 

tlif  Invi'l  fif  thnt  in  tlie  bMia.      H>,ti>  it  ri-tuaiiu  aupporttui  by, 

ric  iiruuure,  the  space  Above  the  mercury  in 

uipty. 

'  is  thus  seen  to  lie  capable  of  sustaining 
u   hfiKht,  or  th>:rt'aliout8.     Now  ouch  a 
•"    >•■•:••   ".<<  ■■•■■  ....  Ji,  wcij;bs  l«!lwi'>fn  14  and  15  lbs.;  oonsp- 

■ant  nf  the  prussiiri'  ••xi'rt<><l  n\if\ti  •■very  aqliari; 
'  ti,  and  of  the  obji*tn  iituat>>d  tlieroon.  at  least 
the  levL'l  uf  tlie  sea.  This  enormous  force  is  borne  without  inwn- 
oce  by  the  animal  frame,  by  reason  of  its  perfect  uniformity  in  everjr 
lion :  and  it  may  1k>  doubbvl,  or  even  tripled,  without  injurj. 
laronu'ter  may  be  oonstniotod 

olIiMC    li>iuids   besides  nier-  Fig.  i(. 

,   but,   as  the  height  of  tlie 

,1.   r,,M>i   .lu-iys  bear  an  in- 

•  the  density  of 

iijfth  of  tabc  ro- 

^'  uflon  coasiderablo ; 

I  water  it  will  exivwd 

1,   ll  is  srldom  that  any  other 

1  than  mxri'Ury  is  employed 

fi      —   "■   !i  of  this  iustru- 
Sooiety  of  Lon- 
.    .  A  Iter  barometer 
•vir  apartments  at  Somerset 
■•.      Its'  .:r,iis!nirtion  was  at- 
iilties,  and 
to  keep  it 

rtmi/iJ't  Air- I^uap.  ^It  an 
lie  made  in  the  top  of 
et#r  tulj*  the  mercury 
and  draw  in  air :  and 
Hriment  be  so  arranged 
How  air  to  enter  along 
'til*  nierenry,  and  the  sup- 
tt  air  is  limiteai,  while  that 
It  M«roury  is  unllmite<l.  the 
rill  b«  r.arri<«l  away  and 
llQe<l.  On  this 
rcnRel  has  eon- 
lus  by  which  a 
I  exhauiiliuu  way  Ini 
(IIk.  15)  is  a  gl.-iss 
tiisn  a  biiri'meter, 
ih  end».  and  eonneoted, 


I 


Iier  tlllMll|j, 
with  iwt- 

|.,T,.I 


B 


lliv  it/WBt  pud  ol  tJi" 
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tube  cd  SK  into  the  flask  B,  wkicU  bos  a  spout  at  ita  side,  a  Uttt«  higl 
than  Ibe  loirer  vud  of  the  tubv  «/;  the  upper  part  of  thin  tab« 
hmiich  at  I,  to  which  a  receiver  K  van  Ih-  tightly  tixe<l.  When  th« 
at  ('  is  op>;iie<l,  tiir  Or.<it  {>ortioji  of  mercury  that  rung  out  clos<« 
and  pruvuiit»  air  from  t-iitc-ring  bvlow.  As  tlio  mtircury  in  alluwwl 
diiwu,  thK  exUaustiou  IjeginH,  and  the  wbola  length  of  the  tulm  fi 
ia  QIImI  vrith  oyliuders  of  air  and  mrrcury  having  a  downward 
Air  and  mercury  eacajie  through  thv  spout  of  th>'  bulb  H,  bvlo* 
is  placed  a  basiu  H  to  reo^iire  thv  mercury;  and  this  mi-roory  ia 
back  from  time  to  time  into  the  funnel  A,  to  be  reposiied  tbrougil 
tube  till  the  eziiauiition  is  ooiiiplete.  As  this  point  ib  approaoliMl, 
inolwed  air  between  the  men-ury  cylinders  l»  «••••« 
diminish,  until  (he  lower  part  of  »/ forms  a  ooutln 
column  of  mercury  aliout  3U  inches  high.  Thw  o 
tion  is  wiuiplule  when  the  column  of  mef'  t 
free  from  nir,  and  a  drop  of  mercury  falls  ■ 

it  without    inclosing  the  smalli^t  air-l<u 

height  of  the  Mdiiuin  is  then  equal  to  that  ol  tlir<  mer 
cury  in   the   li.irometer  ;    in   other  wonln.   th"  n|.[.ii 
ratus  is  a  barometer  wlii»e  vacuum  is  the  rcc«i 
It  may  be  advantageously  combined  with  an  ex : 
ing  syringe,  which  removes  the  greater  part  of  the 
the  exhaustion  Inking  then  oompletcl  as  nlmve. 


Fig.  16. 


I 


I 
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RelationB  betiveen  Pressare,  Elasticity,  and 
Volume  of  Qaaes.  —  It  will  now  U'  tu.  ,-^,., 
consider  a  must  im|>ortaiit   law    which   • 
volume  occupied    by  a  gas  with    the  pr. 
upon  it,  and  is  thus  expr«-«»e<l  : — 

The  volumu  of  gas  is  inrrrttlit  as  the  pTi«snre ;  ^^^ 
di-nsity  anil  cl.istic  force  are  </irec</y  as  the  preMim^  i 
and  inrfth'-li/  as  the  volume. 

Kor  instance,  100  cubic  inches  of  pas  under  a  pr 
sure  of  SO  inc'bi-8  of   mercury  would  expand   to 
cubic  inclKtH  were   the  jiresHure  reduced  to  on 
and  Hhrink.  on  the  conlr.iry.  to  SO  cubic  inch«| 
original  pressure  were  doubled.     Tlie  chang*  ( 
slty  must  neci-ssarily  be  in  the  inverse  prii|vfirtlm»^ 
that  of  the  volume,  and   the  elastic  force  fi'Mows 
same  rule. 

This,  which  is  ngually  called  the  taw  of  MarlotI 
though   reiilly  dis<f>veri'd   by   Boyle  (16li1>      - 
deni'iiislr.'tble    by  direct    experino'tit.     A 
(tig.  Iti),  about  7  feet  long,  is  cUnn-d  at  >" 
iK-nt   into   the  form  representi'd  in  dp.  16,  tb» 
limb  of  the  iiypbon    iM'itig    the    longer.     It    U 
atlaolied  to  a  lioard   furnished  with  a  nmvabh 
of  inches.  Slut  enough  niercnry  Is  intr<»lnw« 
the  IsMld,  (he  level  iN-ing  evenly  ndjt'  ■  tia 

H|«>n   the  Imard.     Wi-reury  is   now 
tube  until  tb«>  Incif"  ••'    ■■■  ■■■  -    i  •  ■— W 

il>t  former  vojiinie  : 


1  lie  foiiHil 

I     fl  part  of  1 1 

_j»  that  in  i; 

Stf  dOiouAl 


Ib.il    tl,.' 


bulk  of  I. 


"  "  b.'u  cl)ii)kl'^iU'Utly  ri'due 
<1  air  to  one-half.     If  the  ci 
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ment  he  still  oontinned  nntil  theTOlameofair  is  reduced  to  a  third,  it  will 
be  found  that  the  column  measures  60  inches,  and  so  in  like  proportion  as 
br  as  the  experiment  is  carried. 

The  above  instrument  is  better  adapted  for  illustration  of  the  principle 
than  for  famishing  rigorous  proof  of  the  law.  This  has,  however,  been  done. 
MX.  Arago  and  Dulong  published,  in  the  year  1830,  an  account  of  certain 
experiments  made  bjr  them  in  Paris,  in  which  the  law  in  question  had 
been  verified  to  the  extent  of  twenty -seven  atmospheres.  With  rarefied 
ail,  also,  of  whatever  degree  of  rarefaction,  the  law  has  been  found  true. 

AU  gaaes  are  alike  subject  to  this  law,  and  all  vapors  of  volatile  liquids, 
when  remote  from  their  points  of  liquefaction.*  It  is  a  matter  of  the  greatest 
importance  in  practical  chemistry,  since  it  gives  the  means  of  making  cor- 
rections for  pressure,  or  determining  by  calculation  the  change  of  volume 
which  a  gas  would  suffer  by  any  given  change  of  external  pressure. 

Let  it  be  required,  for  example,  to  solve  the  following  problem:  We 
have  100  cubic  inches  of  gas  in  a  graduated  jar,  the  barometer  standing 
at  29  inches ;  how  many  cubic  inches  will  it  occupy  when  the  column 
rises  to  30  inches  ?  Now  the  volume  must  be  inversely  as  the  pressure  ; 
consequently,  a  change  of  pressure  in  the  proportion  of  29  to  30  mast  be 
accompanied  by  a  change  of  volume  in  the  proportion  of  30  to  29,  the  30 
eabie  inehea  of  gas  oontraoting  to  29  cubic  inches  under  the  oonditions 
imagined.    Hence  the  answer — 

30  :  29  rs  100  :  96.67  cubic  inches. 

The  reverse  of  the  operation  will  be  obvious.  The  pupil  will  do  well 
to  familiarize  himself  with  the  simple  calculations  of  corrections  for 
pressure. 

*  Xear  the  liqurrjrlni;  point  the  law  no  longer  hoUIa;  the  volumo  dlmlniahoa 
■on  rtfidlf  thiin  the  theory  iodicsto,  a  ■mailer  amount  of  preaaurc  being  then 
•uffleiant    (See  further,  p.  86). 


b  will  be  oourenient  to  consider  the  gubjeot  of  best  under  sererol  i 
tiona,  and  in  tin-  Mlowiug  order: — 

1.  KxpoiiMion  of  iKMlius,  or  eiTucts  of  variations  of  temperature  in  alterL 
tlii'ir  dimc-udious. 

2.  Couduotion,  or  transmisBion  of  beat. 

3.  Specific  beat. 

4.  Cljango  of  state. 
B.  So\iri;e3  of  lioat. 
6.  Dynamical  tlieory  of  beat. 

Expansion. 

If  a  bar  of  motal  of  such  magnitude  as  to  fit  aocnrntely  to  a  gange,  wben 
cold,  be  heated  cousiderahly,  and  again  applied  to  the  gauge,  it  will 
found  to  liave  lx>coinf<  enlarged  In  all  its  dimensions.     Wben  cold,  it  ' 
once  more  enter  the  gnii^s. 

Again,  If  a  quantity  of  liquid  contained  in  a  glass  bnlb  furnished  with 
a  narrow  neck,  be  pluiigwl  into  hot  water,  or  exposed  to  any  other  source 


Fig.  U. 


Fie.  w 


Tig.  1». 


of  heal,  the  liquid  will  uicmiit  in  the  stem,  showing  that  its  volume  bii 
Iteen  increased.  The  l>ull>,  luiweve.  has  likewise  expandtni  by  the  beat 
and  its  capacity  baa  consequently  occn  aupnentwi.  The  rise  of  it' 
liquid  in  the  tube,  therefore,  denotes  the  ditference  between  these  tn 
expansions. 

Or,  if  a  portion  of  air  1-ve  confined  in  any  vessel,  the  application  of  „ 
slight  degree  of  beat  will  sulflce  to  make  it  oi-enpy  a  space  sensibi] 
larger. 

The  moat  general  of  all  the  effects  of  heat  fumishps  in  the  outset  a  prin- 
ciple, by  the  aid  of  which  an  Instruinont  can  bo  eonstmctod  capable  of 
taking  cognisance  of  changes  of  feniperaturo  In  a  manner  equally  accurate 
and  convenient :  sucli  an  instrument  !a  the  thermometer. 

A  atpiUarr  ^^lasa  tube  is  chosen,  of  uniform  diameter  ;  one  extremity  is 
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.lokfl   i.nil  <-icn.i!i.]>^l   into  ■  bulb,  by  tbs  sid  of  the  hlonrpipo  Ituno,  Jtnd 
'  iwu  oat,  uiil  l(>ft  open.     The  bulli  in  mm  uaultouitly  | 
:ii|),  Aiiil   thv   ii|i»d    vxtri-uiity  pi  it  iigvil   iiitti  a  Vf*8rl 
'  i>f  which  rigi<8  into  thi?  bulb  wlirn  tiir  lattur  cools, 
li  hiul   bevn  expamUnl  and  driven  out  by  the  heat. 
n^    the   flouie,   unci    cAUsiiijr    this    uiereury   to    Util,  lhi> 
air  is  (•••wily  <'XiM;lI<>d,  and    the  whole  spJiee  I1II»<1  with 
Tlir  open   HUil  of  the  tube  luusl   now   bo  iium>.Hiiately 
■■  •  --■■I   lillii»l  with  meriury.     .\»  the  tnelAllie  viUKira  eou- 
.1.   ..(  the  external  nir   fi>raw  the   liquid  metnl   iiilo   the 
aotil  tinally  the  tulx<  is  completely  tilled 
•  V.     The  thermumnter  thus  llllitl  in  now  to  fig-  20 

•  •  much  inenary  haa  hvvu  driven  out 
I  of  the  remainder,  that  iu  level  In 

Lii  sinnd  at  common  teaiperatures  ot  the 
)•  il.     This  Ix-'tuy  salisfaelorily  afljuHteil,  the 

'  -■  ■'■'.li.'d,  until  the  n>lumn  rises  quite 

lie  extremity  of  the  tuU-  is  her- 

liH  blowpipe.     Tlie  retraction   of 

-  on   coolijig   now   leaves   an  empty  space, 

-ntir\l  to  tile  perfi-otion  of  thy  instrument. 

t.'r  hna  y-'t  to  be  graduiit«'d  ;  and  to 

•us  oucnparable  with  those  of  other 

i!  '       having   at  the  least    two   fixed 

!■  1  to  it. 

■  .■  1,  that  the  tempcratnro  of  mi-lt- 
■  i  gay,  of  X  mixture  of  iee  and  water, 
I  ;  a  thermometer,  nlrea/ly  graduated, 
ii  a  mixture,  always  marks  the  same 

•  iur»,  and  a  simple  tube  fiUett  in  the  manner  described 

<s   the  same  etTecl    in  the  unchanged  height  of  (he 
1.  when  trie<l  from  day  to  day.     The  frei'ziuK  point 
I'lintof  iue,  constitutes  theu  one  of   the  invariable 
1. 

■'1  in  the  boiling  p<iint  of  water,  or,  more  accurately, 
>'  icam  which  rise«  from  lioiling  water.      In  order  to 

I  .  which  remains  perfectly  constant  whilst  the  baro- 

I  lire  is  (.uiistaiit,  to  the  mercury  of  the  th<'rmometer,  distilled 

•f  ie  to  boil  in  a  glass  vessel  with  a  long  neck,  when  the  pressure 

;!'.:.  211).     The  thermometi-r  Is  then  so  placed  that  all  the 
V  iiidiKi  with  steam.     It  quickly  rises  to  a  fixed  point,  and 

1^'iiL-  nn  the  water  Ijoils,  and  the  height  of  the  barometer 

I   •  .irefnlly  marked  with  a  (lie  at  these  two  points, 

lio   iniervai   into  degrees;  this   division  is  entirely 

now  most  generally  employed  is  the  Centigrade,  in 

is  ilirid<Hl   into  HXI  parts,  the  lero  U-ing  placeil  at  the 

water.     Tli«  scale  is  continued  alwve  and  below  these 

'    V  n  >ielng  diftingui.iheil  by  the  negative  sign. 

■rlh  America  the  division  of  Kahrenheit  is  still  in 
ncd  space  is  divide<l  into  Ifll  dHgrci«  ;  but  the  »ero, 
111  the  freezing  (xoiit  nf  water,  is  placed  32  degrcoB  | 
nit,<  r.iiiirn  of  ebullition  is  expri*»ed  by  212^. 

•  conflnixl  to  a  few  places  in  the  north  of 
scolc  the  freexing  point  of  water  is  raad«  ] 
■  i;  point  Ml-. 

lytiml  s,  uaifarm  ^j^tem  Laa  not  been  g«iu»Tall,y 
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ill  gTsdaating  thermompten ;  this  would  render  nnnecess&ry  the  lab 
which  now  so  frenuently  has  to  be  perfunoed  of  IraooUtiiig  Uie  langua 
of  on«  scale  into  that  of  another.  To  effect  this,  presentu,  howevt-r,  i 
gruat  difficulty.  Let  it  be  requirud,  for  exampU-,  to  know  the  degree  < 
Falircuhoit'iJ  scale  which  corresponds  to  60^  U. 

ItHP  C.  =  180O  F.;  or  5^  C.  =  9°  F. 


Consequently, 


6  :  9  =  60  :  108. 


But  then,  as  FnhreJiheit's  scali-  commences  with  32°  instead  of  0°,  th 
number  must  K-  added  (o  (lie  n^sull,  making  6(PC.  =  140°  F. 

The  rulf,  then,  is  tin*  fuUowing :  To  convert  centigrade  degrees  iaj 
Fahrenheit  degrees,  multiply  by  9,  divide  the  product  by  6,  and  add  'Sf 
to  convert  Fahrenheit  degrees  into  centigrade  degrees,  subtract  'i'2,  niu' 
tiply  by  5,  and  ilivide  by  tf. 

The  reduction  of  negative  degrees,  f>r  those  below  xero,  of  one  scale  in 
those  of  another  scale,  is  effected  in  the  same  way.     For  example,  to  ( 
vert  —  IS*^  C.  into  degrees  of  Fahrenheit,  wo  have — 


•15  x|-+32  = 


—  27  +  32  •=  +  5  F. 


In  this  work  temperatures  will  always  be  given  in  centigrade  d^ 
nnless  Uie  contrary  is  stated. 

Mercury  is  usually  chosen  for  making  tliermoraeterB,  on  account  of  : 
regularity  of  expansion  within  certain  limits,  and  because  it  is  easy  ( 
have  the  scale  of  ^^reat  extent,  from  the  large  int^irval  between  the  freezig 
and  boiling  points  of  the  metal.  Other  sulistanees  are  sometimes  use 
alcohol  is  employed  for  estimating  very  low  temperatur<?a,  because  th 
liquid  has  not  lieen  frozen  even  at  the  lowest  degree  of  cold  which 
bei'u  artillcially  produced. 

Air-thermometera  are  also  used  for  some  few  particular  purposes  ;  iude 
the  first  thermometer  ever  mode  was  of  this  kind.     There  are  two  mo~ 


Fig.  21. 


Fig.  M. 


cations  of  this  instrument ;  in  the  first,  the  liquid  into  which  the  tnbe 
dips  is  open  to  the  air ;  and  in  the  second,  shown  in  Fig.  21,  the  atmos- 
phere is  completely  excluded.  The  effects  of  expansion  are  in  the  one 
cMsf  ooujphcateA  with  those  arising  from  changes  of  pressure,  and  in  the 
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—    ■     '-  -•'■>i-  -'  tII  whpn  thvu-hoir  ;-'---.    ,  ♦  =-     -•  ■     ti-d 

nnf  ll»'  uir  in  II  r- 

uh  rhttiigfn,  nu  ..;      i;;lit 

'  <MM!ur.     Aii-oriliiigly,  sut-h  lii»truiii<>iilii  ar«  ivillt^ 
'  -,  liucx*  thi'.r  Hvrrn  to  inM.-utnn-  <liir<irfiii'»^  <if  lcnip«- 
•    Iwo  iwrllons  of  air,  wliilo  dLingiw  jtflri.'tiiiK   Uith  alik» 
Fie.  22  »liuwa  anotbnr  form  of  tlip  snnie  in»lriimtiil. 

1i«  pmployi'il  for  mrasuriug  all  ti-iu}n.'rali)rH() 

st ;   M.  I'oiiilli't  lias  ile.Hi'ril*"!   nU"  liv  which 

.—. .     coiilil    Ix'   m-'aj-uri."!.     Tl»<    ri'SiTvoir   "f   this 

iitu,  xiiil  it  is  tviinivt«yl  with  a  pii'ic  of  a|i)iiiratua 

'    of   vulumu   oxpiTienottl    hy   tht)    iiicludi-d    air    is 

nt  air-tlioTtnnmptifr  has  lH>«<n  construeted   and  tiged  by  Hnd- 

nun    and    K<-(;iiault,   for   niraxiirin);    tVie 

lion  di.-pi-iid»  ou  the  law,  that  wli«-ii  atr 

1   mill   iiiiiut'r«*<i  irt'in  >-.v]taiidiiig,  its  tclision   iucrea»i*8  in  Itit^  vanit* 

•ti   iu  which   it  would  have  iucreaiiixl  in  volume  if  pennitt<*d  to 

are  enlarged  by  the  application  of  heat,  and  rednccd  by  its 
.'T.  in  other  Worda,  oontr.-u:t  on  Ix'ing  artificially  cooled  ;  this 
in  a  (v>nipiu-ntivety  small  extent  with  Bolida,  to  a  larger 
.  and  m«<.t  of  all  in  the  case  of  gases. 
:uiil  liquid  hu«  a  rate  of  expansion  peculiar  to  itself;  gases, 
ry,  expauil  nearly  alike  for  the  same  increase  nf  heal. 

iitm  of  .SnliJt. — The  actual    araonnt  of   expansion  which  different 

i,rl..r<.n  l.v  111,,  cii.r...   m.-rnase  of    heat  has   been   carefully  investi- 

1   the  results  of  the  best   investigations, 

-ii-r  and  Laplace.     The  fraction  indicates 

111   ill   length  snlTereil    by  the   rods  of  the  tinder- 

>iug  from  0-^  to  lOW^  :— ' 


w,d» 

.1.  (( 


nt  gla 


liitn  class 
Kjauawiit  while  e\n^» 
Q\am  wtlliiMit  leatl 

fltml  I 


K^T 

Tempered  steel 

i^rr 

riotl  iron 

tAt 

Uold      . 

nVs 

Copper 

iAt 

Brass    . 

tXi 

Silver  . 

1r. 

Leiul      . 
Zinc 

iJt 
i{t 
ill 

sir 

!1I 

til 


Pr«ii  xpansion,  the  ciiAic  expansion   (or  measure  of  volume), 

i»T  '•  ^Vlieu  the  expansion  of  a  bcvly  in  ilillerenl  directions 

lie,  in  glass,  hammered  metals,  and  generally  in 
'lUancM,  it  will  Ix-  sufficient  to  triple  the  fraction 
•  in  one  dimension.  This  rule  does  not  hold  tnic 
■  •  Irreisular  systems,  for  they  expand  unequally  in 

uniformly  for  eqnal    increments  of  heat 
.    II,..   u.i'ling  poiut  of  water  the  rate  of 

IS  rery  great.     In  laying  down 

.   Ui.iK.^.  .•iriiiiiK  long  ranges  of  steam-pipes,  au'l 

of  the  kind  in  which  met.iJ   is  largely   used,  U  \» 

ii^iciiaaX'Je  lu  wake  prxvinion  far  tlitise  chtogtya  of  dimensions. 

»  /«  rh/-  iiirn-tina  of  llw  resell. 


4« 


HEAT. 


lu  oiiiSfquence  u{  glass  anJ  platinum  having  nearly  the  some  unoa 
uf  ex{ian»iiin,  :i  thin  platinum  wire  may  b«  fuiied  into  a  glass  tube,  will 
any  fi<ar  tliat  tlio  gliuix  will  lirealc  on  ivKiliiig. 

A  very  usoful  application  of  i-xpan^iioii  liy  heat  is  that  of  the  cutting  j 
glass  by  a  hot  iron  ;  this  is  uunslautly  practised  in  the  laljoratory  furj 
grc>ut  varii-l)-  of  purposes.     The  glass  to  he  out  is  marked  with  ink  in 
r«iuiro<i    direi'tion,    and   then   a   crack,   oommencod    liy   any  ocmvenia 
method,  at  some  distanue  from  the  desired  line  of  fracture,  may  Le  led  I 
the  point  of  a  heated  iron  rod  along  the  latter  with  the  greatest  preoiaitf 

ExpantioH  o/'  IJr/uiila. — Tlie  dilatation  uf  a  liquid  may  lie  determined 
filling  a  thermumut^T  with  it,  in  which  the  rclatiuu   between  the  capaci^ 
of  the  bull  uiid  that  of  the  Htem  is  exactly  known,  and  oliserving  the  heigtiK 
the  column  at  different  temperatures.     It  is  necessary  in  this  experin 
to  take  into  account  the  effects  of  the  expansion  of  the  gloss  itself,  the 
served  result  being  evidently  the  ijij/'ttrvncf  of  the  two. 

Liquids  vary  exc<ei>dingly  in  this  particular.    The  following  table  is  I 
from  Piolet'a  "  K16meuts  tie  Physique:" — 

Apparent  DUatatum  in  Glwu  lietieeen  QP  and  lOtP. 

Water /, 

Uydrochloriu  acid,  sp.  gr.  1.37         ....]>» 

Nitric  acid,  sp.  gr.  1.4 ^ 

Solphario  acid,  sp.  gr.  1.85 ^ 

Ether l>j 

Olive  oil A 

Alcohol { 

Mercury jlj 

Most  of  these  numbers  must  be  taken  as  representing  mean  resnlta ; 
there  are  few  liqiiiits,  which,  like  mercury,  expand  regularly  betwa 
these  temperatures.  Even  mercury  above  IWK'  shows  an  uneijnal 
increosing  exp.insion.  if  the  temperature  indicati'd  by  the  air-theniiom«rtcr 
be  used  for  comparison.  This  is  shown  by  (he  following  abstract  of  a  labia 
given  by  Regnault : — 


Reading  of  Air 

ReadlDg  of  Mercurial 

Tber  mo  meter. 

Thermometer. 

0° 

HP 

100 

100 

aoo 

200 

300 

301 

3&0 

354 

Temperature  deduced 

from  the  Abteluto 
Expanaloj]  of  Mercury 

100 
2{l'2.78 
308.34 
362.16 


r- 

I 


The  absolute  amonnt  of  expansion  of  nierenrr  i«,  for  manv  reasons, 
point  of  great  importance;   it  has  been  very  caVehilly  detcrinined  by  » 
method  independent  of  the  expansion  nf  the  containing  vessel.    The  appara- 
tus employed  for  this   puryiose.  first  by  Pnlonp  and  Petit,  nnd  later  b^ 
Regnault,  is  shown  in  fig.  23.  divested,  however,  of  many  nf  its  snhordina^H 
parts.     It  oonsisU  of  two  upright  glass  tulws,  eonnecttil  at  their  bases  ^" 
a  horiiontal  tnb<<  of  much  smaller  dim>'nsion».     Since  a  free  eommnnii-ation 
exists  bt-tween  the  two  tubes,  merenrv  ponred  into  the  one  will  rise  to  the 
same  level  in  the  other,  providi-d  Its  temperature  is  the  same  in  bnti^| 
tubes;  when  this  is  not  the  case,  the  hotter  cvihimn  will  be  t:,e  taller,  b^| 
cause  the  expansion  nf  the  metal  diminishes  its  specific  gravity,  and  the 
law  of  hrdrmluliv  equilibrium  requires  that  the  height  of  such  oolumna 
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tbonH  K"  inTfT>!clr  n»  thnlr  densitiM.     By  the  aid  of  the  cmtet  cylinder*, 

il  (imxlanlly  at  00,  while  tlie  cither  \»  raiHtxl, 

lil,  (o  anjr  n-quirwl  t«in|>iT,tliirv.     Tin;  fxT- 

'   may  thru  Iw  T<-tui  off  by  a  hurizoutul 

vertictti  JiviJoil  t.ciil«. 

'■  equal  weight,  lun-anso  voliiini<8  of 

■ri  to  the  (it'iisitic'H  of  tin-  ll<|iii<lii. 

1 1 1  ts  of  l)eiDg  vwry  eoaily  wiloalatcd, 

li  inches  high,  and  thai  at  ItMP,  ti.IOS  ini'hna  ; 

•11  6li(it),  or  J  J.  5  part  of  the  whole,  will  rej>re- 

*4,iil  lUe  jU»uiuU>  vuhiool  ttxpoosioa. 

Ftg.SS. 


The  indlcjitions  of  tin!  nii<rcnrial  thermometer  are  inannirate  when  very 
Ugb  range*  uf  ifintnTatiin-  an*  oonciTned,  from  the  increaiOHl  expannihllity 
of  thi>  nwtol.  The  i-rror  thiis  caused  i8,  however,  nearly  compen8ale<l,  for 
kcBfirtvtnmi  nndur  3»'4.5  J  C.  (400^'  p.)  by  the  expaiisio'u  of  the  glass  tube. 
I'm  k%li«r  t<nn|>«rttturns  a  amaJl  ourreation  is  necessary,  as  the  above  table 

•ItvWK 

1V>  wliat  ext<^t  the  expansion  of  difr<>rent  liquids  may  rary  between  the 
I  iaa]irratures  is  obvious  from  a  glance  at  fig.  24  which  reprncnts  the 


Fig.  at 


"0   waoaoiowaoTaiooo iuo<> 


lUrt*. 


of  mercnrr  OS).  mU-r  fW),  oil  of  tnrp4>ntlnM  CT).  and  almhol 

■r.v 
.L       !,irh 

'   30,  el<?.,  are  inter- 
-      Tliti-  1?  U  fu-m 

'  tu 
■  nd* 
-jy.in>inn  of  the  clhvr  iixjuiiis  incrcaira  mWtt  ' 
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An  exoepUqji  to  the  regularity  of  expansion  in  liquids  exists  In  the  < 
of  water ;  it  is  so  rumarkable,  and  its  conaequenous  so  important, 
is  necessary  to  advert  Va  it  particularly. 

Let  a  large  thermomvt<^r-tul>t'  be  li)l<Hl  with  water  at  the  common 
peraluro  uf  the  air,  aud  tliuu  artificially  couled.     The  liquid  will  be  < 
served  to  contract,  until  Uie  temperature  falh)  to  about  4^  C.  (3!*. 2'-'  F.J 
T.'JP  above  the  freeziug  puiut).     After  this  a  further  reduction  uf  temp 
turo  causes  expansion  instead  of  contraction  in  the  volume  of  the  wafj 
and  this  expansion  continues  until  the  liquid  arrives  at  it«  point  of 
gelatiou,  when  so  sudden  and  violent  an  enlargement  lake8  ]>lace  that  I 
vessel  is  almost  invariably  broken.     At  the  temperature  uf  4^^  water  ia 
its  maximum  density  ;  iucrease  or  dimiiiutiuu  of  heat  produces  upoa] 
for  a  sliort  time,  the  same  effect. 

.\c<!ording  to  the  latest  researches  of  Kopp,  the  point  of  greatest  density 
of  water  is  4.0S-'  C.  {'iV.'M^  P.).     According  to  the  det<!miin«tions  of 
physicist,  the  volume  uf  water  =  1  at  (P  C.  uhangea,  when  heated,  to 
following  volumes  ;— 


2^  0.99n»l 

40  0.99S>88 

6°  0.99990 

80  0.99999 

10°  1.00012 

12='  1.00031 

^4-  1.00056 


I6O  l.(K>085 
IS*^  1.00118 
200  1.00157 
220  1.(10200 
240  l.OOaiT 
350  1.00272 
30^  1.0040ti 


350  1.00570 
4lP  I.UO753 
460  1.0t)954 
5iP  1.01177 
550  1.01410 
tiO^  1.01059 
tiSO  1.01930 


7001.02225 
750  1.02644 
8OO  1.02858 
850  1.03189 
90<^  1.03.^40 
950  1.03909 
lOOC  1.C14299 


Sea-water  has  no  point  of  maximum  density  above   the  freezing 
The  more  it  ia  cooled  the  denser  it  lieeomes,  until  it  solidifies  at  — 2.0^  C. 

The  gradual  expansion  of  pure  water  cooled  below  4^.*  C.  must  l>e  care- 
fully distinguished  from  tile  great  and  sudden  increase  of  volume  it  ex- 
hibits in  the  act  of  freezing,  iu  which  respect  it  resembles  many  other 
bodies  which  expand  on  solidifying.  The  force  thus  exerted  by  freezing 
water  is  enormous.  Thick  iron  shells  quite  filled  with  water,  and  ex- 
posed with  their  fuse-holes  securely  pluggt«d,  to  the  cold  of.  a  Canadian 
winter  night,  have  been  fonnd  split  on  the  following  morning.  The  frin-i- 
ing  of  water  in  the  joints  and  crevices  of  rocks  is  a  most  potent  agent, 
their  disintegration. 


itj^ 


Ezpannon  of  Gaaes. — The  principal    laws  relating  to  the  expansion  of 
gases  are  lyintained  in  the  four  folKtwing  propositions  : — 

1.  All  gases  expand  nearly  alike  for  equal    increments  of  heat ;  and  all 

vapors,  when  remote  from  their  coudenaing  points,  follow  the  same 
law.  _^m 

2.  The  rate  of  expansion  is  not  altered  by  a  change  in  the  state  of  tl^M 

pression,  or  el.tstio  force,  of  the  gas  itself.  ^^ 

3.  The  rale  of  expansion  is  uniform  for  all  degrees  of  heat. 

4.  The  a<?tnal  amount  of  expansion  is  equal  to  jfj  or  ^J^  or  0.00366fi 

of  the  volume  of  the  gas  at  0°  centigrade,  for   each  degree  of  the 
same  senile.* 

It  will  not  be  necessary  to  enter  into  any  description  of  the  methods  of 
investigation  by  which  these  results  have  been  obtained  ;     the  advanced^ 
student  will  find  in  Pouillefs  "  Elements  de  Physique,"  and  in  the  ] 
of  Magnus  and  Regnault,t  all  the  information  he  may  require. 


•  The  frnctlon  ^^Jtj  in  very  convenient  for  OAlcnlntion. 

t  PoKKenilorfr«  Annnlen,  Iv.  1— Ana.  Chim.  Phyn.  M  serlen,  Iv.  5,  «nd 
See  Rlao  Wiitt«'ii  Dlrtlrfnurjr  n(  r>heml"trr,  urt.  Heat,  vol.  Ill   p.  4«  ;  unrt  Oanot*! 
JSifmeaUae  Pljj-'lQue,  »Mii»l»teU  by  Dr  Atklnion,  4th  edition,  pp.  2.1S-S6a. 
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Heat,  ft!  Vfi. 
3110  : 


I#l  it  Ik-  roiiiirnl,  for 
livs  of  uiy  giu  At  111*-  C. 
iiippralun-  riAing  to  ^-  {.'. 

"  18  lijur,^^  of  (bo  voluin«  St  (K>  for  each  degree; 
tA'  bet.'unK*  3U11  M  1~,  302^  at  :f-',  3110  at  10^,  and 


Mmi.  At  30 


Meu.  >t  !«''. 


Heai.  at  »'. 
lU3.r>37. 


If  this   calculation   is  r«j«ir<<d  to  Iw  oia<le  on  the  Fnhrciilii'il  Hcnle,  H 
mti't  (»•   r.-nn-iul«iri»l  that  tin-  K-m  of  that  an-nli-  is  3'^  bttlow  thi'  iiicltiug- 
AlK>re  this  rvmjK'rntun-  thu  uxpouiiiou  for  each  dt'^rw  of  tbs 
I  ivlf  in  jj,  iif  llip  ori^iiinl  voluiin'. 

lion   for  jjri.'fci'uro,  arc  opi-rntiond  of  vry  fre<(nnnt 
0-  i    inrestigatiuiu,  and  tht-  stiid<.-nt  will  do  wrll   to 

1. 1  iiidud«i  both  th>»e  corrpclions :    Irf!t  V  and  V 
K  I  it  tho  trnjjit'rntures  /  and  t'  ei-ntigra/lo,  and  under 

the  pnscum  p  aud  p',  measured  in  uiilliiuutr««  of  mercury  :  then 

V   _  l-|-0.00306(k 
V' 


14-0.0()3UU(J/' 


••••  which  most  friyjuMitly  oocnrs  ia  the  rwlnction  of  a  tnca»nr 
V,  of  3  gaK  at  Ihi-  IfiujM'ratuii'  /  and  priwonri-  />  to  thi>  volume  V„ 
'till  h  II  would  uo'iipv  at  (Y^  C,  and  under  n  pretwore  of  7tiO  lum.     lu  this 
cax,  wa  hafo  I'^d,  and  p'=7li0,  therefore 


—  =  (1  +  <>.0036«B/)  .  ^'^, 
V.  p 


and 


V-  =.-_' 


1  4-  0.0036(iB< 


7ti0' 


U  Om  baromHtric  pressure  ia  meiuinred  in  inches,  tho  niunber  30  mnst  be 
•obtltuted  for  761). 


yhifr, — Of  the  foBT  propositions  stated  In  the  text,  the  first  and  second 
1  shown  t*)  lie  trne  within  certain  limits  only,  and  the 
the  highest  degrw  probable,  would  Im'  very  diflieull  to 
"t  fact,  the  (Hiual  rate  of  expansion  of  air  is  assumed 
liet  sulstanees,  aud  K-comes  the  standard  by  which 


■  i. 


^^^^Hr^  I  for  the  dtlfi'rent  leases  is  nnl  alisnlutely  the  same, 

^^^^B''  -"  small    that   for  m^-sl  purpos<ii  it  may  safely  be 

MVloefnI.       Neither  w  the  state  of  elastieity  altORetlier  indifferent,  the 
nyitn'i'^n  K>ir>?  «<»ns!My /TrFn/rr  for  an  equal   rise  of  temperature  when 
'    '    it*.. 

lint  the  (treateet  deviations  from  the  rule  are 
-  w  hieh,  as  will  hereafter  l>e  sf..n.  are  most  easily 
'1  dioxidi',  rT.-»in));en.  ami  sulphur  ilioxiile ;  and  that 

.....    i-, uii!  smaller  and  smaller  as  the  elastic  force  \8  \«>»»- 

oMd )  •»  tliat,  tr  mMiu  exithH  for  amtpuring  the  different  gaaes  \n  «V<Am 
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egualls  dutnni  from  their  points  of  condensation,  there  is  reason  to  Iieli 
that  the  law  wuiiUl  l>e  strictly  fullillcd. 

Thi*  (.•xiii'riiiu'iits  of  Ualtoii  and  Uity-Lussac  gave  for  the  rate  of  i 
siou  yff  of  tliu  volume  at  0*^ :  this  is  uo  duiibt  too  high.     Those  of  Rudb 
give  ulj,  those  of  Magnu^i  and  of  liegnault  j^j. 

Condaction  of  Heat. 

Different  bodies  possess  very  diffi-rciit  c<iu<luctiug  powers  with  resp 
to  heat ;  if  two  similar  nxia,  the  ime  of  iron,  the  other  of  glass,  be  hel ' 
the  tlaiin'  of  a  Hpirit-laiup,  the  iron  w  it!  noon  In.i'onie  t<io  hot  to  lie  touihe 
while  the  glass  may  be  graiiped  with  iuijiunity  within  au  inch  of  the  re 
hot  portiou. 

Experiments  made  hv  analogous  but  more  necuratt^  metluHl^t  have  esta 
lisliuU  a  numerical  ooniparison  of  the  condueting  powers  of  many  budi6 
The  following  may  be  taken  as  a  specimen : — 

Silver 

Copper 

Uold 

Brass 

Tin   .... 

Iron. 


000 

SU-el  . 

.  116 

73(! 

Lead  . 

.     8.S 

B32 

Platinum    . 

.     84 

236 

Iierman  silver     . 

.     <S3 

146 

Gismuth     . 

.     18 

119 

As  a  class  the  metals  are  by  very  far  the  Ix-st  eonductors,  although  mncl 
difference  exists  Ix'twi-en  tlicni;  stones,  dense  woods,  and  charcoal   follow 
next  in  order  ;  then  li<|uids  in  general,  and  lastly  gases,  whoso  eouduotiiig 
power  is  almost  inai>preciable. 

ITnder  favorable  circumstances,  nevertheb-ss,  Ixith  liquids  and  gases m^jr 
beeome  rapidly  heBt4>d  ;  heat  appli<Mi  to  the  bottom  of  the  rontainiiig  ves- 
sel is  very  siH>iHlily  eonimunicat<sl  to  its  contents ;  this,  however,  is  not  so 
much  by  oondnction,  as  by  ronvcetion,  or  carrying.     A  complete  cire 
tion  is  set  up ;  the  portions  in  contact  with  llie  Imtlom  of  the  vessel 
heated,  beeome  lighter,  and  rise  to  the  surface,  and  in  this  way  the  h- 
beooraea  communicated  to  the  whole.     If  these  mnveiii.-nts  Ih>  prevenfe«l 
dividing  the  vi'ssel  into  a  great  number  of  coni]iarfinenl.s,  the  really 
(tonducliug  ]>ower  of  the  sultstance  is  made  evident ;  and  this  is  the  reoaoo 
why  certain  organic  fabrics,  as  wool,  silk,  feathers,  and  )K>rouB  boditw  in 
general,  the  cavities  of  which  are  full  of  air,  exhibit  snoh  feeble  powers 
conduction. 

The  circulation  of  heated  water  throiigh  pipes  is  now  extensively  applii 
to  the  warming  of  buildings  and  conservatories  ;  and  in  ebeniicjil  works 
serpentine  meial  tuU'  containing  hot  oil  is  often  used  for  heating  stills  n 
evftjiorating  pans;  the  two  extremities  of  the  tulM"  are  connectwl  with  the 
ends  of  another  spiral  bnil;  into  a  small  furnace  at  a  lower  level,  and  an 
interroitting  uiroalation  of  the  liijuid  takes  place  as  long  as  heat  is  applii 


Specific  Heat. 


Eijual  weights  of  dilTerent  sul«tano«^  having  the  same  temperature 
ijiiire  different  amounts  of  heat  to  raise  tliein  to  a  given  dcgre*  of  tempei 
ture.     If  1  lb.  of  waU>r,  at   UK>^,  be  mixed  with   1  lb.  at  -UP,  then, 


well  known,  a  mean  temperature  of 


UK)  4-  40 


>t  so 

1 

low" 
ion 
in 

] 

;he 

I 


70°  is  obtained.     In  the 


same  way  the  mean  temperature  is  found  when  warm  and  cold  oil,  or  warm 
•nd  eold  mercnry,  etc.,  are  mixed  together.  But  if  1  lb.  of  water  at  1(KP 
b«  shaken  with  1  lb.  of  olivej)il  at  4t>i',  or  with  1  lb.  of  mercury  at  4(>3, 
//jfo,  iimtfad  of  t)w  mean  temperature  of  70^,  the  temperature  actually 
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««  803  In  the  flrst  case,  980  in  the  Sficonfl ;  20  dogre<«  of 

ti«  wntor  (l>y  cooling  from  lOO^'  to  8(f')  {-avc  to  the  anme 

■   •.iitficient  to  raise  tlie  oil  4(V,  that  is,  from  4U^  to  SO^; 

water  lust  hy  caMlin);  from  HXI'-'  to  98<^,  sufficed  to  best 

I  !■.»  "f  mercury  .18'^,  iiaiuelv  from  -K>i  to  US^. 

;    fr>im  tbi-se  experimeuts  that  the  tiiiantities  of  heat  whii-h 

»f  water,  olive-<>il,  and  mercury,  re<juire  to  rai»<'  their  tem- 

.••  same  height,  are  unequal,  anil  that  they  are  in  the  pro- 

-  numbers  1   :   }§  :  j*,,  or  1  :    J   :   ,^. 

'lUiuilities  of  heat,  expressed  relatively  to  the  qnantity  of  heat 

In  r»i4e  the  temperature  irf  an  equal  wei^'ht  of  water  from  0^  to 

[  .lied    the  specific  heats  of  the  various  subiitances  ;    thus 

u  <it»  just  de»cribe<l  show  that  the  ap<>citie  heat  of  i>Iive-t>i!  is  ^, 

lUii  .»  •'    ■  quantity  of  heat  which  would  raise  the  temperature  of 

«Bt  ri-!  ■  of  olive-oil  from  (y-'  to  1"  would  raise  that  of  an  eijunl 

»ejKl  •_:     -1     Illy  from  IV  to  J'-',  or  of  half  that  quantity  ot  water  Irom 

The  rpmilio  beats  of  bodies  are  sometimes  said  to  measure  their  relative 
npaoilies  for  heat. 

Tlure  are  thre<>  distinct  methods  by  which  the  specific  heats  of  varions 
nWtaacKS  may  be  estimated.  The  first  uf  these  is  by  oliserving  the  iiuan- 
li>j  of  »ee  melted  by  a  given  weight  of  the  sulwlaiu-e  heated  to  a  particular 
Iniiperatare  ;  the  »i>«)nd  is  by  noting  the  time  which  the  heate<l  Uxly 
ixjoirM  to  c>H>l  down  through  a  certain  numlK-r  of  degrees  ;  and  the  third 
u  lhi>  ineth»l  of  mixture,  on  the  principle  illustrated  ;  this  latter  method 
rrcd  u  the  must  accurate. 

: 'tenninttion  of  Uio  specific  beat  of  different  substances  has  oceu- 
■  if  many  exjierimenters  ;  among  these  Dulong  and  I'etit, 
I  lilt  and  Knpp,  di«erve  especial  mention, 
itions  of  th(«e  and  other  physicists,  it  follows  that  each 
.liar   specific  heat,  and  that  the  specific  heat   increases 
'   "T.'Tature.     If.  for  example,  the  heat  wliiih  the  unit 
f^  from  U>-'  to  (P  be  marked  at  l(l^,  then  the  loBS 
i>Jwill  be,  not  5U,  (3orre»ii>oiidinK  to  the  ditference 
i>f  re,  bul  iid.l.     By  wioling  from  \WY-'  to  0^  it  is  HH)..'>,  ami  rises 

!••  -  ii  the  water  is  heated  under  great  pressure  to  2lM>'2,  and  after- 

vacds  ixulud  to  l>^.     Similar  and  even  more  striking  diflrerencra  have  Ix-en 
t«ith   iither  substanct«.     It  has  also  lN:en  proved  that  the  sptH.'ifio 
1^  greater  in  the  li<iuid  than  in  the  solid  state.     Kor 
■  ni  of  ice  is  0,.'KM,  that  is,  not  more  than  half  as 

j.,.i  isater. 

WaUe  that  the  Kpeciflc  heat  of  water  is  greater  than  that  of 
ii  lid    and    liquid   suljstances.  and  is  exeinxled  only  by  tbiit  of 

brlroKen.     The  «p<'cifio  heat  of  the  soliil  parts  of  the  crust  of  the  glolnt 
i» "n  .-in  T.rfr\gi-  \,  an.!  that  of  the  atmosphere  nearly  j  that  of  water. 

•iflc  heat  of  anv  JhhIv  within  certain   degrees  of  u-mperaturo 
1.  .   Imown.  then  from  the  quantity  of  heat  which  this  txnly  gives 

[.  •  ■ ,  dipfMHl  into  cold  water,  the  temperature  to  which  the 

1.  ,,.ny  Im-  det<?muned.     Touillet  has  founded  on  this  fact  a 

B.^iu,.. -.i   ,.,.,.-.,jing  high  temperatures,  and   for  this  purpose,  with  the 
k>lp  .if  the  air-tliermometer,  he  has  determined  the  specific  heat  of  pla- 

tiliuiri  r.i.  t..  li'l'if*"  ('. 

..n  of  the  specific  lieat  of  gashes  is  attended  with  pennliar 

d,!  .nnt  of  the  comparatively  large  volume  of  small  weights 

of  ga«,.     lor  m»iiy  gases,  however,  satisfactory  results  have  been  obtained 

by  the  method  of  roixitig.  ...  ,  m     .« 

When  a  i^aa  •xpamls,  heat  l)ecome8  latent,  that  Is  to  say,  insensible  to 
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the  thermometer;  in  laot,  the  molecular  motion  which  constitutes 
is  converted  into  another  kind  uf  uiutimi,  which  overcomes  the  pressure, 
which  tlio  gas  in  Hubjn'ttil,  and  allows  it  to  ('Xpaud  (t>ue  page  78)-  ' 
amouut  of  iieat  reqiiiriMi,  llitTrfurr,  lo  raiiiu  a  gas  to  auy  given  temp 
ture  iiicrcaatM  tlie  morn  tht*  gas  iu  quotslioii  is  allowed  to  expaud 
qiiiiiilit.v  of  heat  which  the  uuit-weiglit  of  a  gas  requina  in  oreU-r  to  ri 
its  temperature  1*^  without  its  volume  undergoing  any  change  (wliicli 
take  place  only  by  the  pressure  iH-iug  simultaueously  augmented)  is  a 
the  spwiflc  ileal  of  the  gas  at  coiislaiil  lolume.  The  quantity  of  heat  re- 
quired l>y  the  unit-weight  of  a  gas  lo  raise  its  temperature  1^,  it  Iwing  at 
the  same  time  allowed  to  dilate  to  suelt  an  extent  that  the  pressure  to 
whiuh  it  is  ex|x>sed  remains  unchanged,  is  called  the  specific  heat  of  {k« 
gfts  n/  imisldiil  prmsure.  According  to  what  has  already  been  stale<l,  the 
s|)eoiflc  heat  at  constant  pressure  must  1h<  greater  than  that  at  constant 
volume.  Dulong  found,  in  the  case  of  atmospheric  air,  of  oxygen,  of  hy- 
drogen, and  of  nitrogen,  that  the  two  specific  heats  are  iu  the  propnrliita 
1.421  :  1.  Kor  carlKin  monoxide,  however,  he  obtained  the  j)ro|>ortion  of 
1.423,  for  carliou  dioxide  1.337,  for  nitrogen  dioxide  1.343,  and  for  oletiaitl 
gas  1.24  lo  1.  The  exact  determinatiim  of  these  ratios  is  extremely'  diffi- 
cult,  and  the  results  <if  different  iihysicista  by  no  means  agree. 

The  first  8alisfact<iry  compnrisim  of  the  specific  Ileal  of  air  with  that 
water  Wfis  made  by  fount  Itumford  ;  later  cmiiiiarisons  of  the  sjietlflc  h^ 
of  v.trious  gasis   have   been  made  by  Delaroehc  and  Bfirard,  IJuloug  and 
Kegimult. 

The   first    researelies  of  Detarocbe   anil   Birard   furnished   the   resnlu 
embodied  in  the  following  table  : — 


J 


KqunI  rntumra 
The  Toluinea  The  j)re8aure 
eoaataut. 


Equ^l  weichtt. 
Air— 1.   W»ler-l. 


coiutaat. 

11  1  0.2GG9 

1  1  0.9046  0.-^14 

1  1  14.4510  3.85i;9 

1  1  1.02«5  0.2748 

1  1  1.0337  0.27.^.!t 

1.227  l.lflO  0.7607  0.2030 

1.24!»  1.175  0.7«8.'»  O.ao.'.! 

1.754  1.531  1.5829  0.422Q 

The  latest  and  most  Iru.stwortliy  determinations  are  those  of  RegnaiU^| 
given  ui  the  subjoiiiiul  table,  in   the  second  column  of  which  the  specil^l 
heats  of  the  several  gasra  and  vapors  arc  conipart'd  with   that  of  an  e<jnal 
weight  of  water  taken  as  unity,  and  in   the  third,  with  that  of  an  equal 
volume  of  air  referretl  to  its  own  weight  of  water  as  unity.     The  latter 
Series  of  numbers  is  oblaim>d  by  multipli'ing  the  numlx'rs  in  the  second 
column  by  the  specific  gravities  of  the  respective  gases  and  vapors  rcferr 
to  air  OS  unity  : — 


Atmospheric  air 
Oxygen     . 
Hydrogen 
Nitrogen   . 
Carbon  monoxide 
Nitrogen  monoxide 
Carbon  dioxide 
defiant  gas 


Spffijlc  heal 
at  conntant  yretture^ 


Oaiet. 

Atmospheric  air 
Oxygen 

Nitrogen 

Hydrogen 

Clilorine 


Spfci/te 

X  rarity. 
lr  =  l. 

1 

1. 1056 

0.9713 

0.01J92 

2.4502 


Bromine  vapor       .....     5.4772 


For  equal 

weight*. 

Water  =- L 

0.2377 
0.2175 
0.2438 
3.4090 
0.1210 
0.0555 


For  equnl 
volumes. 

0.2377 

0.2405 

0.23Ca, 

0.2359 

0.2965  j 

0.3040 


] 
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«<«>i<4/ati/ 

jtrc*»Hrr. 

>'ur  ('(junl 
welghli. 

Kur  cquiil 

o.n(>7ii 

0.2450 

0.2370 

1.5210 

0.21tJ9 

0.3.'Vt7 

l.Sa41 

0.22i;2 

0.,^W7 

1.0384 

0.2ai7 

0.24O(t 

0.9K72 

0.404(t 

0.4  lot! 

0.5627 

0.5!>2!t 

0..1277 

IHi22(l 

0.4.'(0:) 

0.298!> 

1.17413 

0.2432 

0.2MJ7 

2.2112 

0.1544 

O.rUH 

2.G2.'i8 

O.I5li!) 

0.4122 

1.259(1 

0.1.1,'.2 

o.2:i;t3 

0.5894 

0.5084 

0.29!)(J 

Thf  r'^wirrhrs  of  Duliirorho  and  lUrard  led  them  to  Buppntie  that  tliB 
-  iULTeaseci  rapidly  aa  the  t^mp«*rat<ir«<  waa  raistHl,  oiid 
iiLc  of  gsn  it  increa««l  in  proportion  to  the  density  or 

Ill-  (;.iv.     KegTiaiilt  found,  howerer,  thn  quantity  uf  heat  wliii-h 

uiur  of  gns  requirea  to  raioe  it  to  a  certain  ti-mpt-raturo,  to  ho 
"f  its  doiifity  ;  and  that  for  paoh  dcgroj  Ix'tween  — :)0^  C. 
is  constant.  Carlwn  dioxide,  however,  forms  au  exception 
It*  «pecillc  heat  increa.'.ing  with  the  temperature.  In  the 
taUv  wrjin  values  for  tempcraturen  between  IC^  C.  and  200^  C.  hnve  tntan 
gitm. 
S«-  •<  have  held  that  the  Bpcciflo  heats  of  elementary  gasw, 

■  liimuB,  are  idcntienl.     The  number;*  wliich  Kegiiuult 

■  id  bromine,  however,  show  that  the  law  doea  not  hold 
iry  gases. 
•  !>•  «tjiti>d  that,  when  a  gas  expands,  heat  becomes 

I'linp  Ik-  not  suppliwl  with  the  requisite  heat,  its 

•  lint  of  its  own  free  heat  becoming  latent,  that  ia 

■d  iu  on-ri'oniing  pressure.     On  the  other  hand,  if  a  gas  Iw 

i«  latent  heat  liecouies  free,  and  causes  an  elevation  of  tem- 

h    111.  I.  r  rrivorahle  cireumBlanci-s,  may  Ix-  raised  to  ignition; 

I  I   !i  III    1   r  is  kindl<>il  are  constructed  on  this  principle. 
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Change  of  State. 

1.  Fusion  and  Solidification. 

■•' "Ti   heateil  are  expandwl ;  many  are  liquefied,  i.e.,  they 

Melting  of  solids  ia  frequently  preoede<l   by  a  grmliial 

■  .  ijiUy  wlii'n  the  temperature  .'ipproaches  the  [siint  of 

■inenon  is  observed  in  the  case  of  wax  or  iron.     In  the 

I  — of   line  and  lead,  for  iiislani-i' — and  several  other 

iig  is  not  oIiserviKl.     (tenerally,  l«»lies  expand  durinp; 

■in  ;  an   exception  t<i  this  rule  is  water,  which  expands 

I  vol.  of  water  proilnee  nearly  11  vol.  of  ice),  while  ieo 

'ii(-«i»  proportionately  smaller  volnme  of  water.     The 

'    --      '  nid   at  lempernture«  proei-dlnn  fusion, 

linn    nnd   further  refrlceratiou,  Is  very 

i.ilily   before  fiisinp,  and  wiuhiuvuVuiAv 

'r.     If'ax.  whrn  /jo(ire<J   into   mould 

.iliuj),    lial    aOervrardt    oootrocts    i  ■ 
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Stearic  acid,  on  the  contrary,  expands  very  little  before  fusion,  bnt  ratU 
consiilcralily  during   fusion,   and   eonHrqupntly   pure   stoaric   acid   wli 
pourinl  into  moultlsi  aoliililiffl  tii  n  rougli  porous  mass  contracting  little 
furtlii-r  coolin;;.     Tlie  addition  of  a  little  wax  to  stearic  acid  prevents 
powerful  contraetiou   in  the  uiouieut  of  Bolidilication,  and  renders  it 
lit  for  being  iuoulde<l. 

Latent  jirnl  nf  Fusion. — During  fusion  liodies  almorb  a  cft'tain  quant 
of  Ileal,  which  is  not  indiciat>-<i  liy  tho  theruiometer  ;  at  a  given  teni]! 
tun' — the  melting  point,  for  instnnct? — a  certain  weight  of  oubatonce  i 
tains  when  solid  less  heat  thtui  when  liquid. 

If  equal  weights  of  waU-r  at  (»  C.  (3iO  K.)  and  water  at  79°  C.  (174 
P.)  be  misiHl,  the  temperature  of  the  mixture  will  be  the  mean  of  the  I 
temperatures,  or  SU.SO.     If  tho  same  experiment  be  repeate<l  with  snow  ( 
finely-powdiTtnl  joe  at  (>0,  and  water  at  7!to,  the  temperature  of  the  wltcle 
will  be  only  UO,  bat  the  ice  will  hace  been  meltfd. 


1  lb.  of  water  at  0^ 
1  lb.  of  water  at  79^ 
1  U).  of  ice  at  OO 
1  lb.  of  water  at  7riO 


I     =  2  lb.  water  at  39.5°. 
I      =  2  lb.  water  at  CP. 


In  the  last  experiment,  therefore,  as  much  heat  has  been  apparently 
as  would  have  raised  a  quantity  of  water  equal  to  that  of  tho  ice  t~ 
a  range  of  79'^  (142.2©  K.). 

The  heat,  thus  become  insensible  to  the  thermometer  in  effecting 
liquefactiim  of  the  ice,  is  called  latent  heat,  or  l>etter,  heat  ofHuidt 

Again,  let  a  perfectly  uniform  source  of  heat  lie  imagined,  of  sucU 
tensity  that  a  lli.  of  water  placi-d  over  it  would  have  its  teinperat 
raised  SO  per  loiuutc.  Starting  with  water  at  tf^,  in  rather  less  than 
minutes  its  temptraturH  would  have  risen  "9^;  but  the  same  quantity  of 
ice  at  0^,  exposed  for  the  same  interval  of  time,  would  not  have  its  tem- 
perature raised  a  single  degree.  Hut,  then,  it  would  have  become  water; 
the  heat  re«:eived  would  have  been  exclusively  employe<l  in  ejecting  iha 
change  of  state.  ^1 

This  heat  is  not  lost,  for  when  the  water  freezes  it  is  again  evolved.  ^| 
a  tall  j.ir  of  wiiter,  covered  to  exclude  dust,  be  placed  in  n  situation  wheM 
it  shall  be  quite  undisturbed,  and  at  the  same  time  exp<iKed  to  great  cold, 
the  temperature  of  the  water  luay  be  reduced  H'C'  V,  (IfcO  p.)  or  more  lie- 
low  its  freezing  p<jint  without  the  foriuation  of  ice;*  but  then,  if  a  little 
l4;itatiou  Im'  coiiiiiiunicatcd  to  the  jur,  nr  a  grain  of  sand  dropped  into  the 
water,  a  portion  instantly  solidifies,  and  the  temperature  of  the  whole 
rises  to  VO;  the  heal  di.sengaged  by  the  freezing  of  a  snmll  portion  of  the 
water  is  sufficient  to  raise  the  whole  contents  of  the  jar  .SO  C.  (flO  p.). 

This  curious  condition  of  instable  etiuilibriuni  shown  by  the  very  cold 
water  in  tho  prec<>dlng  experiment,  may  be  reproduced  with  a  variety  of 
solutions  which  tend  to  crystallize  or  solidify,  but  in  wliicli  thai  change  is 
for  a  while  suspended,  Thus,  a  solution  of  crystallized  stjdium  sulphate 
In  Its  own  weight  of  warm  water,  left  to  cool  in  an  open  vrasel,  deposits  a 
large  quaatity  of  tho  salt  In  crystals.     If  the  warm  solution,  however, 


I 


*  T^Uft^d  hodleR,  when  coolpd  down  to  or  bolow  thrtr  fuplni^  point,  frrquvatlf 
mnln  lltpikl,  mnrc  PHpeclally  wh«a  not  In  oonfAct  with  BoHd  bodlrt.  Tnus,  wn' 
tan  ntWtnrc  of  nil  nf  nEmondH  Hjid  chlnraforni,  nf  spec  I  Ac  grnrlty  cquKl  to  It*  oh  n, 
reniAlnM  Jlriuld  to  — 10°;  In  n  HlmtJtir  mannrr  fuiod  Miilphur  or  ptiOKphnrun,  flouting 
In  n  Botutiun  of  rlnc  ohlnrlde  of  iipproprlatP  cnnrentrMlnn,  retiloi  the  liquid  con- 
dition it  tempernttirrii  40*^  hcloH'  Itit  fuKlnK  point  I^^iqi  Id  bodlri,  thu»  cooird  be- 
low tliolr  fuilni;  i>ntn(,  fr«quently  ftoHdlfy  whan  touched  with  %  ioJid  BubtitAnrr. 
InTMiifihlT  when  hrotiKht  In  contrtflt  wlth'n  frnemont  nf  the  BAmr  bmly  lo  the  solla 
iitAte.  A  body  thui  retHlnrd  in  tht-^^uUI  utnte  below  ItH  ord}nftry  •olldirytofif  point, 
fMMMJU  to  b^  iff  «  fM'0  af  turfut^ot^  or  *i4p«r/urtQn. 
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I  t^nii  il.isL;   u'lilch  when  (all  is  8«carely  corked  and  lel  ••Ida 

iaIs  will  Im<  ilepuKitcwi,  evun  al'Ur  uiivny  ilitys, 

'   ^ipX  Uik  ointciita  of  the  tUnii.  urv  violnuily 

t'll.v  tukva  (<Uoo  ill  a  vit>-  livautiful  uuu- 

,'tibly  wiirui.     Tliv  law  aliove  illu»trat«i 

4t:ii(.-riil.     WbfueTur  a  euliil   ln-<'uiiiL-ji  a 

:uuuuiit  uf  hwal  ili!>ai<puar»,  ur  Liii.'oiiies 

»M'  II.  .t^^j    a   Liquid  bvcximtsi  £uliii,  Uvat  U>  a  iMt- 

'■11  out. 

^tiiliiu   the  melting  points  of  several  snlmttuMiM, 

I  fiisiun  exprisiseil  in  grani-degrvpd — that  is  to  any, 

luuiii   headiHl  "  latent  heat"  di-noli.- the  uuiulier  of 

KTuus  lit  watvr,  itf  leiujwraturu  of  wliioh  woalcl  be  ralHed  1<^  centigrade 

Dj  the  uu&utity  of  heat  rei|iur»d  to  fuse  one  gram  of  the  several  isoliiis :— 


n-i 

la  tl,.    ■  .-■ 

h.,»  !   ■.  . 

lit-  :,.       .-. 
re>|.  .:.'!•  :1J 

-,1 


tUIUnii 

tataal 

Melttag 

LatCDl 

Sahttaaee. 

PolBl. 

U»t. 

Subttanec 

Point. 

Uisal. 

— :j')o 

2.^2 

Tin 

23iO 

14.25 

,.,.,,,                       , 

++» 

S.O 

f^ilver 

UKMI 

21.1 

mtdL 

333 

5.4 

Zinc 

433 

28.1 

p-     ■  ■  : 

115 
107 

!).4 
11.7 

CalciDDi  chloride  ) 

(Can,  (jii,n),    ; 

28.5 

4(1.7 

F  ' 

270 

1-3.  G 

I'utnssiuiii  uttrato    . 

33(1 

47.4 

PkLuiiiii 

320 

13.G 

Hudiuui  nitrate    .     . 

310.5 

U3.0 

1'  ""         I  Solid  siilistance  can  be  made  to  liquefy  by  a 

I  results,  from  sensible  heat  liecoiiiinu  Intent. 

;-i,..iiflo   mixtures.     When  nnow  or  powdered  ice 

lion  .<iall,  and  a  thermometer  plunged  into  the  mA»n,  the 
— 17.7°  C.  (<P  K.),  while  the  whole  after  a  short  time 
fluid   by  the  attraction   between  the  wafer  and  the  salt;  such  a 
I  II  very  ofltm  ii«wl  in  chemical    cxpi-riments  to  cool  receivers  and 
r  Die  rajMiri!  of  volatile  liquids.      I'owdered  crystnlliied  calcium 
t  aikil  snow  prixlucB  cold  enough  to  freeze  mercnry.    Even  jiowilered 
:          '■                 '       Muoniac,  or   ammonium  nitrate,  dissolved  in 
*Ue»,  ■•  !■>   depression  of  temperature  ;  in  every  case, 

'■■•'■■■■  - .J  unacconipauie<i  by  energetic  chemical  action, 

I M  traotHl  between  the  actual  melting  point  of  a  subistanoe 
Md  tta  latent  h««l  wlwn  iu  the  foaed  state. 


2.    Vni>i>r!intion  onrf  fomlrnmtion. 

A  li*  .  .f  <!cm  llv  the  Mme  kind  as  that  nliove  described  affcctg  nnivcrsally 
I).  '  H>n  ;  chnnpe  of  stale  from  solid  or  liqnid  to  pas  is  accom- 

(1:  ion  of  sensible  heat,  and  the  reverse  by  its  disengoge- 

tu  •  of  itl<<am  and  other  vBl>or§  may  lie  ascertained  by  a 

B"  iiiilar  to  that  employed  in  the  case  of  water. 

IxM  with  nn  equal  weipht  of  water  at  1(HK)C., 

U'  -  Ibe  mean  of  the  two  lempeMtures,  or  SlO  ; 

.. .....1,1  .if  Mirtiin  at  10<iO  c,  when  condensed 

■le  of  raisinj!  5.4  parts  of  the  latter  from 
T  throuch  a  rniiKc  of  lOOO  C.  Wow  \*W» 
X  ii  IX  ti»M»-.  nil-Mill  at  UXiOC.  in  Iweominj;  water  al  VIOjC. 

/irat  to  rnJev  a  wfight  of  nater  e(|uai  to  its  owt\  C\l  \% 
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were  poB8ibli>)  540O  of  tbe  thermometer,  or  540  times  its  own  weight  i 
water  one  dogrw.  When  wat«r  paiueH  into  steam  the  same  qusntitjr  ( 
senHible  Ileal  bi-coiues  latent. 

The  Tiipnrs  nf  other  liquids  seem  to  have  less  latent  heat  tlian  thalf 
water.     Tlie  following  talile  is  by  Dr.  Andrews,  of  Belfo&t,  and  sfrresw*! 
to  illustrate  thi.i  jioint.     The  latent  heats  are  expressed,  as   in  tlie 
table,  in  gram-degrees  : — 


Vapor  of  water 
"       aluohol 


ether 

oxaliA  ether 
acetic  ether 
ethylic  iodide     . 
wood  flpirit 
carlion  bisulphide 
tin  tetrachloride 
bromiuu 
oil  of  turpentine 


Latent  Heat. 

.  53r).0lKJ 
.  2112.40 
.  90.45 
.  72.72 
.  92.08 
.  46.87 
.  263.70 
.  8G.07 
.  30.36 
45.66 
.       74.03 


Boiling  or  Ebullition  is  occasioned  by  the  formation  of  hubbies  < 
TaiMir  within  the  Ixidy-of  the  evaporating  liquid,  which  rise  to  the  surfaes 
like  bubbles  of  iH>rnianeut  gas.  This  occurs  in  ililferent  liquids  at  very 
dilTcrent  t^-uiperntures.  Under  the  same  circumstances,  the  Iwiling  poi] 
is  quite  constant,  and  often  becomes  a  physical  character  of  great  import 
anoo  in  distinguishing  liquids  which  much  resemble  each  other.  A  fel 
oaaes  may  be  cited  in  illustration  : — 


Subatance. 

Boiling  Point. 

Aldehyde   .... 

20.80  c. 

(   69.40  F.) 

Ether           .... 

.       34.9 

(  94.8        ) 

Carbon  bisulphide 

46.1 

(116.4        ) 

Alcohol       .... 

78.4 

(173.1        ) 

Water         .... 

100 

(212           ) 

Nitric  acid,  strong 

120 

(248           ) 

Oil  of  turpentine 

157 

(314.6        ) 

Sulphuric  acid    . 

326.8 

(439.2        ) 

Mercury      .... 

350 

(662            ) 

For  ebullition  to  take  place,  it  Is  necessary  that  the  elasticity  of  tl 
vapor  slKiuld  lie  .iblo  to  overwjmo  the  cohesion  fif  the  liquid  and  the  pri 
sure  upon  its  surface ;  hence  the  extent  to  which  the  boiling  point  may 
mo<lill<vl. 

Water,  nnder  the  usual  pressure  of  the  atmosphere,  boils  at  ItXP  (21 
F.)  i  in  a  partially  exhaustixl  receiver,  or  on  a  muimtaiii-top,  it  Ixjils  at 
much   lower  temperature;  and  in  the  l«>st  vacuum  of 
**•  *•  air-pump,  over  oil  of  vitriol,  which   alisorlis  the  vapor,  it 

will  often  enter  into  violent  ebullition  while  itwis  in  the  act 
of  fonuio);  ii[)<m  tlie  surface. 

On  the  other  hand,  water  confined   in  a  very  strong  mi 
tallic  vessel  may  be  restrained  from  Ixiiling  by  the  prt«su: 
of  its  own  vajMir  to  an  almost  unlimited  extent ;  a  tem 
rature  of  ITJO  or  204O  is  very  easily  ohtnini-d,  and,  in  fiict,^ 
it  is  said  that  water  may  be  made  red-hot,  and  yet  retain 
Its  liquidity. 

There  is  a  very  simple  and  beautiful  experiment  illus- 
trative of  tiieeffecl  of  iliminished  pr(<ssurc  in  lowering  the 


aci 
ict,:V 
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Uiritiic  iKunt  lit  .1  tkiiiiil.     A  little  wnt<,T  i»  made  to  tx>il  for  •  tew  miuates 

'  '1  oTi.<r  a  Xnmy,  until  tlie  air  has  iH.en  cliiupil  nut, 

i.'cly  frutii  llic  Urck.     A  liglilly-lltliiij!  wirk  Ih  tlii-n 

1.  uiil  Uic  luutji  :it  tliesoiue  mumeiit  witb<lr:ivru.     Wln'ti  tli«  boiling 

it   may  Iw  rviK'w<«l  at  plciuiuru  fur  a  r<>iisi<|prulilr<  tiiut*  liy  |H>uriii|; 

i  tiiv  Biuik,  ISO  )w  tu  Ltiuilvunu  tUe  vB[ior  witbiu,  and  ociasiou  a 

lU. 

..r  11...  > ,  ,,>,i:l,  or,  rather,  the  state  of  its  surface,  ezercisi-s  an 
ling  poiut,  ami  this  to  a  much  greater  fxtont  than 
i       It  lion  lung  boen  notitv<i  that  in  a  metallic  vcsuel 
r    tiie  Brtiiio  •■ircumiitaiiuea  of  pressure,  at  a  temperature 
~   IxOnw   that  at  which  ebnilitiuii  takes  place  in  gls«a ; 
li4l  \ty  ji!i<  Liruliir  in    nij-  in.  lit  a  much   greater  difference  can  be  olwerved. 
ir  two  similar  gl;is-    l!  .-i:'  I.e  taken,  the  one  coate<l  in  the  insiilu  with  a 
flmof  r'    ■'  I  liie  (iiiii-r  completely  cleansed  by  hot  sulphnric  acid, 

vatcT  h  I  lamp  in  the  first  will  IkjII  at  'J0.4C',  while  iu  the  second 

It  vBI  <•'  lOiO  (ir  even  higher  ;  a  momentary  hnrst  of  vapor  then 

*ataat,  hermometer   sinks   a    few    degrees,   after  which    it   risi-s 

*CMlii.      I  >te,  the  introduction  of  a  few  metallic  tilings,  or  angular 

(ngnitxita  c><  any  kind,  oocaaiong  a  lively  disengagement  of  vapor,  while 
llw  iTnpcrature   ninka    to    11X)0,  and    there    remains    stationary.     These 
!le<.'ts  must  be  attribatud  to  an  attraction  betwevn  the  surface 
IE  md  the  liquid. 

^^_^''  of  contact  with  solid  brxlies,  liqaida  not  only  solidify  with 

^^Bi'  it  also  assume  the  gaseous  condition  with  greater  diffiiiilly. 

^^Bl'  "  "r  nf  aqiji-ous  saline  solutions   floating  on  the  contact-sur- 

^^Br>  .of  which  one  is  heavier  and  the  other  lighter,  may  be 

Bm  jo  degreea  al>ov«  tho  ordinary  boiling  point;  explosive 

pl<aiiiuun,  bowvrer,  is  ioBtaulaneously  indnoed  by  contact  with  a  solid 
•ntirt^m-w, 

!  I  io  inch  of  water  in  becoming  steam  under  the  ordinary  pressure 

.!in<Mipherr<  expands  into  1606  cubio  inchee,  or  nearly  a  cubic  foot. 

.-i»«jii  '      ,iirT.  is  alTeoted  by  heal  in  the  same  manner  aa 

lfc»  ptfi^  ..  of  expansion  and  increase  of  elastic  force  are 

•■is'loali.-    .;.-    -.....■  .      ..  ...  11  water    is    present,  the   rise  of  temperature 

isernaiMs   Ui9  quantity  and  density  of  the  steam,  and   hence  the  vlastio 

incsreasex  in  a  far  more  rapid  proportion. 

TVto  f'LaaUc  fonip  of  steam  in  contact  with  water,  at  different  lempera- 

hn*    >»r-n    very  carefully  deteruiined    by  Arago    and    l>ulong,  and 

mil  Kegn.-inlt.     Tho   force  is  expressed  in  atmnsphen-s  ; 

•lire   npnn   any  given   surface   can  Ik-  easily  lalcnlafed, 

•  I'.,  pirr  siinare  inch  to  each   atmosphere.     The  exjieriments 

"l  In  twenty-five  atmospheres — nt  which    point   the  difficulties 

t  iHHvame  so  great  uM  to  put  a  stop  to  the  inquiry ;    the  rest  of 

Ui»  taUe  li  Ike  result  of  calcalationa  founded  on  the  data  so  obtained  : — 


4 


~^*T9  ef  Sl«4in 
lAliaoapkerM 

1 

t 

S 
3.S 

4 


Corretponiling 
Temjrcraturc. 


HXIO  r. 

112 

122 

I2a 

13.'. 

Ho.S 

14-.. D 

Hit 

153 


2120  F. 

2.":i.i; 

2.M.I! 

2(!4.2 

275 

2H 

2'.I3.'J 

3(Ki.2 

307.4 


Presnure  of  Steam 
Id  Atmoapherea. 

6 

6.5 

7 

7.5 

8 

9 
10 
11 


t'orreaponillng 
Tcmperiilure. 


107-  C. 
Kill 
1«3 
167 

len 

172 
177 
].«2 
186 


S14.ii 

320 

325.4 

332.4 

336.2 

341.6 

360.6 

300.6 
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Preuure  o!  Slrrnn        CorreipoDdlog 

Pmiurc  or  .Steam       Corretpondlnf 

in  Atmoa|>lierei 

Teiii|i«raturc. 

in  AUuoiptierei. 

Tem 

i'vrature. 

12 

li)(PC. 

3740  F. 

•in 

219-  C. 

426.;j3 

13 

liti 

361.2 

23 

222 

431.6 

U 

197 

38(j.(i 

24 

•224 

435.2 

15 

200.5 

3it2.9 

25 

226 

438.8 

16 

203 

3il7.4 

30 

236 

456.S 

17 

207 

404.U 

35 

245 

473 

18 

209 

40S.2 

40 

253 

487.4 

19 

212 

413.ti 

45 

255 

491 

20 

214 

417.2 

50 

266 

510.S 

21 

217 

422.0 

It  ia  vary  intertsiting  to  know  tlut  amount  of  lieat  rtHjuisitc  to  oonr^ 
water  i>f  any  given   t<^iiipi-raturi.-  into  steam  of  the  same  or  another  giv 
temperaturi.'.      The   niiwl  exact  experiiuenls  on  tliis   subjeet  have 
made  by  UegnauU.     lie  arrive<l  at  thid  n^ult,  that  when  the  unit-weig 
of  atuam  at  the  teuiperatnru  lO  is  converted  into  water  of  the  HaiuH  lemg 
rature,  and  then  eut)led  to  t>0,  it  gives  out  the  quantity  of  heat  T,  wl 
ill  reprudtfuted  by  the  furiuulu  : — 

r=  0OG.5  + 0.305  f. 

This  formula  appears  to  hold  good  for  temperatures  lx>th  above 
below  the  ordinary  Uiiling  jxiint  of  water.     The  following  table  give* 
values  of   T,  oorrespuuding  to  the  respecUvu   t«iux>eraturu8  in  tba 
ooluiuu  :— 

I  T 

00  606.50 

60  C21.7 

100  637.0 

150  652.2 

200  667.5 

T  is  called  the  total   heat  nf  steam,  Iwing  the   heat  required  to  ra 

water  from  (lO  to  t,  together  with  that  which  U'comes  latent  by  the  1         

fonualiou  <>f  water  at  fO  hito  xteum  at  lO.  R<'gnanlt  static,  as  a  result  nf 
some  very  deltcjite  experiments,  that  the  heat  necessary  l<i  raise  a  unit- 
weight  of  water  from  *^  (o  fO  is  not  exactly  denoted  by  /;  the  discrepancy, 
however,  is  so  small  that  it  may  be  disregardwl.  Employing  the  approxi- 
mate value,  the  latent  heat  of  steam,  /.,  at  any  temperature  will  bv  fou 
by  aubtrauting  t  from  the  total  heat ;  or,  according  to  the  fonuula: — 

£  =  606.5  —  0.G95  r. 

This  eqaation  shows  ns  the  remarkable  fact  that  the  latent  heat  1 
(team  diminishes  as  the  temperature  ris<^.  Before  Regnault'e  experimen 
were  miule,  two  laws  of  great  simplicity  were  generally  admitted,  one 
which,  however,  <«ntradicti'<l  the  oilier.  Watt  conclu<hvi,  from  (>xpel{ 
ments  of  his  own,  as  well  as  from  tbwrttical  speculalions,  that  the  tob 
heat  of  steam  would  be  the  sauie  at  all  leniperatures.  Were  this  trae^ 
equal  weights  of  steam  paused  into  «'old  water  would  always  exhibit  the 
same  heating  jKiwer,  no  matter  what  Ibe  temperature  of  the  steam  might 
be.  Exactly  the  same  nhxnlntr  amount  of  bent,  and  omseqneiitly  the  same 
quantity  of  fuel,  would  be  reiiuiriKl  to  evnpirate  a  given  weight  of  water 
in  iwM/i  at  a  tiMiiperalurewliicli  the  band  tiiii  lioar,  or  nmler  great  pressnre 
and  at  a  high  temperature.  Watt's  law,  though  agreeing  well  with  the 
rough  practieal  results  obtained  by  engineers,  is  only  approximately  true; 
•and  the  same  may  be  said  of  the  deductions  which  have  just  l>een  made 
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Ti..,  ^.....,,,1   Viw,  in  opptwition  to  Walt's,  ia  that  of  Southt'rn, 

(  stritni  to  U>  the  «aini'  at  all  l<-iui»'rutui'i«.     K<<(C- 

sliown  that  u«itbrr  Walt's  law  (ycoiuloiit)  uor 

(.lilt)  ia  oorrect. 

1     <''>i8  nf  distillation  u  T(>r)rsimplo;  ita  object  ia  rither 

ii»^  wliiiO)  riRi-  in  vapor  at  'lifTiT^'nt  tirniiwratanit,  or  to 

liil  firun  a  rahstanoe  inrapablu  of  vnlatiliiation.     Tlie 

ttmc  process  applied  to  l<odi««  w)iirh  paan  cUrectl/  from  Iho  aolid  to  tlm 

rig.  M. 


•  •  hf  Trvvne,  in  called  tultliimUiun.     Every  ilintiltatoiy 

.  liallv  <if  n  boiltr,  in  whirli  tin-  va|M)r  in  rained,  and 

•'1  0  nitiii.ti"<r.  Ml  «  111.  h  II  rKtiiniH  to  tlie  liquid  nr  solid  t'ondillon.     Jn  the 

001  <B}do]red  for  tuonufacturiug  pnrpostig,  tUo  latter  in  uauall/  a  spiral 

Tig.  37. 


o^il  ttiK-  i^lIt>t•r»^.^  in  a  tab  of  watrr.     Tb»  coijinmn  retort  and  receWor 

Mrraagmfitt  (or  tliKtillalion  irn  the  smalt  Male; 

.  ..'*i  /Map,  *nd  the  nioritrr  is  kt-pt  oool,  l( 

,  ^  a  iTM  eAlJ:.  c-t  it  majr  be  earroaaded  with  ict  (flg.  26). 


60 


BEAT 


Liebig's  condenser  (fig.  27)  is  a  very  valoable  instrament  in  the  lah 
tory  ;  it  consists  of  a  glass  tube  tapering  from  vnil  to  .•ml,  txvti  by  p^r 
lorutecl  oorks  in  the  centre  of  a  metal  pipe,  providetl  with  Iu1k«  so  arriuiget 
that  a  current  of  cold  water  may  eiroulalu  through  the  apparatus.  Bl 
putting  ice  into  the  little  cistern,  the  walur  may  U<  kept  at  (JO,  atid  uz 
treniely  volatile  liquids  uuudeosed. 

Teiution  uf  y'a/iart. — Liquids  evaporate  at  temperatures  below  their  hM 
ing  (Kiints;  in  this  ease  the  evaporation  takes  place  slowly  from  the  sur 
fae«.  Water,  or  alcohol,  exposed  in  an  open  vessel  at  the  temperature  ol 
the  air,  gradually  disappears ;  the  more  rapidly,  the  warmer  and  drier  tUi 
air. 

This  fact  was  formerly  explained  by  supposing  that  air  and  gases  Ij 
general  had  the  power  of  dissolving  and  holding  in  solution  eertain  qaanti 
ties  of  liquids,  and  that  this  power  increased  with  the  temperature  ;  guct 
an  idea  is  in<xirrei:t. 

If  H  liarunieler-tubo  lie  carefully  filled  with  mercury  and  inverted  in  th( 
usu^il  manner,  and  then  a  few  drops  of  water  passed  up  the  tube  into  th< 
variiuiu  alxve,  a  very  r<  iiiarkaUle  effect  will  lie  oliserved — the  niercurj 
will  lie  depressed  to  a  small  extent,  and  this  depression  will  increase  will 
increa-ie  of  temperature.  Now,  as  the  space  above  the  mercury  is  voit 
of  air,  and  llie  weight  of  the  few  drops  of  water  quite  inadequate  to  acooun 
for  this  di'preshion,  it  must  of  necessity  hv  ini]itite<l  to  the  va|>or  which  in 
stantaneousir  rises  from  the  water  into  the  vacuum  ;  and  that  Ibis  effect  li 
really  due  to  the  eljistii'ity  of  the  aqui-ous  vapor,  is  easily  proved  by  ex 
pi>siut;  the  barometer  to  a  heat  of  llKK-,  when  tlie  depression  M 
Fig.  88.  tlje  mercury  will  be  complete,  and  it  will  sinnd  at  the  sami 
„  level  within  and  without  the  tulw;  indicating  that  at  that  tem 

peralure  the  elastiulty  of  the  vajwr  is  equal  to  that  of  the  atmo 
spheri> — a  fact  which  the  phenomenon  of  ebullition  haa  already 
sliown. 

By  placing  over  the  barometer  a  wide  open  tube  dipping  int 
the  mercury  Mow  (fig.  2S),  and  tluii  lillitig  this  tube  wit] 
water  at  different  temperatun-s,  the  tension  of  the  aqneoua  vt 
prir  for  each  ib-gree  of  the  llierniometer  may  be  accurately  d« 
termined  by  its  depressing  effect  upon  Ibe  mercurial  (vlumn 
the  satne  jnjwer  which  forced  tile  liiller  timrii  one  inojj  agaius 
the  prt^sure  of  tlm  atuuisphcre,  would  of  ttinrse  rhrate  a  columi 
of  mercnry  to  the  Haiue  height  against  a  vacuum,  and  ill  tbi 
way  the  tension  may  l»e  conveniently  exprcBswi.  The  foUowiui 
table  was  drawn  up  by  Dalton,  to  whom  we  owe  the  method  o 
investigation : — 


Tension  In 

TrnaloD  in 

Temperature. 

inclie>  of 

Temperature. 

Inches  of 

C. 

F. 

mercury  . 

C. 

r. 

mercury. 

OO 

320 

o.ax> 

.'54.40 

nco 

4.34 

4.4 

40 

0.2H3 

60 

140 

5.74 

10 

50 

0.375 

6^.R 

IfiO 

7.42 

15.5 

60 

0..'-.24 

71.1 

160 

9.46 

21.1 

70 

0.721 

76.6 

170 

12.13 

26.6 

80 

l.OOO 

82.2 

180 

15.15 

32.2 

DO 

1.360 

87.7 

190 

19.00 

37.7 

100 

1.860 

93.3 

200 

Z3.64 

43.3 

110 

2.. 130 

100 

212 

30.00    ■ 

48.9 

120 

3.330 

1 

.Another  table  representing  the  tension  of  the  vapor  of  water, 
drawn  up  hv  Re^nanK,  is  given  in  the  Appendix  to  this  work. 
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Cnhez  liqulila  trim!  In  this  muiQer  are  found  to  nuiit 

Ti[Hirg  of  gr<!jit4-r  or  li»s  tvasioii,  lur  tlu-  sain*'  irmpcra- 

ino,   HixKinlliiK  I"  lliiiir  •lilTcrunt  (U-grniii  nf  vulnhlity; 

'  ■     ,  (1  into  HiH  tiilif  il   ;  "i^ 

I   til"  ordinary  ■  .■■ 

..■.,..•..  iliH  other  liaiiil,  il<i. ^  .  mit 

»:i  'itv  of  vn|M)r  until  a  much  gn'titcr  heat 

!•    ,  ,  ;  hat  given  oir  by  mercury  itself  in  warm 

(omiuKr  woolber.  although  it  may  he  detected   hy  very 
Hrlir-atf  Tu<-aiu.,  i*  far  t*)0  little  to  exercise  any  effect  ujMtn 
■  T.     in  the  ease  of  water,  the  evnjwrntion  is 
1  and  perceptible  at  the  luwest  temperatures 
to  (olid  ice  in  the  barometer  tnlie;  snow  on 
•  ir  on  a  liou^etop,  may  otteu  \tv  noticed  to 
....  the  saiue  cnunx,  day  by  day  in  the  depth  of 
hen  ntelting  is  ini|ins8ible. 

exists  for  each  vapor  a  state  of  density  whicli  it 
without  losing  its  gaseong  condilinn,  and  be- 
tiqiiid  ,    this   is  colled  the  eonjition  of  mitj-imiiia 
'f,     Whoti  s  volatile  liquid  is  intrwluc^  in  sulH- 
t  quuitity  into  a  vacuum,  this  cttndition  is  nlwnys 
■'    '1  evajioralion  ceas<.>8.      Any  attempt  to 
v  of  this  vajKir  by  oorapressinj:  it  intoa 
£,  ..  -i  lie  attended  by  the  li<iuefactiou  of  a  |>or- 

lensity  of  the  remainder  bning  uncliiuiged.  If  a 
W  introduced  iuton  barometer,  and  the  latter 
nlc  into  a  very  deep  cistern  of  mercury  (fig.  2!<), 
found  that  the  height  of  the  column  of  mercury 
that  in  the  cistern  remains  unaltered 
\treniity  of  the  barometer  approaches 
.  •■  .1  I  rj  •  metal  in  the  column,  and  all  the  ether 
lie  liquid.  It  will  l>eoliserve<l  also,  that,  as  the 
ika,  the  stratum  of  liquid  ether  increases  in  thick- 
beM,  trot  DO  increase  of  elastic  force  orcurs  in  the  vajior 
lUnrx  it,  and  or;ns(<qaeutly,  no  increase  of  density ;  for 
loiloD  and  density  are  always,  under  ordinary  circum- 
•lannp*  ml  Ifvmt,  diri>ri1y  pro|K)rliouate  to  eai^h  other, 

lyof  vapor8)«d<-pendentujKin  Ihe 
1  uses   rapidly  as   the  tem])ernture 

'T!i  ill  the  cose  of  water.     'Dius,  taking  the  spao. 
.    -,1   lIKlOss  l(M»fl,    that  of   aqueous   vapor  in  its 
,  )     -iMii  fdr  the  temperature  will  hv  as  follows: — 


t..'— .. 


Temperature. 
€X 

00 
10 
IM 
37.7 
«6.5 
100 


F. 

320 

50 

60 
lOO 
1.50 
212 


SpeelBo  Oravtly. 

e.GflO 

10.293 

14.108 

4«i..500 

170.293 

620.000 


Weight  oflOOOublo 
Inohva. 
0.13ti  grains. 
0.247      " 
0.338      " 
1.113      " 
4.076      " 
14.962     ■• 


•••Uiii 

■fpT^, 


Uu'  j 


'^•r  was  pxpcrimpntatly  found  by  Oay-Lussao:  the  other* 

•in  that  liv  the  aid  nf"  Dttlton's  table  of  tensions,  on  the 

:,  not"  ill  a  state  of  saturation,  that  is  In-low  the  point 

■  ys  Boyle's  law  Cwhicti   is,  how.-ver,  only  approxi- 

iu'l  ibal  when  it  is  ixkiIihI  it  vootrocta  like  the  permaueul 
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ThnB,  there  are  two  cltBtinot  methods  by  whicli  n  viifwir  may  be  i 
to  tli<!  li(juid  form — jiramrt,  hy  causing  increasit  of  dviiKity  until  the  point 
of  tuaxiiiiuiu  drusit^'  lor  a  given  traipvraturc  i»  reached  ;  aud  coU,  hy  wUieh 
the  point  of  niaxiuium  density  ia  itself  lowered.     The  moat  powerful  < 
are  produced  when  lK>th  are  conjoined. 

For  example,  if  IIHJ  cubic  inches  of  vapor  of  water  at  37. 7^  C.  (lOtW  ] 
in  the  state  above  dea€ril)ed,  had  ita  teuiperalure  r«luoed  to  lOO  C.  (5(IOF.)| 
not  K«a  than  U.89*  grain  of  liquid  water  would  neteaaarily  separate,  or  v« 
nearly  eight-tenths  of  the  whole. 

Kva]Kiration  into  a  space  filled  with  air  or  gas  follows  the  same  la« 
cvai><»ratiim  into  a  vacuum  ;  as  much  vapor  ri»i-s,  and  the  oonditiou  of 
uiaxinium  deu-sity  i»  assumed  in  the  saiue  manner,  as  if  the  space  were 
perfectly  empty  ;  the  sole  dilTereuce  lies  iu  the  length  of  time  required. 
When  a  liquid  evaporates  into  a  vacuum,  the  point  of  greatest  density  ia 
Bttaine<l  at  oiiw,  while  in  the  other  ca.se  some  time  elapses  Iwfore  this  hap- 
pens; the  particles  of  air  appear  lo  o|)po»e  a  sort  of  mechanical  resistance 
to  the  rise  of  tbe  vapor.  The  ultimate  eU'ect  is,  however,  prucisely  tUa 
same. 

When  to  a  quantity  of  perfectly  dry  gas  omfined  in  a  vessel  closed  b/ 
mercury,  a  little  water  is  ailded,  the  latter  immediately  In-gins  to  evaporate, 
aud  after  some  time  as  much  vap<ir  will  he  found  to  have  risen  from  it  a» 
if  no  gas  had  Inh-u  pri-sent,  tbe  quantity  liepeiidiug  entirely  on  tlie  temiM>ra- 
ture  to  which  the  whole  is  sulijected.  The  tension  of  this  vajKir  will  add 
itself  to  that  of  the  gas,  and  prinlucu  an  exjmn.sion  of  volume,  which  will 
be  indicated  by  an  alteration  of  level  in  the  mercury. 

Vapor  of  water  exists  in  the  atmosphere  at  uU  times,  and  In  all  situations, 
and  there  plays  a  moat  important  part  in  the  economy  of  nature.  Tha 
projKirtiou  of  nijUeous  vajxir  present  iu  the  air  is  subject  to  great  variation, 
and  it  often  becomes  important  to  determine  its  quantity.  This  ia  ewlly 
done  hy  the  aid  of  the  foregoing  principles. 

Dac-iminl. — If  tho  aqueoiu  vajwr  ho  in  it.s  condition  of  greatest  posaibis 
density  for  the  temperature,  or,  as  it  is  fre<ineiitly  hut  most  incorrectly 
exjiressifl,  the  air  be  saturated  with  vapor  of  water,  the  slightest  mluctiou 
of  temperature  will  cause  the  deposition  of  a  ]xirtii>n  in  tho  liquid  form. 
If,  on  tho  contrary,  as  is  almost  always  in  reality  tho  case,  tho  vapor  of 
water  be  Mow  its  state  of  maximum  density,  that  is,  in  an  expanded  con- 
dition, it  is  clear  that  a  considerable  fall  of  temperature  may  wcur  before 
liquefaction  wmniences.  The  degree  at  which  this  takes  jilace  is  called 
the  dew-point,  and  it  is  detennine<i  witli  great  facility  by  a  very  simple 
method.  A  little  cup  of  thin  tin-plate  or  silver,  well  [>olisheil,  is  filled  with 
water  of  the  temperature  of  the  air,  and  a  delicate  llu'rmometer  ia  inserted. 
The  water  is  then  cooled  by  <Irepping  in  fragments  of  ice,  or  dissolving  in 
it  powdered  anl-auiiiioniae,  until  moisture  begins  to  make  its  np|H>arano« 
on  the  outside,  diuuning  the  bright  metallic  surface.  Tl>e  temperature  of 
the  dew-point  ia  then  read  off  upon  tho  thermometer,  and  compared  with 
that  of  the  air. 

Sujipoae,  byway  of  example,  that  the  latter  were  21. 1°  C.  (70©  p.),  and 
the  deff-jKiint  lOO  C.  (TiOO  F.),  the  elasticity  of  the  watery  vapor  present 
woiibl  c<irri-siHinil  to  a  maximum  densitv  proper  to  KO  f".  (5t<)  p.),  and 
would  support  a  column  of  mercnry  0.37.")  inch  high.  If  the  barometer 
on  the  spot  stood  at  ,11)  inches,  therefore,  29.()25  ini-hes  would  lx>  supported 
by  the  pressure  of  the  dry  air,  and  the  remaining  0.375  inch  hy  the  rapor. 
Now,  a  cnbic  foot  of  such  a  mixture  must  Iw  looked  upon  as  made  op  of  a 
CDbic  foot  of  dry  air,  and  a  cubic  foot  of  watery  vapor,  occupying  the  some 

•  100  euh.  Inch.  s<iiieniii  vii|ior  at  100°  F..  weiclilne  1  1  la  grain,  wotltd  at  VIP  F. 
become  reduced  lo  ai  07  cub  Inch.,  wciglilug  0.221  gram. 
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»|uiri>.  Hiiil  li.n  iirj^  li'ii^iims  indicated  by  thi;  nunilwrs  jn.it  mentioned.    A 
cul  iiiiihiw,  of  v»p«r  at  7'!'^  V.  woilIiI  In'itoiiim  rc<lii<;ed 

^^  .:  10  tliiMi^iial  law,  to  llJl(2.h  i-uliii:  iiu'hcB  m  ilio  K.; 

.  I  uuuU  in:  lil  its  muxiuum  dousit/,  having  tlic  speviUv  gmrity 
>>ul   III   llit<  tulilf :  bcuw,  Ib'iJli.tS  culiic  iUitUes  wuulil  weigh  4.11 
jriiin.      Tlir  «i«'ij;til  of  llu'  »llUL•uu^  vajmr  cuutiiiiiud  in  a  uiibic  f<Hil  of  air 
•  ill  thus  b<'  osi.'vTtiiiutHl.     Ill  lliLs  I'otiiitry  tin' (lilTeri^iicu  bi-twi-i'u  tin!  titu- 

(•■ri'" '  'li.'  air  auJ   the  dew-poiut   :i<.'lduiu  rtuohes   IG.IJO  C  (yUO  K.); 

lu;  ' .OCAU,  with   ft  tcuijii-rat ur«  o(  IJ*.20  (,'.  (!H)0  p.),  ih,.  linw- 

pt, (  -  loir  od  —  1.7'-'  C.  (iJyo  y.),  makiug  the  degreea  of  dr/iicBs 

I  ■  of  G<t*M. — The  jM-rfect  resumbUnce  in  every  respect  wliicU 

•t'^i  tu  pi-niiniii-iit   (;nsi<8,  led,  very  naturally,  to  the  idea  that  the 

.  L'ht.  by  the  appliiration  of  suitable  means,  be  uiaile  to  a^Huiue  the 

'      and  this  surmise  has  b<H«n  verine<i  to  a  great  extent  by  the 

'I   Faraday.     Out  of  the  ainall   nuinl>.<r  of  Bin-li   Bulistntieeit 

r  than  eight  gave  way  ;  and  it  is  i^uite  fair  to  infer  that,  had 

ient  power  been  at  hand,  the  rest  would  have  shared  the 

'I   proved   to   be  nothing   more   than   the   vapors  of  volatile 

II  n  slat^  very  far  removinl  from  that  nf  their  maximum  density. 

.    jiiuiHi  table  represents  the  r*«nlt»  of  Karailay's  (Irsl  inveutigations, 

>iili  the  preoHiire  in  almusphuru*,  uid  the  teuperaturea  at  which  the  oon- 

dwuation  lak'-*s  pUoe. 


ijihiile 
lie 


H 

C'.. 

nUoriUe 
Kitrog«t>  mnnuxide 

Ammonia 
HydrocUlorip  acid 

„iK.vi  .,r 


Atmoapherei, 

.       2 

.  17 

.  3ii 
4 

.  50 
.       3.G 
.       6,5 

.  40 


Temperaturrt. 

C. 

K. 

7.20 

4J0 

10 

5(1 

U 

315 

15.5 

GO 

7.a 

45 

7.3 

45 

10 

60 

10 

50 

)6 


11...  m„iK.vi.,r  i.if.,  ...nling  was  Tory  simple:  the  materials  were  sealed 
l>e,  together  with  a  little  pressure-gauge,  eousist- 
■  -i<l  at  one 
•aj,  aii.i    UiiTiuK   within    it,    near  Ftp.  M. 

Ill-  ••[-  n  KZtreniity,  a  globule  of 
The  gaa    lining   diseu- 
}|<^■t.  acruroulated  in  the 
br    its    own    pressure 
(■Hit  condensation.     The 
•  ■1  fnr  flti..  niirjiose  was 

I  lion  of  volume  of  the  air  in  the  gange. 

L'reen  glaw  tubes  of  great  stn'ngth,  jiowerful  ron- 

iiel  an  exiremely  low  temperature,  prodnce<I  by  menus 

r|li..il,  oleflant  gas,  liydriodic  and   liydrobromio  aeiils, 

I.  and  the  gasenus  Huorides  of  gilieon  and  lioriin 

1.     Oxyjfen,  hydrogen,  nitrogen,  nitrogen  ilioxiile, 

iiarnli  g.-is,  ri'fnsert   lo  liquefy  even  at  —  llliOf. 

Iwl  lopi,.ii?ure.i  varying  from  27<o5Salini'inphere». 

■'.I    more  reeently.  M.   Thilorler,  of   Paris,   sniv 

i"in  dioxide  (emnmnnly  ('iilleil  carWinic  acid) 

'  r's  apparatus  (flg.  31)  consists  of  a  pair  ot 

I  0»»l»l'.  IntfodueUon  toChemteul  Pbtlotophy,  p,  ML 
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extremely  Btrong  mptallic  vessels,  one  of  which  ta  deslineil  to  nerve 
purpins".'  of  a   retiirl,  ninl   tlie  other   timt  of  a   receiver.     They  »re 
cither  (if  tliiek   rjift-iron  or  guu-iuetttl,  or,  still   liettrr,   of   tlie   tH.-st 
heaviest  txiiliT-pliite.,  and  nre  lurnished  with  Btop-oxtki)  of  a  pei-uiiar  kll 
the  workiiiaiishi|i  of  wliiih  niuist  lie  exeelleiil.     Tlie  geueratiiig  veoeel 
retort  hnii  a  pair  of  triinuious  opon  which   it  swings  in  aji  irou   tnn 
The  joint!)  are  aecureil  hy  collnrn  of  leail,  and  every  preejiution  \a  tak«nj 
prevent  leakage  under  the  enormous  pressure  the  vessel  liiu<  to  Iwar. 
receiver  riweiiilili-s  the  retort  in  every  respeet  ;  it  has  a  similar  •«lo|>-e«.i« 
and   is   oimneeted  with   the  retort   l>y  a  strong  copper  tulw  and  a  pair 
nni<m  screw-jointx  ;  a  tube  ])ai>»es  from  the  stop-cock  dowowarda,  and  I 
minst«s  near  the  bottom  of  tin*  vessel. 

Fig.  SI. 


The  operation  is  thus  condiietwl  :  2J  lb.  of  aciri  <•  '■ - 

61  lb.  of  water  at  38°  C.  (UMi.4  K.),  are  intr.Hliio.'<l 

of  vitriol  to  (he  amount  of  IJ  lb.  in  |«iiired  into  a  n'l ; 

which  is  lowereii  down  into  the  mixtun',  and  set  upright  ;  Ihr 

then  sor«-wi'd   into  ils  plaee,  and   foro-d  home  by  B  epanuvr 

The  mn4<hine  ih  next  tilted  up  on  it«  trunulons,  that  the  acid  uia,v  ruu  < 

of  tlie  vyiiiider  and  mix  with  the  other  iinilxnUof  Ibn  generator  ;  mmIJ 

mixture  ii  favored   by  svi 

few  uiinutiia,  after  whiili 

Tl.. •■     -..r ' 

nii'l 
Ih. 
nl.. 
th. 

emvil,  1 1 
Ottt.      Th'  II  tiiiisl   |..  livn  or  cix   tini. 


iiiieet-xl,  the  eoeic  ot  il 
tpe  ;   and.  Ti"*!!  v,  *tt\w 
il^i  If  l«  "  'ilid   till'  •oiUiiu. 
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.antitj-  of  Iiqti<>fi»]  larlmu  dioxide  will  hare  acoumoUtt^l  lo 
W|i..ri  flif  rriyiviT  thus  cliaxj;!;!!  luu  il»  HUiixtn-k  vpfiitM,  s 
fciri'ilily  drit'i:a  up  tliu  lubo  hy  tb«  elaDlicitjr  of  ttio 
[<ji*!r  jtart  of  llie  v«'»aHU 

pcrtional  dauber  iu  using  Uiut  apiuualug, 
II  ilD  uuinit^i'iui'iit.     A  lirvadful  iwridi'iil 
■•<«i*<r  •  of  on*.'  of  llic  irou  vi^st'U. 

Liqii  ''y  fri^juvullv  prepaivd  by  luvuis  of  An 

II  Till.  i.r,  of  V'icuua,  wliicli   ''Uables  tliv  t^xixsri- 

'  <rork  with   ii-ss  risli.     The  ga»,  disviiga^cd  by  iuuiin«  of  sul- 

fn>m  «cid  }iot:uM)ium  carbonate,  is  puiupt^d  by  muans  of  a  forrv- 

i  -t   wrouglit-iroii  vitissel,  exactly  as  the  air  is  puuiped  iiit<)  the 

'  n  air-gun.     WUpu  a  C4.>rtain  pressure  has  lnvn  reacluil,  tbe  gna 

I  the  pressure  In;  continued  ixiiisiderable  quantities  of  the 

xidc  may  be  thus  obtaiue<l.     By  thjfi  apparatus,  nitrous 

' ..  ,.uudeuB«d  to  a  liquid  nrithout  tbe  use  of  frigurilic  mistures. 

^'aporisfiiion  of  Liquids  urufer  Great  PrfMuru. — When  the  tem- 

I  a  liquid  is  raise<l  sufficiently  high,  vaporization  occurs  under 

>•  pressure  to  which  the  sulKtance  can   be  subjected.     Alcohol, 

etlici,  tit  riK'k  oil,  incl>«eil  in  a  tulie  at  strong  glass  or  iron,  is  completely 

<»ov«Tt«^   into  vajKir,  only  when  the  spaiv  not  occupierl  by  the  liquid  is 

Maaewhat  greater  tlmn  the  volume  of  the  liqiiiil  itself.     With  rock  oil  the 

mpt/  ({•aw  uiny  U'  somewhat  KUinller  than  with  alcohol,  and  with  ether 

■MUl  1«M.     Almhol  when  IIiuh  he.it<*il  ncijnires  increased  mobility,  expands 

ih  Ivies  its  originni  vulnme,  and  is  then  tpuiblenly  converted  into  vui)or. 

nhU  change  takes  place  at  1207°  C.  (4(>4.tiO  K.),  when  the  alcohol  occupies 

Jn«t  half  tbe  volume  of  the  tul)e  ;  if  tlie  tube  is  more  thitn  half  lilbil  with 

»lf"ihol,  it   hursts  when  heated.     \  gloss  tul)e  one-third  filletl  with  water 

when   heatwl,   and  Viursts  after  a  few  seconds.     If  this 

f  the  water  on  the  gloss  be  diminished  by  the  addition  of 

immtB'  of  s<jda,  the  transparency  of  the  glass  will  be  much  less 

HHft-r  the  *paee  ocrupie<l  by  the  water  Iw  \  of  the  whole  tube, 

HHqu converti'd  into  vapor  at  about  the  temperature  of  melt- 

■l  liue.     Tillage  iilservations  were  made  by  C'agnianl  de  Latour  in  1822- 
KjaUke  manner  Dr.   Andrews  has   observed   that,  when   liquid  carlion 
I^Bv  Is  gradually  heated  in  a  sealed  tub<-  to  31^,  the  surface  of  ilemnr- 
^^^■W<* *•■<■»  the  liquid  and  gas  l>ecomes  fainter,  lusi-s  its  curvature,  and 
^^^H  it*.     The  space  is  then  occupied  by  a  homogeneous  tluid, 

^^^B  nhen   the  pressure  is  suddenly  diminishe<l,  or  the  tem- 

^^^Bi  '    n  peculiar  appenrume  of  moving  or  flickering 

^^^■1,  n.-uis.     .At  teMip<'rntureK  aliove  .31°  no  apparent 

^^^^1  \ide  or  separation   into  two  distinct  foruus  of 

^^B^  I ,  even  under  a  pressure  of  300  or  400  atmoephores. 

^^^(>  niued  with  nitrous  oxide. 

'■  .  ,1  that  there  exists  for  every  liquid  a  temperature,  called 

•  rritlcal   |Kiint,"  alx>ve  which   no  amount  of  pressure  is 

11  the  liquid  form  ;  it  is  therefore  not  surprising  thai 

r  intense,  should  fail  to  liquefy  many  boilies  which 

I  i  to  which  gases  can  be  thus  subjected, 

L  1    iind   to  ileviale  greotly  from  tbe  laws  of 

E>  (pp.  4ii,  4f).     .\ndrews   has   recently  found  that 

k  ~~'  nmh'T  n  pressure  of  22:t  almo8|)bere3.  is  reduwd  i 

K  .  or  to  less  than  one-Jiaif  (he  volume  it  shov\\i\] 

t.,, /I'ag  to  Uiij-Ii-'H  law,    TIjt' t!0-efficienl  ol  expftt« 
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Fig.  as. 


SO  mnd  64P  it  Is  1}  tinira  as  gr<*at  under  22  atuiosplieres,  and  more  than] 
times  u  great  At  4U  atiiu>$i]>li<'re.s,  as  at  the  iin-sHuni  ut'  1  atiuiR<ii)iere.* 

CottI  prntlurt'tf  bi/  Eritjmriition, — TliiH  rffuot  has  lnH'ii  alroa/ly  atlvcrtt^  j 
it  arioi-ii  from  tlm  ti>iiVL-rjtioii  of  sriiiiihie  heal  iuto  latent  by  llie  riaiiig  vap 
and  may  Im  illustraiod  in  a  variety  of  ways.  Etlie.r  di-upped  ou  tlie  b« 
l>ro<luci^  the  sensation  of  great  cold  ;  and  water  uoutaiue<l  iu  a  thin  g]l 
tuhn,  surrouiuled  liy  a  bit  uf  rag,  ia  speedily  Irozuu  when  the  rag  is  I 
Wetleil  with  ether. 

Ice-iunkiug  maeUin.-s  and  refrigerators  are  constructed  on  this  prinoiii 
Harrison's  ajipariitus  for  freexing  water  consists  of  a  multitubular 
containing  uUjut  !(•  gallons  of  ether  and  inuuersed  in  a  trough  of  salt  wati 
The  lioiler  is  i'<innerfed  with  an  exhausting  pump,  by  the  vtorkiug  of  wl 
the  ether  is  rapidly  viilatilizi.<<I,  thereby  fooling  the  lioiler  and  the 
water  surrounding  it  to  alxint  — \A'r^  C.  (340  F.).   This  oold  water  is  i 
to  How  through  a  channel  in  which  are  placwi  a  ntimlx'r  of  vessels  onnt 
ing  the  water  to  be  frozen,  and  when  its  temperature  has  U-en  thus  ra 
to  about  280  P.,  it  is  pumped  back  again  Into  the  trough  iMnitaiuing  I 
boiler,  and  then  again  ciwled  by  the  evaporation  of  the  ether.    In  this  m« 
ner  a  coustaut  supi)ly  of  cold  salt  water  is  kept  up.     The  ether  which  I 

evaporated  is  «>iiden«e<t  in  u  worm  BJ 
roundiil  by  cold  water,  and  returned  t 
very  little  loss  to  the  lK>iler.t 

A  simpler  freezing  apparatus  is  tUatjj 
Corrfi,  in  which  cold  is  prcMlm-ed  by  I 
rapid  evaporation  of  liquefieil  ammo 
gas.  It  consists  c<S8entially  of  a  cyli 
drieal  lioiler  a,  fig.  32,  holding  abod 
two  gallons,  filled  toalmut  threi"-fourths 
of  it.s  capacity  with  a  strong  aqm-ous  ( 
lution  of  auitnonia,  an<l  conUi*cted 
pi|K-s  with  a  wrought-iron  annular  i 
denser  or  fre«-zer  r.  The  lioiler  is  first 
placeil  in  a  furnace,  and  the  freezer  in 
water  co<il<.4  to  120  c.  (.13.60  F.).  ~^ 
Uiller  Is  heatcl  to  13(>o  C.  (2tJtP  Fj 
whereupon  anunonia  gas  is  given 
and  condenses  in  the  freezer,  together 
with  aliout  one-tenth  of  its  own  wei) 
of  water.  This  operation  b»Mng 
pleted,  the  boiler  is  removed  from 
Are  and  iuimcr«ed  in  cold  water;  the  freezer,  wrappwl  in  very  dry  flannFl, 
is  plactxl  outside,  and  the  vessel  containing  the  water  to  be  frozen  is  placed 
in  th((  eylinilrieal  space  4.  As  the  Iwiler  ixKils,  the  ammonia  gas  with  which 
it  is  l4ll.'«d  is  redissolvtd,  and  the  pressure  being  thus  diminishivl,  the  ftm- 
tiionia  which  has  Iwen  liijuefled  in  c  is  again  volatllizwl,  and  passes  Over 
towards  u,  to  riHlissolve  iu  the  w.iter  whii-h  has  remained  in  the  lioiler. 
This  rapid  evajmration  of  the  nniiinmia  causes  a  great  absorption  of  heat, 
whereby  the  vi'ssel  c  is  reduced  to  a  very  low  temiverature,  and  the  wftter 
contained  in  it  frozen.  To  obtain  bett<'r  contact  lietween  the  sidi-s  of  tlie 
vessel  h  and  the  frwzer,  nU-ohol  is  (Knired  between  them.  This  apparatus 
gives  about  4  II).  of  ice  in  an  hour  at  a  price  of  almut  a  farthing  a  pound; 
but  large  t«n1inu«usly  working  apparatus  have  been  constructed  wli" 
produce  as  much  as  800  '.h.  of  ice  an  hour.  J 

•  Jo»roit\  of  the  Chem)d>l  Soelefjr,  1870,  rol.  II.  p.  181 
f  A  ngurr  of  Itilt  »ppitnila»  l>  given  In  the  Ph»rm»MUtlc»l  Jonrnal,  rnt  i 

/  Se«  Riehxnitoa  »nd  Wnttt't  Chemical  TeehootoRy,  \«rl  ■».  v.«ft. 
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ijr  also  b*<  froxm  by  the  oold  resulting  from  its  own  evaporation. 

.>     „     .   _   jj  py,  into  a  watcU-glo-ss,  kup|«>i-tiil  by  a  trijinulc  of 

i^l.iss  ilisU  of  »iil|iliuri<.'  auiil  plawi  on  the  plul«;  of  a 

«  I1..1.    .iivfri'il  Willi  a  low  rtjceivur,  anil  the  air  with- 

•  ■.  lUe  wat<;r  i«  in  a  fuw  minntts  converted  into 

ucvof  the  air,  and 

u   ul   walery  vajKir  hy  the  fie  83. 

.-  fiU4*h  ijuick  evu^toration 

I  attire  almost  im- 

iing  {wint. 


.j.,. 


•  iiistaiitlv  lined  in 


Itbontarr   for  ttrying   suletaiieeti   which 
Bt  hvar    Leati 


ting  without  deeoiu^Kwilion. 
h«^»nitlr  alao  tlt«  air-pump  is  dispense<t 
viUl  aai  vh«  sutotautxi  to  be  tlriol  is  siiu]ily 

^aaaiart  a  vca<i«l  conlaiuiug  strnuf;  sulphuric  acid,  qnioklime,  or  some 
•iW  <«fa*iaacvB  which  ulMorlm  moisture  very  rapi<lly,  and  covered  over 
•Vk  a  brll  Jar.  Such  an  apparatus,  with  or  without  the  air-puuip,  is 
MiMaa  Enicealor. 

iH  mi  in  o(  prodacin^  artificial  cold  yield,  however,  in  intensity  to  that 
A(l««d (Hun  tlw avapuration  of  the  liqueDud  carbon  dioxide  just  luentionetl. 
V^isa  )«t  of  that  liqniii  is  allowed  to  issue  into  the  air  from  a  narrow 
ffiBunt.  »u  ioteuse  a  degree  of  oold  is  produced  by  the  vaporization  of  a 
MR,  liial  the  r>-inainder  freexea  to  a  solid,  and  falls  in  a  shower  of  snow. 
if  mtf-  't  of  liqaid  to  flow  into  the  metal  Ixix  shown  in  fig.  Ml,  a 

laqpeiiTi '  '"•  solid  oxide  may  In-  obtaine<l ;  it  closely  rcseuibti'S  snow 

iklfftmtxiii^',  un'l  when  held  in  the  hand  Oi'oasioni  a  painful  seiisutlon  of 
•H.  •kU»  H  grailnally  disappears.  When  it  is  mixed  with  a  little  ether, 
.■d  pomtnl  apiin  a  moss  of  mercury,  the  latter  is  almost  instantly  frt>zen, 
■adfaltlua  wmt  pounds  of  the  solidiIle<I  metal  may  l>e  obtaine<l.  The  ail- 
4&te«f  Ilia  ether  fa':ilital«9  the  contact  of  the  carbon  dioxide  with  the 


TIw  l«iap«ratur«  of  a  mixture  of  8oli<i  oarlmn  dioxide  and  ether  in  the 

4lr,  — iTMii  bjr  a  apirit-thenuoineter,  was  found  to  be  — 76.7  C.  ( — lOtJO 
v.):  mktn  Xb«  aaue  mixture  was  placed  lH<neath  the  receiver  of  iiii  air- 
fum^,  .\'  '  -'  i-tion  rapiiUy  iiioile,  the  temperature  sank  to — lllO  C. 
(— IW  was  the  nn'tliod  of  obtainini;  extreme  colil  employed  by 

Hra4ay  ...  —  .  --.i  experimeiiu  on  the  liquefaction  of  gases.  Ihider  such 
•nwalaBomi,  the  liquefied  liydrio<lic  and  hy<lrobromic  noiils,  sulphur 
itaxidv,  tarboB  ilinxide,  nitrogen  monoxide,  hydrogen  sulphide,  cyanogen, 
Ml  ■maoaia,  trotm  to  colorieia  transparent  tolidt,  and  aioohol  betsune 
AidtantoUjr. 


To 


DtamuiatutH  of  tkr.  Specific  Gravity  of  Gates  and  Vaport. 

AeUtnaiue  the  specific  gravity  of  a  pas,  a  large  glass  glolje  is  (Illed 

thf  u'ls  to   Ije  examined,  in  a  perfectly  pure  and  dry  state,  having  a 

ralure,  and   an  ela.stic  force  equal  to  that  of  the  atmospliero 

I  the  exp.?riraent.     The  ploln'  so  filled  is  weighed.     It  is  then 

the  air-pnnip  so  far  aa  possible,  and  again  weighed.     Lastly, 

til  drv  air.  the  lemp<-rature  and  pressure  of  which  are  known, 

•  •re  detenninrtl.     On  the  supjsflition  that  the  tem- 

.tre  the  same  in  Vrnth  cases,  the  8p<>ciflc  gravity  is 

,,   .  , i.liug  the  weight  of  the  pas  liv  that  of  the  iiir. 

>r  n^ik  must  l«  made  very  thin,  and  flttwl  with  n  brass  cap, 
Ijv  a  smaU  but  excellent'  stopcock.     A  delicate  thcnuoinet»ir 
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should  be  placed  in  tbu  inside  of  the  globe,  secured  to  the  cap.     Tlie 
luUHt  Iw  gt.-iit;riit«l  iit  till!  luuiueiit,  auil   couduLtcd  at  ouce  iuto  the 
viuuslv  uxliauatod  vtiisi'l,  lliruui;fa    u  lung   tuLie  tilled  with   fruj;uit'i>lji 
puuik'«  muUteucd  with  uil  of  vllrinl,  ur  t>uuie  other  extreuiel,v  hvgrostop 
8U lestaiice,  by  which   it   ia  frt'cd  trdui  all  luoiiiture.     A»  the  gos  is  ue 
Harily  );fiierated  uiul>-r  some  prusKun-,  the  i-lustieity  of  tliat  contained 
the  dUed  giolw  will  8li(;btly  exceed  the  pn«sure  of  the  atmosphere; 
tliis  is  an  advuii(a;j;e,  eiuee,  by  opeuiiig  the  stt^ipcock  for  a  single  inst 
when  the  gloln'   has  attain«i  an  eijuilitiriuiu  of  temperature,  the  teu 
bei^mes  exactly    that  of   the   air,   so  that   all    liarunietrical   oorreetiou  , 
urahicil,  unless  the  pressure  of  the  atmosiihcre  should  sensibly  vary  dl 
iug   the  time  ocrupitnl   by  the  experiment.     It  is  hardly  nwessary  to  ( 
serve  tli;it  the  frreatest  care  must  also  be  taken  to  purify  and  dry  the 
usihI  n.1  the  standard  of  comparison,  and  to  bring  loth  gas  and  air  as  ne 
as  possible  to  the  same  temperature,  so  as  to  obviate  the  necessity  i 
correction,  or  at  least  to  reduce  almost  to  uothiug  the  errors  iuvolved 
suoh  a  process. 


Fig.  M. 


Vapobs. — 1.  Diitmui'it  Mflhnd.  Tliis  method  consists  in  determining  tTi» 
weight  of  B  given  volume  of  the  vapor  nt  a  known  pressure  and  tem|M'ra- 
ture.  A  large  glass  gloUi  about  three  inches  in  diauiut) 
is  taken,  and  its  neck  softened  and  drawn  out  in 
blowpipe  llaine,  as  repriwented  in  fig.  H  ;  this  is 
rately  weighs),  .\liout  KKJ  grains  of  the  volatile  liqg 
are  then  introduced,  by  gently  w.irming  the  globe 
dipping  the  point  into  the  liquid,  which  is  then  for 
upwards  by  the  pressure  of  the  air  aa  the  vessel 
The  glolKt  is  next  Briuly  attached  by  wire  to  a  hamlle,  i^ 
such  a  niauner  that  it  may  be  plunged  into  a  bath  of  . 
tmiling  water  or  heated  oil,  ami  steadily  held  with  the 
point  pnijiHting  upwards.  The  bath  must  have  a  tem- 
pt'ratiire  couslderalily  al)Ove  that  of  the  Ixiillng  point 
the  liquid.  The  latter  Ikh^uii-h  rapidly  converted 
vapor,  which  escapes  by  the  narrow  orifice,  chasing  boft 
it  the  air  of  the  globe.  When  the  i».iue  of  vapor 
wholly  ceased,  and  the  temperature  of  the  bath  app 
nearly  uniform,  the  (qien  extremity  of  the  jMiiiit  is  he 
nieticnlly  scaled  by  a  small  blowpipe  flame.  The  globe 
is  removed  from  the  bath,  sulferwl  to  e<»d.  cleanswl  if  nix-<rssary,  and 
weighed,  after  which  the  neck  is  bnikcn  otf  Ix-nenlli  the  surfaixt  of  water 
which  has  been  boihsl  and  cwolecl  out  of  contact  of  air,  or  (Ix-tler)  under 
mercury.  The  liquid  enters  the  globe,  and,  if  the  expulsion  of  the  air  by 
the  vapor  lias  beeen  complete,  fills  it ;  if  otherwise,  an  air-bubble  is  left, 
whose  volume  can  lie  easily  ascertained  by  pouring  tlie  liquid  from  the 
globe  intfi  a  graduated  jar,  ami  then  refilling  the  glolw,  and  repeating  the 
same  oloervation.  The  capacity  of  the  vessel  is  thus  nt  the  same  time 
known  ;  and  these  are  all  the  data  required.*  An  example  will  render 
the  whole  intelligible. 

*  Mesffra.  Plnyfnlr  And  W^nklyn  have  deMcrlhed  an  Important  rnodlflratlon  of 
thin  proceBS,  wh<?rpby  the  ilenHitlel  of  a  ^■^P"''  ***  Tpmper»iriiren  below  tlir  bolllni^ 
point  of  the  llrgiiht  fUJiy  be  dctermtneil.  Thla  object  In  ntfnlned  liy  mixlnK  the 
vnpor  of  the  Iindy  wltTi  li  tn^^Hiirpd  volume  of  a  porOiAUcut  gaa — bytirogeu,  for  la- 
staace.— ,/aurA.  a/M<  Oum,  Soe.  vol.  xv.  p.  US.  '^~ 
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DttoTitinatioH  of  the  Vapor-denstlg  of  Acelont, 

31.61  cubic  inches. 


Opaity  of  globe    .... 
Vncbt  of  glotw  filled  with  dry  air  at 

Vf>  F.  kixl  tO.'lA  iuchni  barometer 
Weight  ol  globe  tillnl  with  vuiior  at 

•iXS'  f.,   Uanp.  of   tliv  bath  at   the 

iWLtit  of  amaling  the  point,  aud 

XIL34  iiaobea  b*rumvt«r 
laudaal   Wis,   at    4&o  K.    aiul   30.24 

lintw  Uuotooter 


2070.88  grains. 


2076.81  grains. 


0.60  cubic  inches. 


041  robio  lBrh«s  of  air  at  520  and  30.24  in.  tiar.  ^  32.36  cub.  inches  at 
•O  F.  sad  W  inch,  bar.,  weighing         ....     10.036  graiuB. 
Iteaa,  WMght  of  empty  glul>e,  3070.88  —  10.035  as  2000.845  grains. 


«.?  "oHc  incb  of  air  at  450=  0.8  cnb.  inch  at  212°  ;  weight  of  do.  by  cal- 
r  ;i  =  0.191  grain. 

I  if.6  =  30.81   cubic  inches  of  vapor  at   2120   and  30.24  in.  bar., 

■  »tiUlu  •<•  *fce  mfpjMitilion  lIuU  il  wnulil  bnir  conllnij  U>  COO  \rithoul  UqueJ notion, 
I  «g«14,  at  tbat  tfmp<>rnture,  and  under  a  presiiuru  of  30  inch,  bar.,  be- 
I       osaM  ndooed  to  24.1b  cubic  inches. 


I  W»--»4.t  t.i  fXaho  and  rapor 
rccidnol  air 


2076.810  grains. 
0.191       " 


Wti(ht  of  gtob« 


207IJ.619 
20«IO.84.5 

15.774 


Weight  of  tho  24.18  cubic  inches  of  vapor 
I*!*!  niuntli ,   IDO  cubic   incites   uf  inch   vapor   must 

wash    ' 68.23       •' 

M  (nine  iodua  of  air,  under  similar  circuuiBtanccs, 

w«gh 31.01       " 

^^^X103,  the  speci&o  gravity  of  tho  vapor  in  question,  that  of  air 

Wim  unity. 
'►r,  thn  wHghl  of   100  cabio  inches   of  liydrogen    l>eing   2.147  graiuK, 
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laO.iii  ii  tho  speoifio  gravity  of  acettiue  vajior  referred  to  liydrogen 

a«  unity. 
Tk»  ra|i<ir.d«nsit)r  (D)  may  ohio  be  readily  calculattvl  by  me^ns  of  the 
hnmU:— 

(V— r)«', 

fwdUbrmtoaof  weight  (in  grams)  between  the  globe  filled  with  air 
tad  «k<m  fill«l  with  va|H>r. 

V  ^rapacitr  of  globe  in  cubic  centimetres. 

•,  =  wii)fht'(if  one  cubic  centimetre  of  air  at  the  Unnperatnre  at  which 
tliP  flol,.  fiMi,!  with  air  was  weitfheil. 

'  ,  =  fright  of  one  I  ubic  centimetre  of  air  at  the  temperature  of  sealing 

Vw^aiu™!  of  «,  Hiui  r.',  (in  gr-iniK)  for  each  degree  oenUgrode  from  0  to 
SW'Jar*  given  in  the  Appendix,  Table  VII. 
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In  very  exact  experiments,  account  tnnst  be  talcen  of  the  cliaiige 
capacity  of  tlie  glass  gliilH'  liy  tlie  liigli  tfiii[H'ratiirf  of  tho  batli. 
tliid  c<irris;tii>ii  ia  iif{(U>oti'cl,  tlu-  ilcusitv  of  tlu'  viijMir  wiU  «>ii>«  out  a  I 
too  hit;h.     The  <Triir  of  the  uiiTcurial   thiTUiOUiotcr  at  high  It'UijMr 
iis,  howuver,  in  tlin  ojipositi-  liircitiuii. 

The  precwliiig  uifthod  is  appllcHl'k' to  the  di't«'nuiiiiition  of  the  ' 
densitied  of  all  sukHtniuo.s  whose  iKiiliit);  poiiiLs  nru  within  the  range  of  tli 
nieruurial  tliermuuictiT,  that  ia  to  say,  nut  uxet^ijnj;  3tHIO  c.,  and  then 
fori'  to  nearly  all  volatile  orfjanic  tonijiminds  ;  indee<l,  there  are  but  fc 
Hiiuh  cotu;HiundK  wliiuh  can  lii'iir  lii<;ltc'r  tniiperatureti  without  dp<v>ni|i 
tiuii.  But  for  mineral  suliataui't'ii,  such  as  sulphur,  iodine,  volatile  metallic 
chlorides,  ete.,  it  ia  oflm  necessary  to  empUty  much  higher  tenij)erature*( 
and  lor  such  coses  a  uiwlifkatinn  of  the  process  has  lieeu  devised  liy  UevilU 
and  Troost.  It  consists  in  using  a  globe  of  porcelain  instead  of  gln«s,  Ilea 
ing  it  in  the  vapor  of  a  aiilistanco  whose  boiling  jx)iut  is  known  and  con 
Btaut,  and  sealing  the  globe  by  the  flame  of  the  oxy-hydrogen  blowpipe. 
The  vapors  employed  for  this  jiurpfjse  are  those  of  mercury,  which  IxiiU  at 
35t)0  C. ;  of  sulphur,  which  boils  at  440O ;  of  cadmium,  biiiling  al  8ti(iO; 
and  of  zinc,  lx>iling  at  Ui4(iO.  The  use  of  these  liquids  of  constant  Ixuling 
point  obviates  the  necessity  of  determining  the  temperature  in  each  ejc-j 
perimeut,  which  at  such  degrei>s  of  heat  wouhl  be  very  difficult. 

2.  (jity-Lunmc'i  Mrlhml. — This  method  consists  in  ascertaining  the  rolan 
ocoupie(l  by  a  given  weiglit  of  a  sulistance  when  converted  into  vajior  at 
known  temperature  and  pressure,     l-'or  this  purpose  a  siiinll  bulb  of  ver 
thin  glass  with  a  capillary  neck  is  weighed,  tilltnl  with  the  liquiil,  sealed,! 
and  again  weighed,  the  difference  of  the  two  weighings  of  course  giving  tha 
weight  of  the  liquid.     It  is  then  introduce*!  int<.>  a  graduRte<i  glass  jar  Alio" 
with  mercury,  inverted  in  a  basin  of  luenrury,  and  itiiiiierseil  in  a  bath  ofj 
water  or  oil,  and  beul  is  applied  to  the  bath   till  the  bulb  bursts,  .ind  thfl 
liquid  ia  converted  into  vapi>r,  which  depresses  the  mercury  in  tlie  gas-ja 
to  a  certain  level.     This  is  read  off,  together  with   the  temperature  of  tha 
bath  and  the  height  of  the  baniiiieter,  and  from  thi'se  readings  the  volau 
of  the  va[Kir  at  a  certain  jiressuro  and  temperature.     A  convenient  app»>'l 
ratus  for  the  purpose  is  represented  in  figure  H.l.     It  oonsists  of  a  cylindor| 
of  rather  thin  glii.sB,  a  l>  at,  in  sbajie  like  a  very  large  tt-at-tulje,  atiout  1( 
or  IK  inches  long,  and  S  or  ti  in  diameter.     M  the  lower  and  closed  end  lH 
is  roundeil,  anil   eare  must   I u- taken    that   it   is  thin  enough   to  stand  the 
application  of  heat,  and  yet  strong  enough  to  bear  the  weight  of  the  mer- 
cury ami   the  rest  of  the  apparatus  which  will   have  to  be  inserteii.     A 
gmall  and  rather  light  gas-jar  e,  divideil  into  inches  or  half  cubic  centi- 
metres, is  supported  at  its   h>wer  end  hy  an  iron   cup  /',  attached   to  a  rod 
J  (/ of  the  same  niotal.     In   the  engraving  it  ii-   represented  in  the  act  of  j 
lieing  lowered  into  its  place.     The  upper  end  of  the  jar  is  ke)>t  steady  1 
the  ring  h,  which   slides  on    the  hhI  ij  ij.     The  cylinder  is  retained  in  it 
vertical    position    by   the  ring  i  sliding  on   the  massive   retort-stand   k  til 
The  ro<i  g  q  and  tie-  tbernnaiieter  /  are  supported   by  the  arm  ni,  also  at-^ 
tached  to  the  retort-stand.     The  cylinder  lieing  chargrtl  up  to  the  line  n  « 
with  mercury,  the  gas-jar  r,  flll<>d  with  mercury,  ami  having  the  glass  l)ulb 
«mtaining  the  liquid  to  hv  exaniinnl  insertrtl,  i»  placed  in  the  i>osition 
seen  in  the  figure.     The  cylinder  is  then  to  lie  filled  with  water,  or  neat's- 
ftK>t  oil,  until  the  gas-jar  is   covered   for   at   least   an   inch.     The  cylinder 
may  he  supported  on  wire-gauze  over   tlie  tripwi  ",  or  in   any  other  con- 
venient manner.     Heat  may  lie  applicil  by  means  of  a  Buusen's  burner. 

Great  care  must  U-  taken,  in  passing  the  liulb  up  into  the  gas-Jar,  to 
prevent  fracture.  The  most  convenient  way  of  accomplishing  this,  ia  to 
place  the  lower  end  of  tlie  jar  in  a  mercurial  trougli,  and  to  incline  it  to 
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.^1.  ..t  .  (.,,,(  450.     Tlie  bulb  is  thm  to  b«  hfW  bptwwn  the  tbnmb 
■  TB,  tbr  tail   towanU   tht'  p.-ilm  of  lht<  hand ;  it  is  ttit-n 
'  tbp  o|Mtiiiiig  of  tlie  gas-jar,  ami  whou  insertud  is  to  be 
iffi .   u  «rtU  then  asuvnd  to  the  top. 


4 


^  il(>t<>rmtne  the  elastic  force  of  the  vapor,  the  height  of  the  oolnnrn  of 

w»»*r  PT      ■  • W  noted  and  rednctHl  li.v  calciiUlioii  to  the  oorresponding 

raise  Iti  <  of  nuTi-ury.     The  elastic  force  \'  nf  the  vapor  is  then 

«'>■<  •  '  1-  "Mtiilwr  tothc  ht'ight  of  the  liaroiuuter,  and  deducting 

ty  in  the  pas-jar  above  that  in  the  outer  cylinder. 
'I'  -^ing  we  asi'ertain  the  volume  whivh  a  known 

'•ecupies  at  a  given  temperature  and  pressure,  and 
mine  the  weight  \V  of  the  same  volume  V  of  air  at 
T  and  presBuro  P.     This  is  given  in  grams  by  the 


n 

•h»  e»cir  t«ait'craluri 

teatat* — 


W  =  0.0012932  V 


1  +  0.00367  T 


760 


The  raluc*  of  the  ezprefision 


1 


hare  been  cAlcalated  by 

1  +  0.00367  T 

C.  OrwHIl-  Wdliams  for  all  tomperalnres  from  1©  to  1500  C.  (see  Table  VIU. 
1  ;  and  dividing  the  wpipht  Wot  the  Vapor  by  lUvaa 
^<ir  the  Jviititr,  tliu  expression— 


If  the  i;iis-jar  is  graduaUxl  in  cabic  inches  anil  thi*  weigbta  are) 
grains,  tU«  expreiisiuu  bocotuits — 

1  -f  0.003U7  T       760 


D  =  W' 


0.31  V 


Fig.  Sfi. 


Of  tlie  two  methods  of  determinini;  vaj>or  ileusitieii  above  d 
of  Dumas  has  the  advantage  in  simplicity  of  apparatUH  and 

execution,  especially  for   liigh  temperati 
deed,  for  t<!mjH'raturi'8  aliuve  15(K'  it  is 
uue  tliat  cau  be  employed  ;    but  it  reqa 
substance,   and   dix^a   not   pi>rmit   of   the 
Ix'iug   di'teruiiiied  at  more   tlian  one  tetnj 
without    making    a  sejiarate   experiment  1 
caac.     The   procesa  of  Gay-Lu8sac,  on    tUi 
hand,    {termils    numerouH    experimentii    id 
small  Hpecimeu  of  sulititance  nt  any  deairoq 
rature  within  certain  ranges,  and  thus  end 
operator,  in  a  very  short  time,  to  aecumuld 
uiation    regariling   certain    physical    propd 
substances  which  it  in  ofU'U  very  desirable  i 
— such,  for  exatn|iK-,  aa  the  l<iwest  tempefl 
Mhiili    the  siilMlaiicf  under  study  begins 
the  laws  of  permanent  gases. 

3.  Uu/ntann't  Metlinl. — Tliis  is  a  modifia 
Gay-Lussav's method,  devisi-d  by  Dr.  A.  W.  E 
{Oeut.  Chem.  (let.  Her.  18ti8,  p.  19«)  for  d< 
ing  the  vaiKir-densitiesof  liigh-boiling  liquU 
reduced  pressure,  and  therefore  at  oompa] 
low  temi>eratures.  A  graduated  glass  tut 
a  metre  long  and  IS  to  20  nun.  wiile,  is  fill 
mercury  and  inverted  in  the  little  cup  A,  K 
a  barometric  vacnum  20  to  30  mm.  high  U' 
at  the  top.  The  long  tube  is  inuluecd  in  I 
tul)e  311  to  4(1  mm.  wide  and  80  to  ?•(»  mm. 
drawn  out  at  the  top  to  a  conducting  tuln*  of  moderate  width,  w 
bent  at  right  angles,  and  conuecteil  willi  a  glass  or  copper  vessel  il 
water,  aniline,  or  other  liquid  can  U>  iKiiled.  The  U>wer  part  of  t 
tube  is  widened  and  rests  up<jn  a  large  cork,  through  which  pai 
esoape-tulxi  T.  Hy  this  arrangement,  a  stream  of  vapor  of  water,  < 
or  other  V(datile  liquid  can  Iw  matle  to  pass  through  the  spac<-  betW 
two  tubes,  so  as  to  keep  the  up|>er  part  of  the  l>arom<-ter-tube  at  t 
p<!ratnre  require*!  for  the  determination.  The  substance  whose 
density  is  to  be  determined,  is  introduced  into  the  barometric  yiM 
small  glass  tubes  fitted  with  ground  stoppers,  which  arc  forced 
the  UMision  of  the  vapor.  The  great  advantage  of  this  method  i 
tinder  the  very  small  pressure  to  which  the  inclosed  vapor  is  subj 
which  may  be  rerluci'd  to  20  or  even  111  nitlliuietres  of  mercury — th( 
minations  may  be  made  at  cmiparatively  low  temperatures.  Thu» 
case  of  liquids  Ixnling  under  the  ordinary  pressure  at  I20Oor  even  II 
vapor^deiuity  may  be  accurately  determined  at  the  temperature  of 
water. 
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Bonrces  of  Beat. 

Tlic  first  atil  prealesit  »<>iir>.>«  of  licat,  compared  with  which  all  othen  »ne 
|/<i|lj  It,  ie  tliif  suu.     The  luminous  nys  arv  svruiupiuiimi  by 

huftt-r*..  .  striking'  ogaiiist  thr  iurfAcv  of  the  xarth,  raise  iu  tvm- 

4drp,   i>'i>>   Ileal  ia  communiuate<i  to  the  air  hy  convection,  ta  already 
libvd,  lur  and  guscs  in  gcDeriil  not  being  nenjiibly  heated  by  the  piui- 
_  I  ci  lii»  r«jr». 

Aaeoood  •oaroeof  heat  is  siippteod  to  vxixt  in  the  interior  of  Uie  earth. 

ti  hi3  bc«a  obeerred  that,  in  ^iQking  mine-shafts,  laoring  for  water,  etc., 

.  I  «r»tare  rises,  in  doticradLng,  at  the  rite,  it  is  said,  of  about  ^O  C. 

(tir  e»i"ry  45  feet,  or  (JSOC.  (1170  ¥.)  per  mile.     On  the  sap[jofiitioa 

liiii  liif  ri4<*  continued  at  the  same  rate,  the  earth,  at  the  deptli  of  Inis 

thaft  two  nulea,  wonhl  harti  the  temperature  of  Ijoilini;  water  ;  at  nine  milea, 

Hvoald   l>^  reil-hot :  an.l  at  thirty  or  forty  nuh.'s  depth,  all  known  sub- 

Mmom  wuol.l  Lh*  in  a  state  of  fusion.* 

JUoor-'  "-   I- "■"   '•!■  ■    "••'  earth  must  be  looked  upon  as  an  intensoly 

I  with  a  crUDt  of  bolid  badly  conducting  mat- 

-|>ace,  and  l»."»ring  somewhat  the  same  propor- 

I  Uie  ignited  liquid  within,  that  the  shell  of  an  e^g  bears 

■-.    Willioul  venturing  to  offer  any  opinion  on  this  theory, 

il,  Laerve  that  it  is  not  positively  at  variaii<-«  witii  ony 

[f  iirn  of  the  earth  is  really  sach  as  would  be  assumed 

"      fliat  it  offers  tho  iR'St  explanation  wo  have  of 

~  and  volu&nio  eruptions,  and  agrees  with  the 

......      ,.  ...  ..  ,  .  Jucts. 

.luong  the  other  touruus  of  heat  are  chemical  combination  and  mcohoni- 
rk. 

':t);ement  of  heat  in  the  iwl  of  combination  ia  a  phpnomcnon  of 
■  norality.  Th«  quantity  of  heot  given  out  in  each  particular 
<l.;linite;  its  intensity  i.i  ilependent  iij>ou  the  time  over 
.-  cxliuded.  Many  admirablo  rcsearchi's  on  this  subject 
ii-d  ;  but  their  results  will  be  more  advantageously  con- 
l'.irt  of  this  work,  in  connection  with  the  laws  of  chemi- 


ffrrjt  firn'taetd  6v  Mtthanical  Work. — Hoat  and  motion  are  convertiblo  one 
r.     1'hn  powerful  mechanical  effects  pruluced  liy  the  elasticity 
.•volrnd  fnim  heatifd  liquids  afford  abumlnnt  illustration  of 
Mition;  and  the  pro'luction  of  heat  by  friction, 
.  anil   in   the  condensation  of  gases  (p.  62), 
liat  motion  may  1h)  converteil  into  beat. 
iiiperolur.1  thus  ppKlnccd  appi'ars  to  bo  dne 
'  iiy  in  the  liody  operoted  u|><in,  as  in  the  coso 
t   alludi>d  to.      Mnlli-ablu  meliils,  also,  08  iron  and 
lieal^xl    by  Immmering  or   powerful   pressure,   ari< 
i.ive  Iheir  density  sensibly  increasetl.  and  their  capacity 
•I.     .\  sfift  Iron  nail  may  Iw  made  nil  hot  by  a  few  dex- 
lii'iii  mi  /Ml  anvil  ;   but  (lie  experiment  cannot  bo  repeated  until  tho 
Ikaa  bocn  amunlnl,  and  In  that  manner  restored  to  its  former  physical 

Bst  U»e  aBDDnt  of  heat  which  can  b«  developed  by  mechanical  force  is, 

■lie,  nrnr  r«rl«.  ^l^•  a  itcplh  iif  m*  »  Fnchih  fol ; 
■■III  to  Ihc  nflnif  licneftth      The  If-mprrntiirc  of  the 

:  unilniii.  In  81"  K.  i  Iho  menn  lemiieriturc  n(  p!»>\t 

y.  t  Um  dtOaicauK  uai    >'.,  which  fire*  a  nie  of  about  1°  [or  U  (d' 


u 
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in  most  oases,  ont  of  all  proportion  to  what  can  be  acoonnted  for  in 
way.     Sir  H.  Davy  meltt^  two  piec««  of  ice  by  rubbing  tliem  tugeiher  j 
a  vacuum  at  the  tumpvratare  of  (P;  and  Count  Kuuiford  found  that 
heat  d(<Vfloped  by  llie  boring  of  a  brass  cannon  was  sut&uient  to 
th'i>  boiling  (xiint  two  and  a  half  gallons  of  wat<-r,  whilt-  thr  dust  or  sli 
ings  of  metal  cut  liy  ihu  borer  weighed  only  a  few  ounces.     In  thusii  i 
all  similar  eases  the  heat  appears  as  a  direct  result  of  the  forct;  expends 
thu  motion  is  ouuverte<l  iulo  heat. 

Tlie  winnection  tietweeii  heal  and  mechanical  forc«  appears  still 
intimate  wheJi  it  is  sUimu  ttiat  they  ore  related  by  an  exact  niuueria 
Iaw,  a  given  quantity  of  Die  one  being  always  convertible  into  a  definifj 
umuunt  of  the  other.  The  lirst  approximate  determination  of  this  ma 
important  numerical  relation  was  mode  by  Count  Kumford  in  the  ma 
just  alluded  lu.  A  hrnas  cylinder  inclosed  in  a  box  containing  a  knom 
weight  of  water  at  titP  K.  was  bored  liy  a  steel  borer  made  to  revolve 
horse  power,  and  the  time  was  noted  which  el«ps(>d  before  the  water  ^ 
raised  to  the  boiling  |ioiut  l>y  the  heat  resulting  from  tlie  friction.  In  i 
manner  it  was  found  that  the  heat  retjuircd  to  raise  the  temperature  of] 
pound  of  water  by  lO  K.  is  equivalent  to  1U34  times  the  force  expended  i 
raising  a  pound  weight  one  foot  high,  or  to  l'J34  "foot-pounds,"  as  it  1 
teohnically  expressed.  This  estimate  is  now  known  to  be  too  high,  i 
account  having  lu'en  taken  of  the  heat  coioiuunicated  to  the  contain 
vessel,  or  of  that  which  waH  lost  by  dispersion  during  the  experiment. 

For  the  most  exact  dctermiuatiuns  of  the  lutfchuniial  equivalent  of  he 
we  arc  iniicbtiHl  to  the  careful  and  elaborate  resenrchrs  ol  Dr.  J.  P.  Jouli 
From  experiments  made  in  the  years  1^4t>— J3  on  the  relations  between  til 
heal  ami  mechanical  jjowi'r  generated   by  the  electric  current,  Dr.  Jou 
was  led  to  i^niclude  that  the  heat  re<juir<?d  to  raise  the  tentperalure  ofj 
pound  of  water  I'^  K.  is  equivalent  to  !<38  foot-pounds.     This  he  afterwan 
reduced  to  772 ;    and  a  nearly  equnl  result  was  afterwards  obtained 
experiments  on  the  condensation  and   rarefaction  of  gas(!S  ;  but  this  «■ 
mate  has  since  been  found  to  be  likewise  too  great. 

The  most  trustworthy  results   are  obtnini-d  by  measuring  the  qaantii 
of  heat  generated  by  the  friction  bi^tween  solids  and  liquids.     It  was  fori 
long  time  believwi  that  no  heat  was  evolveil  by  the  friction  of  liquids 
gases;  but  in  1842  Meyer  8how<><l   that  the   temperature  of  water       ~ 
raised  220  or  2;P  F.  by  agitating  it.     The  wnrmth  of  theses  af( 
days  of  stormy  weather  is  also  probably  an  etfect  of  fluid  friction. 

The  apparatus  employeil   liy  Dr.  Joule  for  the  determination  of 
importont  constant,  by  means  of  the  friction  of  water,  consisted!  of  a  brs 

paddle-wheel   furnishe*!  with   eight  sets 
revolving  vanes,  working  bi-twoen  four  ss 
of  stationary  vanes.     This  revolving  app 
ratus,  of  which  flg.  37  shows  a  horizont   _ 
and   fig.  38  a  vertical  section,  was    firmly 
fitted  into  a  copin-r  vessel  (see  fig.  39)  con- 
taining water,  in  the  lid  of  which  were  In 
ne<^ks,  one  for  the  axis  to  revolve  in  witi 
out  toucliing,  the  other  for  the  insertion  i 
a  thermometer.     .K  similar  apparatus, 
made  of  Iron,  and  of  smaller  siie,  havil 
six   rotatory  and   eight   seta  of  stations 
vanea,  was  used  for  the  ex|H'rimcnls  on  tl 
friction  of  mercury.     The  apparatus  for  tbj 
friction  of  onst-iron   consisted  of  a   verlic 
axis   carrying  a  bevelled   cast-iron  whee 
against  which  a  bevelled  wheel  was  presse 


Fig.  37. 


Fig.  38. 
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tlui 


Th* w)ii!«t»  wor»  iii.|.n.«l  in  a  cast-iron  vees«l  nUcd  witli 

'lio  lid.     In  each   apparatus  motiuu 

''^  1   of  loaden  wpiiehU  W  (fig.  3!>)  siig- 

—  il    ...  -.,.,,;;-   ,,,„„  I,,,.  ..i,,>  ,„   ,„o  wrMXlen  pnlle^-s,  one  of  which  is 

«n  At  p,  their  oxhs  ln-inR  supported  on  friction  wliwls  d  d,  and   the 

Fie-  M. 


Ixring  connpcted  by  fine  twine  with  a  wooden  roller  r,  which,  by 
itf  a  pin,  oould  be  easily  attached  to  or  removed  from  the  friction 
•irpanttuit. 

TU»  mode  of  experiment  in;;  was  as  followH  ; — ^The  temperature  of  the  fric- 
tioMLl  Apparatus  having  l>een  ascertained,  and  the  weights  wound  up,  the 
nUmt  wa»  fixe<l  to  the  axis,  and  Uie  precise  height  of  the  weights  ascer- 
lailMd  :  the  roller  was  then  set  at  libt-rty,  and  allowi.Hl  to  revolve  till  the 
wirightl   touched  the   floor.     The  roller  was   thi-n  detached,  the  weights 

w— •"■'    ■' ■'■;■■    juij   the  friction  renewe"!.     This  having   been  repeated 

experiment  was  concluded  with   another  observation  of 
•  'f  the  apparatus.     Tlie  mean  t*>mperature  of  the  apart- 
tied  by  observations  ma<le  at  the  beginning,  middle,  oiid 
liment.     Corrections  were  made  for  the  effects  of  radia- 
•n  ;  and,  in  the  experiments  with  water,  for  the  qnanti- 
l><>d  by  the  copper  vessel  and  the  paddle-wheel.     In  the 
■    iiry  and  cast-iron,  the  heat-capncity  of  the  entire 
tieii  by  observing  the  beating   effect  which   it  prn- 
ilily  of  water  in  which  it  was  immersed.     In  all  the 
"■  were  also  maile  for  the  velocity  with  which  the 
•und,  and  for  the  friction  and  rigidity  of  the  strings. 

-  nswi  were  capable  of  indicating  a  variation  of  tempera- 

-  .Vu  of  a  degree  Fahrenheit, 

TUe  f.)il..tt<iiri  table  i<ontains  a  summary  of  the  results  obtained  by  this 
mrthod.  The  s.symd  column  gives  the  results  as  tbey  were  obtained  in 
iXt :  in  the  tliird  colanui  the  same  results  corrected  for  a  vacuum  : — 


Mxtrrlal 
pniplo)r»it. 

Watrr     . 


E<|U(viilcnt 
in  sir. 

r73.«40 
(  773.7C2 
\  77G.303 

f  T7-L8S0 


Equlmlpnt 
in  vncuuni, 

772. B92 

772.8H\ 
77.1. .3.V2  f 

77(:.n4S  \ 
774.030  S 


Mean. 
772.698 

774.083 

174.881 
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Ill  the  fixpcrimi'iiU  with  «ast-iron,  the  friction  of  M  ••  •■■•i i"  ••'■ 

oonsiJerablo  vibrntiuii  uf  thti  fraiui'wurk  at  tlin 

souod ;  it  was  therrlore  uocossnry  to  make  allowai' 

force  cxpendt-il  in  jiroilucjug  thfiiK  eiri>cts.     Thn  uumbirr  71i.tii*;i,  ntiti 

by  the  friction  of  wuler,  i&  rcgurdvil  as  thv  uioitt  tiiistwurthy  ;  but  «ij 

this  may  be  a  little  loo  higli ;  Ixitaiuo  even  iu  thn  rriclion  of  llui>l«  It^ 

iiiipo»!iihl«  oDtirely  to  avoid  vibrutiou  and  sound.    Thcuouvliuioiis  dcilut 

fmiu  Ihiwe  "'xpi-riiui-uls  arc — 

1.  J'/iiil  the  (jitantity  of  hmt  protluceJ  6y  ihe/ridum  of  bodia,  vA«<W  talij  tr 
tiquiJ^  it  alwiijjs  jirojX^rtioHul  to  thf  force  esprmlriL  . 

2.  That  Me  i/iuinlili/  i>J  heal  fU/KjW*  of  incrttisin<)  the  trmpemtun  of  I  ft.l 
vxtlrr  {irrit/hnl  in  riu-uri,  nud  hetwcen  650  miJ  iiijO)  bg  10  /•".,  rMUi'mt  /er 
a'vtuli'in  the  trprntliture  of  a  mrchunieal  force  repreimnted  bi/  the /all  </^  772 1 
throui/tt  the  xjmce  of  I  fool. 

Or,  the  heiit  taimble  of  intTetiainij  the  temperature  of  1  gram  of  teater  6»  \0  \ 
M  ei/uifalent  to  aforre  re/irrtejilrd  by  the  full  of  423. US  yruiM  throagk  at  i 
ofl  metre.      Thit  it  consequent! i/  the  effect  of  "  a  unit  of  brat." 

ExperiiniMits  luaile  hy  dIIkt  |>hiloeopbiT3  on  tin-  work  doii»  hy  s  »ti 
engiuu,  on  the  hout  evolvwl  by  an   I'lwlro-magnetio  engine  at  rest  aad  ( 
uiiilinn,  and  on  the  heat  erolvi>il  iu  the  uiruiiit  of  a  voltaic   liatlrry  »nA\ 
tt  luetalliu  wire  through  which  an  eleotriu  current  is  p:>ssing,  havv  gi« 
raloe*  for  th«  m«chanioal  equivalent  of  heat  very  nearly  e<iual  to 
above. 


Dynamical   Tbeory   of  Heat. 

For  a  very  long  time  two  rival  tbcorii-s  have  been  held  tei 
naturitiif  heat:  on  the  one  hand,  licat  Uiui  becu  viewed  as  hiivinj; 
rill  existeuee,  thongh  dilTeriug  from   onlinury  matter   in   bxiiig 
weight,  and  in  olh■^r  reiipeot.'^ ;  on  the  other  hand,  it  has  l>e«<n  regi 
a  state  or  condition  uf  ordinary  matter,  and  generally  as  a  ciindil 
motion.     From   the  latter  part  of  the  last  omtury,  until  the  lu'xiern 
BMrchea  upon  the  mi-chauical  equivalent,  the  former  view  bnd  liv  fir 
greater  number  of  adherents.     Ita  jKipnlarity  may  be  cliierty  '' 
teaching  of  Ulack  and  Lavoixier.     By  the  former  of  the^e  phil" 
varioufi  capacities  for  heat,  or  ape^jifio  heats,  of  ditferent  iHxlivfi,  neew 
have  lieen  regardwl  aa  analogonn  to  the  variou*  prn[">rtiiin»  of  ibe  sal 
a<'id  required  to  neutralize  equal  quantities  of  diir 
solid,  liquid,  and  gaseous  Rtatett  Were  nxplaiued  l<\ 

go  many  distinct  pro|HirtiouH  in  which  beat  wad  capM. ... 

onUUttry  matt<;r.     Very  shuilar  views   were  advinated    by  l^avoii 
regardeil    all  gases   as  c<imi)<iuniis  of  a   baste  cbaraeleriHlic  of 
caloric,  and  snp;iosi>d  that  when,  na  the  result  of  eliemical  action 
aumod  the  liquiil  or  solid  stale,  this  caloric  was  set  free,  and  ap; 
sensible  himt. 

Heat  was  oompare<l  by  theso  philosophnm  in  a  material  •ii1«t«ii«^ 
order  tti  explain  its  then   known    .|  '    .        ' 

point  of  view  th<!i  C4inceptii)n  inirod  ' 

of  Iwing  tiMire  easily   •rwi.  .1  ii.  .i.  ^,,.   , .. 

rial  nutnrti  of  heal  ,  i^tce.      It  was   n<  t^ 

c-ive  of  deflnite  qi:  .||ni;ly  subtile  smi 

than  of  doflnile  qu,'iiilili"!>  "(  inoiicm,  which  wns  itself  undedmnl  an  to 
OAlnra.      It  wns  n  i)ir.«'i  "•oimequenceof  the  material  view,  Ibnl  hei»l 
he  '  fciclible  and  tt«   lnei>[>abb>  of  iHiIng  pn^Ui 

th<  ;  iiantily  of  heat  in  Uie  universe  should  b« 


/talf  oa  tlio  other  Uitad,  this  hy|K>lb««l»  di4j 
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t'la.nitSan  of  tlto  prodaolion  of  heat  by  mechanical  moitna.  Utve  ft  was  uut 
lli»  actual  ^ifixratiiin  of  btnit,  ur  tu  explain  the  elTects  as  dv- 
.•ly  nil  lU  ullfrfwl  iliKtrttiiil.tiin.     Nvrerthdt-'gS,  the  evolution  of 

'v  ooiisitlerwl,  bjr  th>?  0<lviX'»tt« 
III);  Iriim  a  iliminutiou  in  the 
,    ti      rtmi  thin  •ixplanation  do- 
11.    II.  .1.?   hjr  Black,  that  a  j>iec« 
I. -I  i.m!  !■/  buQuuering  (ace  p.  73), 
linatixl  a  BccuiiU  time  autil  it  has  been  heated  to  rednesg  in  a 
vmhI  In  ouol.     in  Uiia  case,  certainly,  it  seemed  as  though  the 
U^iiii;'  riii^  r.irrxil  out  heat  frum  the  mass  of  iron,  like  water  from  a  sponge, 
Lad   liiiit   a   fp-^li  supply  was  taken  up  when  the  iron  was  put  in  the  tire. 
Tl.  .  however,  did  not  satisfy  Kumford,  who,  in  the  invirsli- 

Uive,  made  direct  experinicnta  upon  the  sp"!Cific  heut  of 
■'■'i-irhod   liy  the  friction,  and  found   it  to  be  idfulicij 
t  ordinary  circumstances.    Still  more  decisive  )>roof 
1   liy  friction  cannot  be  ascribed  to  a  diniinutiou  of 
»lic  h^ttt  to  ihe  boUstances  operateil  on  was  afforded  by  Davy's  expert- 
It  nn  thf  lii|uefaotioo  of  'uy»  by  friction  ;  for  in  this  case  the  ice  w«s  con- 
I  lli|uid  having  twice  the  specific  heat  of  the  ice  'tself.     llence 
iho  conclusion  that  "the  imme<liate  cause  of  the  phenomena 
lion,  and  the  laws  of  its  communication  are  precisely  the  sam« 
'!  the  communication  of  motion," 

'  i<  i1.  or  dynamical  theory,  which  regarded  heat  as  consisting 
iilar  motion,  cannot,  however,  be  said  to  have  been  deti- 
I .  until  it  also  was  made  quantitative, — until  it  was  shown 
tint  esavt  uiuncrical  laws  regulate  the  production  of  heat  by  work  or  of 
*ork  by  heat,  equally  with  its  prodaotion  during  solidiilcation  and  dia- 
appearanoe  daring  fusion. 

T  "  -  •  ■'  liral  nature  of  the  dynamical  theory  of  heat,  we  glye 
a;.  f  the  constitution  of  gases,  first  put  forward,  in  its 

Jir  ;.  ,t   ai"!  subsequently  developed   by  Kr<)nig,4   and 

r  the  explanation  of  the  relation  existing  between  solids, 

h'l  's,  which  has  been  deduced  from  it  by  the  last-named 

piiiifwopUcr. 

Fir>f .  tb<-n,  it  is  assnmed  that  the  particles  of  all  bodies  are  in  constant 
a-  '  that  this  motion  oonstitntes  heat,  the  kind  and  quantity  of 

III  iig  according  to  the  ttate  of  the  U>dy,  whether  solid,  liquid, 

or  g.v*<v>[is. 

In  gases,  the  molecnles^-each  molecule  being  an  aggregate  of  atoms — are 
(Oppo««l  to  be  oonstantly  moving  forward  in  straight  lines,  and  with  a 
•onatsnt  velocity,  till  they  impinge  against  each  other,  or  against  an  im- 
peni-trahlc  wall.  This  constant  inipart  of  the  molecules  produces  the  ex- 
I>.  I"ncy  or  elasticity  which  is  the  peculiar  characteristic  of  the 

^-  '■-.     The  rectilinear  movement  is  not,  however,  the  only  one 

«  the  particles  are  offected.     Kor  the  impact  of  two  molecules,  , 

n-  ki»  j)la<-«  exactly  in  the  lino  joining  their  centres  of  gravity, 

Tl,  ,1  rotatory  motion ;  and,  moreover,  the  ultimate  atoms  of 

•  I  l.-s  are  roiiii>i«i-<l  may  Ih>  uniiposed  to  vibrate  within  cer- 

•     ill    f'.i     ii.i.wn  into  vibration  by  the  impact  of   the 
i:  ,        il^  n   is   calbxl  by  riausius,  Ihe  nuilluH  a/  th* 

:,„.,        i  i,.    I  I. litv  of  heat  in  tiie  gas  is  made  up  of  the 

ilTe  motion  of  the  luoioDu lee,' together  with  the  vibratory  and  other 


•  EtaaieBtaarinicinleHl  Vhlioiopliy.lStt,  l<P-  M,  M. 
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motiouii  of  tho  ooiutitaent  atoms  ;  but  th«  progres8iv<*  motion  alone,  wk 
is  the  rnusi-  of  the  uxpausire  letideiic;,  ilntKriuiUfii  Ihi-  Inuiirritlitrr.     N 
tbir  uiittvaril  jin-ssuri"  cxcrtt^l  h\  the  gn»  agninst  tln>  coiil.'iitiiiig  nunsKi 
nrige»,  an^jnliii);  to  the  hvpolliesU  oitnlvr  ounsidurntion,  fmm  thf  i 
of  a  grvnt  number  of  gaseous  iuolecul««  ajt;aiU8t  the  sides  of  the  ro>>8el, 
at  niiy  given  tvuniernture,  that  is,  with  any  piven  velocity,  tho  nu 
siU'li  iiiipacli  takiu),'  jjlace  in  a  given  time  must  vary  inversely 
volume  of  the  given  ({uantity  of  gas:  henoe  thf  preaure  varies  invi 
the  ro/umf,  or  directly  as  ihv  tlmjsittf,  which  i:^  Boyle'H  law. 

When  the  voUniie  of  the  gas  is  c<matant,  the  pressure  rcsnltiDg  fnim 
im|ifict  of  the  iiioleculcs  is  proportional  to  the  sum  of  the  masseti  of  all 
niulecules  multiplied  into  the  tujuares  of  their  veluuities  ;  iu  other  woi 
U>  tho  sn-valkxl  ri«  I'lra  or  working  force  of  the  progressive  motion.  If, 
example,  the  velocity  be  (loubleii,  vaoh  molecule  will  strike  the  l)d«s 
the  Vessel  with  a  twofold  force,  and  its  number  of  inipaota  in  a  givnn  ti 
will  also  lie  doubletl:   bencu  the  total  pri-ssure  will  be  i^uailrupled. 

Now,  we  know  that  when  a  given  iiuautity  of  any  (>«rfect  gas  Is  ni 
tained  at  a  constant  volume,  it  teuds  to  expand  by  jl^  of  its  hulk  at 
for  each  degree  centigrade.  Uenoe  the  pressure  or  elastic  force  incri 
pro|K)rtionally  to  the  temperature  rockom-d  from  — 273°  L'. ;  that  is  to 
to  the  .ilisolutu  temperature.  i'onse<|UcMtly,  the  alitoiute  lanfHtratare  is 
porlional  to  the  workiiiy  force  ot  the  yrtujressicr  titution. 

Moreover,  as  the  motions  of  the  coustitueut  particles  of  a  gas  dep«>n<t 
the  manner  in  which  its  atoms  are  united,  it  follows  that  iu  any  givvn 
the  dilTereut  motions  must  bo  to  one  another  in  a  constant  ratio  ;  and,  the: 
fore,  the  vis  vijHt  or  working  force  of  the  prtigrcssive  motion  must  Int 
quot  part  of  the  entire  working  force  of  the  gas :  hence  also  th« 
temperature  is  profKirtional  to  the  total  working  furou  arising  (rum 
motions  of  the  particles  of  the  gas. 

Krom  this  it  followM  that  the  quantity  nf  hpat  which  mnal  ho  a'ldwl 
gM  of  luinstant  volume  iu  order  to  raise  its  temperature  by  a  given  amott 
if  con.stant  and   indeiK'udeut  of  the  temi>craluro.     In  other    words, 
•peoifiti  heal  of  a  g.vi  referrol  to  n  given  volume  is  constant,  a  rc'SuU 
agrees  witli  the  experiments  of  Itegnault,  meutiomvl  nt  p.  l>'i.     Thit 
may  be  otherwise  exprcssi-tl,  as  follows:    The  M<i/ or  working  /iwr* 
yiis  in  to  the  trnrkittg  /'arrr  of  the  jrrtttfrejisive  motiuti  ig' the  mfftrctilis,  which  (si 
mmMurt  of  the  temperature,  in  a  constant  mtio.     This  ratio  is  illircrt-nt  fot 
ferent  gasra,  and  is  greater  as  the  gas  is  more  complex  in  its  cousUI 
in  other  words,  as  its  innleoules  are  made  np  of  a  greater  numl>erof 
The  spe<'inc  heat  rcfcrrivl  to  n  wmslanl  pr.-ssure  is  known  to  diScl 
the  true  specillc  heat  only  liy  a  constant  quantity. 

The  rcl.iticinx  just  considered   lMitwc<>n  the   |. ■■•-■'■■'••    vini" 
perature  of  giises.  presupjxise,   however,  cert 
vimstilution,  which  are,  )>erliaps,  npver  rigiiUy  i 
the  experimcntii  of  Magnus  and  Regnantt  show  (pp.  -iH-uO;  that  gosw 
exhibit  slight  deviations  from  Ciay-Lusgac  and  Royte's  lawa.     What 
conditions  are  which  strict  adherence  to  these  laws  would  rtH(uin<, 
bettor  undemt^Mxl  by  considering  the  rUtTerenom  of  uioU-cular  co 
which  must  exist  In  the  Solid,  lli|Uld,  ant 

A  movement  of  iuol»culi!«  miiht  l»'  !>ii|  i  all  Ihrmi 


In  tin 

tall: 

aci< 
(if  ^ 

Til 


;.  .,1.  I.  II, 


i>tliUi*ilt   ttli.MllH  m(  a  tiloli^U 

may  also  vibrate  as  tuch 


.Uitrlr  K-ulics  of  gravity,  aud  Uiv   librotioiui  may   Im  tiUhtf 
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"    :"n\rr,  vOi  '       i >'Oua  fnro's  at^t  njxm  the  body  oa  in 

il.^mn  >•  alter  tli'.'ir  ri'lalivi?  positions. 

■  •■  ■'  "■■  (It'tormiiiatt^  I>«»s*iti».ni9  nf  t'qui- 

t  thfir  ci'nlri'n  «l  jjrnvitjf,  and 
,  us.     Bat   tlie   rt-puUii'i!  actiou 

Ironi  Uir  niutidu  is  itul  alroug  euuugli  to  urvrcouiu  tliv  uiiitual  •!• 
I  uf  the  aioln<ulcs,  ami  separate  thrni  oowplutel/  fruui  ojuli  iithvr. 
!<Ue  is  not  pfmiiUK-ntly  a!i!<r>ciateil  with  its  neighl>ore,  an  In  the 
it  lilies  ool  [••ire  thrm  aiHUitaiii.'uiul/,  but  only  iimler  the 
BStMioop  iif  (i}Ti>  '  -  •'  '  iiHin  it  by  other  uhiIi'CuIi«,  with  whii'h  it  tlii-u 
^Bua  Into  t>>K  !!:.<  I  :ui  with   the  funufr.     Thi'ri.<  rxints,  thvrvrorp, 

Bil.f  li.iiiiil  ki'it  ._:  iry,  rotatory,  autl  progriiasive  movcuiKUt  of  the 

^  iiitvd   that  they  are  not  lUt-ruby  forciMi  a^uiulur,  but 

P»i  .11  vuluiue  without  exerting  auy  outward  preeiiuret 

(at  :  .iU>,  on  the  other  hand,  the  muleuules  are  rtiuovc<t  ijuite 

bryoQfJ  rii  of    their  mutual    attractions,    aud    travel  onward    in 

>trai|:l.  .:  to  the  ordinary  laws  of  motion.     When  two  buch 

lb<4iv>i  i.v  apart   fruui  tach  other,  for  the  most  part  with  a 

j^Mbi,  .,,..   Ailh  whicli  they  uauie  together.     The  perfection  of 

^^^b  .  however,  implies  :    1.  That  the  space  actually  occupied 

WIM»  -  of  the  gas   l>e   inlinilely  small   iu   comparison  with   the 

E*  .iM  ot  the  gas  ;    2.  That  the  time  oocupie<i  in  the  impact  of'a 

m^  '.li-r  ngninst  another  molecule  or  against  the  sides  of  the  vessel, 

Br  mull  in  eoiiiparison  with   the   interval  between  any  two  iin- 

Ka  '  tiat  the  luUuence  of  the   luoleiuihir   forces  be  infinitely  small. 

HFli'-n  '  '  .-ire  not  completely  fulfilled,  the  gns  partakes  more 

Hl«n  a  liquid,  and  exhibits  certain  deviations  from  Uuy- 

Br**-  ,.s.     Such  is,  imieeil,  the  case  with  all  known  gases; 

■»  \leut  with  those  which  hove  not  yet  been  reduced  to  the 

Wk^  I  to  •  greater  exUint  with  vapors  and  condensable  gases, 

Btocuiily  near  the  points  of  condensation. 

HUiM  u«  nriw  roturu  to  the  oonsiilerution  of  the  liquid  state.  It  has  been 
HM  lb  'l»<.:ule  of  a  liquid,  when  it  leaves  those  with  which  it  is 

^bad.t:  ■i.f\y  lakes  np  a  similar  position  in  regard  to  other  mole- 

BIcB.  1111^,  i.'iwever,  doi-s  not  preclude  the  existence  of  considerable 
^kgnlanue*  in  the  actual  movements.  Now,  at  the  snrface  of  the  liqaid, 
■iu««  iijii,!,.  1.  il.iii  .i  v^rliile,  by  a  peculiar  combination  of  the  rectilinear, 
pi  movements,  may  be  projected  from  the  neiphlioring 

W^'  ■  ■  r'*  as  to  throw  it  completely  out  of  their  sphere  of 

^^^^Iwluru  lU  piojecUle  velocity  can  be  annihilated  by  the  attractive 
■^gnUch  they  exert  ii|)ou  it.  The  inol(>cule  will  then  be  driven  forward 
■T^  '-'ve  the  liquid,  aa  if  it  belonged  to  a  gas,  and  that  space, 

■  ,  !y,   will,   in   (vmsequenoe  of  the  action   just  described, 

^fc»—"  .  .  r,.  lilltsi  with  these  projected  molecules,  which  will 

^P>I>"  tliin  it  exactly  like  a  eos,  impinging  and  exerting 

^P"-i'  "  of  the  envelope.     One  of  thrae  sides,  however,  is 

^'  "t  the  liquid,  and  when  a  molecule  impinges  upon 

B*'  '    genernl,  not  be  driven  back,  bnt  retoined  by  the 

^■li^  '■  the  other  molecules.     A  stAte  of  equilibrium,  not  static, 

^^^^D<  'I    iheri-fore  lie  attaitiiMl  when   the   number  of   molecules 

^^^^B^  the  space  aliove  is  equal  to  the  number 

^HH '  upon  and  are  retaineil  by  the  surface  of 

^^^^-  vapori/.ation.     The  density  of  the  vapor 

'  lion   just   uientionixl,  depends   uiion    the 

ri  .  jirojeeleil  from  the  surfowof  the  Ucintd,! 

aad  till*  i^{Mt>  npuu  the  rapiiiitjr  of  Ihtir  oioronient  within  the  U<\U^dJ 
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that  if  to  say,  iijmn  the  tomppratiin-.     It  ii>  dear,  therefore,  that  the  i 
aity  of  a  saturati-il  vapur  must  iucrease  with  the  temperature. 

If  the  space  above  the  liquid  is  previously  filKnl  with  a  gas,  the  ma 
ouloii  of  this  gas  w  ill  iuipiiigc  upon  the  surfaoe  of  the  liquid,  and  the 
exert   pressure  u)k)U   it :    hut   as  these  gas-uiolecules  oreupy  but  au 
tremely  small   projx>rtiun  of  the  spaoe  above  the   liquid,  the  particle* <i 
the  liquid  will  (>f  projected  into  that  gpoee  almost  as  if  it  were  emji 
In  the  middle  of  llie  liqiud,  however,  the  external  pressure  of  the  gas  i 
in  a  dillert^ut  mauucr.     There,  also,  it  may  happen  that  the  nioleculea  1 
lie  separated  with  such  force  as  to  produce  n  smull  vacuum  in  the  mid8t< 
the   liquid.      But   this   sjiaee  is  surrounded  ^in  all   sides   by  liiai^ses  whSd 
alford  no  passage  to  the  dislurlx'd  molecules  ;   and  in  order  that  they  ml 
increa.se  to  a  permanent  vapor-bubble,  the  nuudpcr  of  mulerules  projwl 
from  the  inner  surface  of  the  vessel  must  be  such  as  to  prcxluce  a  pressu 
outwards  equal  to  the  external   pressure   tending  to  conipresis  the  vajHir- 
bubble.     The  boiling  of  the  liquid  will,  therefore,  be  higher  as  the  extur- 
nal  pressure  is  greater. 

According  to  this  view  of  the  process  of  vaporization,  it  is  poesihle  tt 
vapor  may  rise  from  a  solid  as  well  u.s  from  a  liquid  ;  but  it  h^-  no  me 
necessarily  follows  that  vapor  must  be  furmeil  from  all  Innlies  at  all  temp 
ratures.  The  force  which  holds  together  the  molecules  of  a  Uxiy  may  ! 
t<Jo  great  to  bo  overcome  hy  any  coniliinatiou  of  molecular  movements,  I 
long  as  the  temperature  does  not  exceed  a  certain  limit. 

The  production  and  consumption  of  hnit  which  aefonipnny  changes  in 
state  of  aggregation,  or  of  the  volume  of  btxlii-s,  are  easily  explaina 
according  to  the  preceding  principles,  hy  taking  ncwuiit  of  the  work  do 
by  the  acting   forces.     This  work  is   partly  tsttrnal  to  the   body,  partJ 
internal.     To  consider  first  the  internul  work  ; 

When  the  molecules  of  a  body  ehange  their  relative  positions,  the  cband 
may  lake  place  either  in  accordance  with  or  in  opfKisition  to  the  action  ( 
the  molecular  forces  existing  within  the  Iwdy.  hi  the  former  case, 
molecules,  during  the  passage  from  one  state  to  the  other,  have  a  certa 
velocity  imparted  to  them,  which  is  immediately  converted  into  heat ; 
the  latter  cajsp,  (he  velocity  of  their  movement,  and  consequently  the  I 
perature  of  the  Ixwly,  is  diminished.  In  the  passage  from  the  solid  to  til 
liquid  state,  the  molecules,  although  not  removtni  from  the  spheres  of  lh«' 
mutual  attractions,  ncverthele.ss  change  their  relative  positions  in  opp 
sitiou  to  the  molecular  forces,  wliich  forces  have,  therefore,  to  be  overcome 
In  evajKiration,  a  certain  number  of  the  molecules  are  completely  sep 
rated  from  the  remainder,  which  again  implies  the  overcoming  of  opixwil 
forces.  In  Ixilh  cases,  therefore,  work  is  done,  and  a  certain  portion  of  tk 
working  force  of  the  molecules,  that  is,  of  the  heat  of  the  lx)dy,  is  lo 
But  when  once  the  perfect  gaseous  state  is  att.iined,  the  molecular  foro 
are  completely  overcome,  and  any  further  expansion  msy  take  place  wit 
out  internal  work,  and,  therefore,  withont  loss  of  heat,  provided  there 
no  ext«*rnal  resistance. 

Hut  in  nearly  nil  cases  of  change  of  state  or  volume,  there  is  a  certa 
amount  of  external  resistance  to  hip  overcome,  and  a  corresponding  loss  ( 
heat.  When  the  pressure  of  a  gas,  that  Is  lo  say,  the  impact  of  its  aton 
is  exerted  against  a  movable  obstacle,  such  as  a  piston,  the  molecules  lo 
jnst  as  much  of  their  moving  power  as  they  have  imparted  to  the  piston, 
and,  consequently,  their  velocity  is  diminished  and  tlio  temperature  low- 
ered. On  the  Mintrary,  wlien  a  gas  is  compressed  by  the  motion  of  a 
piston,  its  moleculi-s  are  driven  back  with  greater  velocity  than  that  Willi 
which  they  impinged  on  the  piston,  and,  consequently,  the  temperature 
of  Die  gta  is  raised. 
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When  ft  liqnid  is  eonTerted  into  vapor,  the  moleoales  have  to  overcome 
the  atmospheric  pressure  or  other  external  resistance,  and,  in  consequence 
oC  this,  together  with  the  internal  work  already  spoken  of,  a  large  qnan- 
titj  of  heat  disappears,  or  is  rendered  latent,  the  quantity  thns  consamed 
bring,  to  a  considerable  extent,  affected  by  the  external  pressure.  The 
liquefiM^on  of  a  solid,  not  being  attended  with  mucli  increase  of  rolnme, 
iaTolTes  bat  little  external  work  ;  nevertheless  the  atmosphuric  pressure 
does  iaflnanoe,  to  a  slight  amount,  both  the  latent  heat  of  fusion  and  the 
SMlting  point. 
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Two  views  have  boon  entertaineJ  respecting  the  nature  of  light, 
ton  imAginoil  thnt  hiiuinuuii  bodies  viuit,  or  Khoot  uut,  iufinitcly  »u 
tiole-i  in  straight  lined,  which,  by  peuetratiug  the  traiiapareut  purtii  ( 
eve  ai>il  falliu);  upuu  the  nervous  tisiiue,  prixluee  vision.  Other  pb 
phera  drew  a  jiarallel  betwei.'n  the  proj>ertii*d  vf  li;;ht  und  those  of 
and  considered  that,  wi  euund  is  ei'rtainly  the  ell'ect  of  uudulationa" 
little  waves,  propagated  through  clastic  bodies  iu  all  directions,  so  ligl 
rai;;ht  bu  nothing  more  than  the  cousequcncv  of  similar  undulations  tnu 
inittutt  with  inconceivahlu  velocity  through  a  highly  elastic  medium,) 
exoessive  tenuity,  (illiiig  all  apace,  and  occupying  the  intervals  betvei 
the  particles  of  material  substances.  To  this  medium  they  gave  the  nan 
of  elhur.  The  wave  hyiKithesia  of  light  is  at  present  generally  aiioptc 
It  is  iu  h.trinony  with  all  the  known  phenomena  discovered  siiico  the  tin 
of  Newton,  not  a  few  of  which  were  Urst  deduced  from  the  undulstoi 
theory,  and  afterwards  verified  by  experinii'nt.  Several  wull-kiiown  tao 
are  in  direct  opjMsitiou  to  tha  theory  of  euiiasion. 

A  ray  of  light  emitted  from  a  luminous  l>ody  proc«ed8  in  a  straight  lin 
and  with  extremn  velocity.  Certain  a.^tronomical  observations  afford  tl 
means  of  approximating  to  a  knowledge  of  this  veUx  ity.  The  BatcUitca  < 
Jupiter  revolve  alniul  the  planet  in  tlie  some  manner  aa  the  moon  aboi 
the  earth,  sud  the  time  of  revolution  of  each  satellite  is  exactly  know 
from  its  periodical  entry  into  or  exit  from  the  shadow  of  the  planet.  Tl 
time  required  by  one  is  only  42  hours.  ROmer,  the  astronomer  of  Copsi 
hagen,  found  that  this  period  appeared  to  bo  longer  when  the  earth,  in  i 
passage  round  the  sun,  mored  from  the  ptriuet  iJupiter ;  and,  on  the  coi 
trary,  ho  observed  that  tho  perioiiio  time  appean^d  to  Iw  shortpr  when  tl 
earth  moved  in  the  direction  towards  Jupiter.  The  dilTerenco,  thong 
very  small  for  a  single  revolution  of  tho  sat«.'llit<?,  increases,  by  the  add 
lion  of  many  revolutions,  during  the  passage  of  the  eartli  from  its  neare 
to  its  greatest  distance  from  Jupiter,  that  is,  in  atmnt  half  a  year,  till 
amounts  to  18  minutes  and  Iti  seconds.  Romer  concluded  from  this,  tht 
the  light  of  tho  suu,  reflected  fnim  the  satellite,  roquiretl  that  time  to  pai 
through  a  distance  eiiual  to  tho  diameter  of  the  orbit  of  the  earth  ;  an 
silica  this  space  is  little  short  of  200  millions  of  milira,  the  velocity  of  ligl 
cannot  be  less  than  2l.>l),lH>t)  miles  in  a  second  of  time.  It  will  be  set^ 
hereafter  that  this  rapidity  of  transmission  is  rivalled  by  that  of  electricil) 
Another  astronomical  phenomenon,  ol>served  and  correctly  explained  t 
Bradley,  tho  aberration  of  the  fixwl  stars,  leads  to  the  same  result.  Phy» 
eists  have,  moreover,  succeeded  in  nieasnring  the  velocity  of  light  for  t« 
restrial,  and  indeed  c-oniparatively  small  distances  ;  the  results  of  the* 
experiments  essentially  oorrespoud  with  those  given  by  astronomioal  ol 
Bervationa. 


I 


Reflhctio!!. — ^Wlion  a  ray  of  light  falls  npon  a  honndary  between 
media,  a  part  of  it,  and,  in  exceptional  cases,  the  whole,  is  reflected  inl 
the  first  medium,  whilst  the  other  part  penetrates  into  the  second  medinir 

The  law  of  regular  reflection  is  extremely  simple.     If  n  line  be  drawl 

perpendicular  to  the  surface  upf»n  which  the  ray  falls,  and  the  angle  con 

tained  between  the  ray  and  the  perpendicular  lie'nienKured,  it  will  !«•  founc 

t/i/it  the  rajr,  after  rejection,  takes  such  a  course  as  to  make  with  the  per 


Fig.  40. 


Fig.  41. 
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otjOAl  angle  on  the  opposite  side  of  the  latter.     A  ray  of 
*..  Tining  at  tUe  point  r,  will  be  refloctmi  in  the  diroctJon  pb',  nutking 
w'rp'  «><iaal    to  the  angle  epp'; 
■    irom  the    point  r  falling  u])on 
uiae  siioi  will    bo   redrctcd  to  r'  in 
M«(  Iba  »anM)  law^.    Further,  it  is  to 
li  AMVTed,   tlukt   the    inriJcnt  and  re- 
njra  are  alwajra  contained  in  the 
■MBcriaal  plane. 

rale  holds  good  if  the  mirror 
Wmred,  ■■  a  portion  of  x  Bph(.<re,  the 
Wtag  considermi  aa  made  up  of  a 
fartlllllilii  of  litUu  planes.    Parallel  rays 
la  be  Ml  when  reflected  tromcnrred 
oa,  liwauwning  divergent  or  conver- 
—nwlitig  ma  the  refl«H-tin^  surfaeu  is  convex  or  coneare. 
-      w«U»  roQgh  and  uncvi-n  surfaces,  the  smallest  parts  of  whir.h  are 
lowarda  each  other  wilhout  onler,  reflect  the  light  dilfusud.     The 
of  bodies  depends  upon  the  difl'used  rcflectml  light. 

K0«AL-ni».  —  It  has   Just  been  Btnt(>d   that   light  passes   in   straight 

fc»;  b<it  thi«  i»  true  only  «o  long  as  the  medium  through  which  it  travels 

■$  the  ssine  density  and    the   same 

1  tuitnre:  when  this  ceases  to  be  the 

—  "  of  light  is  bent  from  its  course 

•  •',  or  is  said  to  bo  rr/mcled. 

^.  41)   be  a  ray  of  light  falling 

^a  ■  fimm  of  some  trant<parent  substance 

vak  ywallel  aiilt^,  sach  as  a  piece  of  thick 

ifHeflaaa— to  short,  any  transparent  houio- 

Ca>  taatcrlal  which  is  either  non-crystal- 
or4I]r»tallix«  in  the  reguLar  system  ;  and 
Wahtte  point  of  contact  with  the  upfHT 
Wtac*.  Themy,  insteaii  of  holding  agtraight 
am*  awl  passing  into  the  glass  in  the  diroc 
ka  «  «,  will  be  bent  downwards  to  c  ;  and,  on 
tariaf  the  gl-ass,  and  issuing  into  the  air  on 

Ai  «l£er  side,  it  will  .tgain  Im)  bent,  but  iu  the  opposite  direction,  so  as  to 

ask*  It  par.>  cuutin nation  of  its  former  track,  provided  there  be 

^  toi  tlie  IU  on  the  up|>er  and  lower  side  of  the  plate.     The 

law  :•  wri-  '  \iircssed:  When  the  ray  passes  from  a  rare  to  a  denser 

It  is  inually  nfractetl  ItmnrJa  a  line  perpendicular  to  the  surface 

•f  ii«  Utts-r  :   and  conversely,  when  it  leaves  a  dense  medium  for  a  rarer 

»  rvfracted  frrmt  a  line  perpendicular  to  the  surface  of  the  denser 

in  the  former  case  the  angle  of  incidence  is  greater  than  that 

I ;   in  the  latter,  it  is  leas.     In  both  cases  the  direction  of  the 

ray  is  in  Uie  plane  r  a  »,  which  ia  formed  by  the  falling  ray  and 

jaiiiciiidieular  •  a  drawn  from  the  spot  where  the  ray  is  refracted ; 

Qa  s*gfe  a  a  ■  as  B  a  s',  is  called  tlw  angle  of  incidence.     The  angle  c  A  s' 

hailed  the  angle  of  refraction.     The  difference  of  these  two  angles,  that 

■■  1^  aagle  c  a  a,  ia  the  refraction. 

IV»  aaKrant  of  refrarlion,  fur  the  same  mi'dium,  varies  with  the  obliquity 
•hk  wlikh  the  ray  striki-*  the  surface.  When  perpendicular  to  the  latter, 
>!■  ray  |imt»  wll'liont  change  of  direction  at  all  -,  and  iu  other  positions, 
tk»  rriraetion  Incrraaes  with  the  oliliqnity. 

Im  a  (Bg.  -12)  represent  a  ray  of  light  falling  upon  the  surfaee  of  a  mass 
•(|iat»  glM*  at  the  point  a.    From  this  point  let  a  petpondiculor  fall  aud 
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be  oontinnod  into  the  new  ntiidiiuu,  aud  around  tlip  sMme  point,  an  i 
let  a  circle  be  drawn.   According  to  Ihu  Irnr  just  slateil,  the  rrtraction  i 

Ih>  towards  the  porpoinliciilar ;  iu  Uii.  lUrxA- 
Tlf.tX  tion  A  ii',  for  examplu.     Li-l   il 

a'— a',  at  right  angliis  In  tin-   ; 
lie    drawn,   and    tlu'ir    !•" 
ux^nna  of  a  hcbIo  uf  cqu'i 
their  length  will,  in  th<.'  ■ 
proportion  of  3  to  2.     Tln-so  limn  are  td 
the  tines  of  the  anglm  of  inddeuvc  and  I 
tion  rpsppctively. 

Hove  let  another  ray  be  taken,  soch 
it  la  refracted  in  the  Esme  niannnr  to  r*,! 
bending  lieing  greater  from  the  iiuTeaaud 
liquity  of  the  ray  ;  hut  what  ia  Vfry  re 
able,  if  the  sines  of  the  two  new  anglrs  ( 
ciilenro  and   refraction   be  again   conipl 
they  will  .still  bo  fonnd  to  liear  to  earh  otbcT 
the  proportion  of  3  to  2.     The  fact  in  expressed  by  saying,  that  to  Inns 
the  light  passes  from  one  to  the  other  of  the  same  two  njiilin,  the 
the  linrt  of  thr  iiaijltji  nf  incidmca  and  rf/rnction  itconiilanl.    This  ratio  is 
the  imifx  nf  rr/raction. 

Uilfcrent  bo<Iies  possess  different  refractive  powers;  generally  spci 
the  di'n.se»t  substances   refract  mont.     CnnibuKtible  bodies  have  bi-ci 
ticml  to  possess  greater  rtjfractife  jwwer  than  their  density  wuutd  ind 
and  from  this  obserration  Newton  pre<licted  the  oombuBtible  nature 
diamond  long  before  anything  was  known  respecting  its  ehcmicjil  nal 

The  metho<l  adopted  for  describing  the  cvniparative  refractive  jm' 
different  Ixxiies,  is  to  state  the  ratio  Iwrne  by  the  sio''    '    ' 
dnnee   in   the  first  mislium   at  the  boundary  of  the  r*. 

the  angle  of  refraction  in   this  second  medium  ;  this  ir 

rrj'rnrlinn  of  the  two  Bulwtances  ;    it  is  greater  or  lets  than  \n 

as  the  seeond  medium  is  denser  or  rarer  than  the  first.      In  n  ifi 

anil  plate  glass  the  index  of  refraction  is  1.6. 

When  the  index  of  refraction  of  any  particular  substance  is  once 
the  effect  iif  the  latter  uixm  a  ray  of  light  entering  it  in  any  (icwitii 
be  calculatiM  by  the  law  of  sines.      The  following  table  ezhihitx  the  t 
of  rerractinn  of  several  sulistances,  supposing   the  ray  to  piuut  into 
from  the  air  ; — 

Siibttsnen,  Index  of  refntatlon. 

Tabashoor*  .         .     I.JO 

ree    .  .     1.30 

Water  .1.34 

Fluor  spar  1.40 

Plate  glass  .         .     1.60 

Bock-crvxtal  .         .     1.60 

Chrvsolite  .         .1.69 
Bliiilphideof  oarbon    1.7Q 

When  a  lumtnnnft  ray  xntent  «  mM«  of  fni>«tanpe  dtfTerlnir  In  reftvoUn 

|,  '         ■■      air,  and  wl'  '  "  •■  •     ■   ■ -  . - 

1  from  It" 

tl...    ,.j ,...    .;..il  the  pni|> 

on  »xauipl« :    Fiirure  43  ropresont*  •  Iriangnlor  prism  of  glass,  d| 

■  A  ■Iltoeoos  deposit  la  Ihf  Joints  of  the  bamboo. 


Substaaeeo.       lodnt  of  ntl 
Oarnet      .         .         .     l.fl 
Gloss  with  much  ox- 


iile  of  lead 

.     l.S 

Ziriwu 

•_•  t 

CliHsphoruB 

Piamond  . 

-    ^ 

Chromate  of  lea*! 

■M 

Cinnabar  . 

'% 
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If  iiF  whirti  U)«  TAy  of  light  b  may  be  £n|ip«ed 


FJg.iS. 


I-  ray  will  uf  Miursi<  be  rv(riu:te<l,  on 

iitMft,  UtwftriU  »  line  pi'rjwiKlit'aljir 
11,  fnmi  a  lino  pi>r- 
'  facf,  on    pnitTKing 
1-  ilie  di'tli'ction  «  c  K, 
111  of  thu  two  ilfflwtiona 
^     -  in  paitsing  tlirungh  ihi"  prism. 
Ji  iiB  is  ibdB  enalilwl  lo  converge  rays  of  light  falling  upon  it, 

UKt  ■•  lens  to  separate  them  laore  widely  ;  eoch  DPiiaratv  part  of 

lit*  hurlAuti  of  the  lens  producing  its  own  inclepondeiit  etTeot, 

ItierKBNoif — The  light  of  the  sun  and  r<>lo«lial  Ijodire  in  general,  as 
veil  as  thai  of  the  electric  spark  and  of  nil  ordinary  Itaiues,  is  of  n  com- 
nature.  If  a  ray  of  light  from  any  of  the  soun-i-s  mentioned  lie 
into  a  dark  room  by  a  small  hole  in  a  shnller,  r>r  olli>'rwi»e,  and 
raSiired  to  fall  U[>on  a  gloss  prii<ni,  in  ttio  manner  shown  in  fig.  44,  it  wilt 

Flg.W. 


l)»  tefraot<rd  from  its  Rlriiiglil  eonrse,  Imt  will  !"•  decomposed  into 

l»  r   of  l^<1lore•l    rays,  which   may  he   reci'ived   npon  a  white  screen 

1   llie   prism.     When  solar  light  Is  employed,  the  colors  an 

'lUiaDt,   and  spread    into   on   oblong   space  of  considerable 

TTm*  |>»i«ni  being  plaend  with  its  base  npwartls,  as  in  fig.  44,  the  npper 

fa-'     -  ■'  „,  vjll  )«.  violet  and  the  lower  re<l,  the  inter- 

Bi'  from  the  violnt,  Ix'ing  indi^io,  blue,  green, 

...  ...i.ifiling  ini|>crceptibly  into  each  other.     This  is 

•  rini"-nl  of  ^ir  Is.iac  Newton  ;  from  it  he  drew  the  infcr- 

/lit  is  coniiM>?iii  of  seven  primitive  colors,  the  rays  of 

wi  ly  refrancible  by  the  same  medium,  and  hence  capable 

q!  ■-  .r;itml.    The  violet  rays  are  most  refrangible,  and  the  red 

|liall««  of  the  same  rsfraotive  power  do  not  always  equally  disperse  or 
■pifil  ■  ■  ■  'Ifrerelilly  r<ilored  r.vs  In  the  same  extent  ;  because  the 
f«teri|>-  r  red  V-ivs.  for   instance,  are   eqnally   refractol  by  two 

prttau  ..;   t  materials,  it  does  not  follow  that  the  blue  or  the  violet 

wfll  Xxf  tinnlarly  affected.     Hence,  prisms  of  dilTerent  varieties  of  glass,  or 


■>  lire  •iippo^ed  to  rconlt  ft'om  tlie  r"wer  poBscssed 

some  of  the  colorert    ri\yl>,  wlille  thnv   rerieot   or 

."  remilndor  of  the  r«j«.     Phm  an  object  «I>pc«rs 

,u.«-.  In  rti-npi.pur  ttie  jellow  snil  liliie  mj!.  coinposliin 

it  Is  II1iimin»ii.Ml      Any  rotor  wlil.'li  rrmMrm  nflcr    he 

,r   frnin  i.l.llo  llehl,  1»  sni'l   to  hf  com(W. moi/orj  to  itis 

n    «nlin»   •lmulti\neoii«l.v.    reprotlucc    wlilte 

nuoletl,  red   suit  itrien  nrc  noiiplcmrlilnty 

1    rolor.  (rlvliiK   rln--  tn  uhlie   llpliT    m«v  t* 

-l^ll    !•»  n.iHliie    ti>   ■•i,i>rnrtlirr  qiitnllfira   n   rone-rrd   (olultou    01 

.-n  molutJoa  of  alckrl :  Hie retulrliig  liquid  it  aeittly  colurleu. 
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other  transparrnt  RulMtanoea,  give,  nndcr  gimilar  drcnnist«nc«a.  re. 
diffurent  spectra,  both  as  respects  the  length  of  the  image,  and  tht:  tvUlil 
pxt<."nt  of  tilt"  colored  bandit. 

The  npp<!arani.-e  of  the  «p<?ctrnm  may  also  vary  with  the  nature  of  . 
aourcfl  of  light :  the  invistlgatinn  of  thiwe  differences,  however.  Involi 
the  nao  of  a,  more  delicate  apparatus.     Fig.  46  shows  the  principle  of  sui 

FIj.  is. 


■n  apparatus,  which  is  called  a  tprrtTotmpr.  The  IIk'iI.  passing  throag 
a  tine  «lit,  s,  impinges  ii|i<jn  a  llint-gluss  prism,  />,  \>y  which  it  i»  illsiwree 
The  deiH>in|K>S(xl  light  emerges  fn>iii  the  prinm  in  several  <lirevli(iim  ln<twex 
r  (ri«l  rnyi>;  uud  r  (violet  ravH)  ',  uud  the  spectrum  thus  produce*)  is  ob- 
served li.v  the  telesoojH>,  f,  which  receives  only  part  nf  it  nt  once  ;  but 
several  parts  may  be  readily  cxoiniued  by  turning  slightly  either  the  pril 
or  the  telescope. 

if  the  solnr  s|>eclrnm  be  examine<l  in  this  manner,  numerous  dork  IL 
parallel  with  the  e<lne  of  the  prit-in  are  observed.  They  were  diswven 
in  1)<(I2  by  Ur.  Wi^llaston,  and  subsequently  ninre  minutely  invi«tigat( 
by  Fraunhofer.  They  ore  generally  known  as  Fraunhofer's  lines.  Tli 
dark  lines,  which  exist  in  great  nuuilH-rs,  ami  of  varying  strength, 
irregularly  distributed  over  tli«  wlmle  H|H'etrum.  Some  of  tliem,  In  inui- 
■eijuence  of  their  peculiar  strength  and  their  relative  position,  may  nl-.v  .<  < 
be  easily  reoogniiwl ;  the  more  ciuispicuous  arc  represented  in  6g.  I 
in  the  frontispiece.     The  same  <lurk  lines,  though  paler,  and  lUD' 


rig.  to. 

■•4.  OrtSK.  Tffllnw.  Or^m.       BI|H< 

A   BU       U        U        F 


la.Uin.        TloM. 


Sua 


Dark  llaes 


Icnit  to  remgnfte,  are  oltservod  in  the  spectmm  of  planet* 
the  sun  ;  for  instauoe,  in  the  light  ematuiting  from  Vcuua.     >' 
hand,  the  dark   lines  oliserve<l  in  the  spectra  which  are  prn<l 
light  emanating  from  Itxcd  slurs — from  iJiriiu,  for  iiMtoiiuo— ditlor  to  [mat-' 
tion  from  those  previously  nientioneil. 

Sources  of  light  Mliich  lontaln   no  volattia   oonstltnent*— ". 
platinum   wire,  for  examjili' — furnliili   continuous   fjiertra,  fs 
such   lines.      But  if  volatile  sulmtancea  !»•  |irc$ent  iu  the  sourt'e  ol_ 
bright  lines  are  olwi-rved  in  the  s)MN!lrum,  which  are  frequently  eh 
istic  of  the  volatile  sulistnnees. 

Professor  PIQckc.r,  of  Itonn,  has   invevtigated  the  siMM-tra  which  »r«i  1 
dooed   by  the   electric   Iil-IiI  wlun    ct.vcl.i.cl    in    v.-ry  r«ri'l1i«l    l-H'^c 
found  the  bright  li"  i  the  llni-s  v 

siderably  with  diir.  i  hcht  wix   I 

a  mixture  of  two  gni"  >,  Utr  •!».  (iiiiu  tliiin  »l>t.iiiii'd  exli  'tj| 

oualr-  ihr  fffculiar  »/«<cira  he|.«iging  to  the  two  e**™  '^  ^ 
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cocuuitvil.     WliKii  llip  I- 
ut  betnx  dRcvnipiisoit  l<> 

ttUxl  by  •' •-■^    ' 

Maui 
Jn».r.  li. 

tr- 


»iui  made  in  gaf'  oniiits  rApnUu 

n-  uurri'iit,  tliii-  ■  ion  was  iniii- 

i.><l  cmislitii>'nt»  1"  ■Mil, IV  i",'n;cptili|i', 
I  ix»l(ir>Ml  llniiK'S  With  •■xainiiioil  \iy  Sir 
u  .  A.  Miller.  Witliiii  llu-  last  fuw  yi-attt 
(tr<?M<"<l  iiu|x>rlanc<.!  havu  boon  obtaintnl  by  Kirvhbnff'  »nd 
hkvc  iiiVMli^'atiMl  tilt)  sptHarn  furnishixl  by  the  iiiuamU-gcciice 
of  v.iUtilrf  9ulisiJiui»-9  ;  tlit^><  resi-ari'bfa  have  cnriclMKl  chemistry  with  a 
Brw  m^^hiiil  rif  analysis,  thn  siialysia  by  iipMtruui  obfterratiouH.  In  order 
to  r<ic/vi  ■■{  lhi<  uu-talti  of  the  &lkaliiii  or  of  the  alkaline  i-arllis,  it 

k  ((xtK-i  ut  to  intrtxIUL'V  a  miiiutc  iiii.'intity  nf  a  nuKlcrateIr  voln- 

Ulr  «Kiii-"i'C.  i  ■■.  lliH  mvtal,  im  the  Imp  of  a  platinum  wire,  into  the  edge 
of  Uie  very  hot,  but  scarcely  luiuiuou.i  flume,  of  a  mixture  of  air  ami  eoal- 
gao,  Aod  to  cxaioine  (he  speetrum  which  is  furnished  by  the  flame  uou- 
UiiiiBg   U>«  TApoi  of  the  metal  or  its   oompouud.    Fig.  47  exhibit*  the 

Fie.  47. 


•fpparAtni  which  is  nse'1  in  performinf^  experiments  of  thin  dettcriptinn. 
Ttir  ItKht  of  tlie  llarae  in  wliieh  the  metailic  cnni|H>iind  is  evaporated  piisHea 
thm^irh  th"  Bne  slit  in  the  disk,  «,  into  a  tnlx",  the  opposite  end  of  wliioh 
t»  '    vith  a  fvmvex  lens.     This  lens  collects  the  rays  diverging  from 

11  throws  them  parallel  npoti  the  prism,  //.     The  li^'ht  is  cieeom- 

|>  -  v-'-vi    "III  the  spectrum  thus  obtained  is  observed  by  moans 

«l  m.iy  be  turned  round  the  axis  of  the  stand  carry- 

lii.  1  light  is  exclode<i  by  an  appropriate  ooverinj;. 

■  inentary  treatise  do  not   permit  us  to  desorih«  tlie 

h- :  whii'h   have  Ix'en  contrived  for  sending  the  liclit 

■  h  the  s.ime  prism  at  ili/ferent  heights,  whereby 

I  nm,  for  instance,  and  that  of  a  flame,  may  h«>. 

j.iK.i    ill  :i  (Kir  111.  I    jiM^iii  .11,  the  oni'    above  the  other,  and  thns  1m' wini- 

}>aral.*  Tbi'»p"r!r;i  of  l1.'iiii>-«  in  which  dilfercnt  snbstnnce!i  are  volatiliiiMi 
revjurntly  exhibit  such  clmraoteristically  distinct  phenomena,  that  they 
may  Iw  auni  with  the  jrnatest  .-idvantafre  for  the  disiriminalion  of  thestt 
«:;lr,rai.. .  -.  Thun  the  !<|.ri  iriim  if  a  Hiinie  containing  sodium  (Na)  exhibita 
on  the  yellow  {«>rlion,  Itie  spectrum  of  potassium  (K)  a  chor- 
ight  line  at  the  extreme  limit  uf  the  red,  and  nuutber  at  li\e 

^P  *rt  <l<r  untrir  "SptatnlAniUyl;  "  bf  Prof,  Roieor,  In  Wattt*a  Ulctiounr]  ^ 
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opptMilu  Tiolet  limit  of  Uie  spoplrum.     Utluuin  (Li)  uliowa  n 

lioiit  lino  in   the  red,  &nd  a  paler  liiut  in  tlio  yrllnw-   ]xirti<" 

(Sr)  a  bright  lino  iu  the  blue,  one  in  the  orango,  ami  six  li-»> 

in  the  red   |x>rti<)n  of  the  S{H>otnun.     The  friiiiliepiccK  nhil 

remarkable  of  the  dark  linits  of  the  solar  jipii-trtiin  (Krniinii' 

mid  the  position  of  the  bright  lines  in  the  8p<M;lra  of  tlani<«  iHmk^iiuii);  I 

vapors  of  comiwunds  of  the  metals  of  the  alkalies  and  alkaline  eurthn, 

of  the  metaU  thallium  and  indium. 

The  delieacy  of  these  spectral  reactions  is  very  mnsidcrabi*,  bat  un 

in  the  case  of  different  metals.     The  presence  of .    cruin  of 

2tK),(KH),000 
dinm  in  the  flame  is  still   easily  rwopniiatile  by  the  bright  yellrrw  lir 
the  s|>er(runi.     Lithium,  when  intr(><luoe<l  in  tlio  form  of  a  vi>latil« 
ponnd,  imparts  to  the  Hame  a  rol   color  ;  but   (his  coloration  Is  no  loi 
perceptible  when  a  volatile  sodium   componnd  is  simnltnnenusly  privi 
the  yellow  coloration  of  the  flame  ])riilominnting  under  such  eircumstand 
But  when  a  mixture  of  one  part  of  lilliiiini   and   1000  parts  of  sodturi 
volatilized   in  a  tiame,  the  spectrum  of  the   Hume  exhibits,  together 
the    bright   yellow    soiliuiu    line,  likewise    the    red   line  chnractcrisllol 
lithium.     The  observation  of  bright  lines  not  belonging  to  any  of  the  | 
vioiisly  known    lHxlii>fl   lias   led  to  the  discovery  of  new   el'-Mivnts. 
Bunseu  and  KlrchholT,  when  examining  the  S|>eetrum  of  a  danie  in  whiu 
mixture  of  alkaline  salt  was  evniiornted,  observed  some  bright  linvs,  nl 
oould  not  Iw  attributed  to  any  of  the  known  elements,  and  were  thiis  | 
to  the  discovery  of  the  two  new  metals,  cai-sium  and  rubldiiim.     By  f 
some  mi'thod  a  new  element,  thallium,  has  been  more  recently  dUcovi 
by   Mr.  C'rookes  ;    another,  called   indium,  by  Keich   ami  Kichler  ;    an 
third,  called  gallium,  by  Leeoq  de  Boisbiiudran. 

For  the  examination  of  the  bright  lines  in  the  spectra  of  metnli,  1 
electric  spark,  passing  In'tween  two  {Hiints  of  the  metal  under  exnminatl) 
may  lie  conveniently  employed  aa  a  source  of  light.  Small  i|Uiuitititiij 
the  metal  are  invariably  volatilized  ;  and  the  spectrum  developeil  liy  | 
electric  light  exhibits  the  bright  lines  characteristic  of  the  metal  employ 
Tliese  lines  were  ol»erve<l  by  Whoatatone  as  early  aa  1835.  Tliis  nmtj 
of  inv<>stigation  is  more  ■'Specially  applicable  to  the  examination  of 
spectra  of  the  heavy  metals. 

By  a  BcrjiH  of  Uieoretical  considerations,  Profi-ssor  Kirchhoff  h«»  arri'l 
at  the  (vuielusion  that   the  »p<vtriini  of  an  inc:iiid>.«i>iit  gas  is  revenue 
I.  f,,  that   the   bright    lines   iH'iiimo   dark    lines— if   there   lie   iN'UiJt 
Incandeicent  gas  a  very  lumimius  soure<-  of  light,  which  by  itself  f 
H  ninlinuons  s|M'ctmm.      Kirchhoff  and  Bunsen  have  fully  eouUrn 
conclusion  by  experiment.     Tlius  a  volatile  lithium  salt  prodii"*, 
pointed  out.  a  very  distinct  bright  line  in  thi-  r>il  portion  of  the  sj. 
but  if  bright  sunlight,  or  the  light  emitted  by  a  solid  bcly  heated  to 
most  powerful   incandescence,  Vk>    allowed  to  fall    through   Ihn  tlauie  u( 
the  prism,  the  si>eclrum  exhibit*,  in  the  plac<?  of  this  bright  I  • 
line  similar  in  every  respeit  to  Fruunhofer's  Ihufi  in  the  snl 
In  like  manner  the  bright   «ir..i.ii.ii..    li....   ;^   r....,r..-.i    iniu  . 
KirchholT  nn.l  Bnnsen  have.  U  llic  Fraunb4 

Unns  in  the  solar  B|)ectruin  nr  .d.     In  their  ( 

reption,  the  sun   is  surronndi"!    br  n   liiiiiiuiju»  atiiii»,|iliere,   mntolnlu 
certain   numlwr  of  vnlalillicl   *ol~»siiiv»,  wbi.-b  woul.)   frivi'  rU«  in  , 
«Iiectruui  to  ivrtain  bright  llii 
oould  rnacli  Uic  prism ;  but  1 1 

<»lit  tioily  of  the  sun,  which  I'M—i  -  iiii,.ii.-ii  wj.' »..i.ii  ,iimi..-|iii( 
tAevr  bright  liun  to  Ix'  revrnxjil  odJ  to  appear aa  dark  llnc»  on  the  rrJiaa 


led 


>  i(ti  tliu  same  uunitM:'r  oT'dwl  lines  m  (Tuj^ 
[/,  he  beliovoa   iron,  in  the  sLalv  of  vapor^ 
t  in  tlit<  tuilar  iiliiioitphcre.     In  n  similar  uinunor  tliig  ph.rsivist 
'ornl  to  ceUblisU  the  presence  of  Kovcrol  other  vlcaients  in  tliu 
ibcre. 

■ — The  rplntive  quantities  nf  Iha  gpvnral  colored  rnys 

•  1  ini^liuiu  of  given  thiclcm.'ss  may   bn  oIbitvihI  by 

Ijjal.  -;Ut    tlimugh  a  prism   and    tlio    iX)lor>'d   medium;  tho 

pni  will  then  l>e  nceu  to  Iw  djmiiii.slii'd  in  l]Vigbtne!i!i  in  souk'  parts, 

lerbapi  cut  off  altogcthor  in  othon<.     Tliis  moilu  of  observation  is 

•f  great  use  in  chemical  analyiii.s,  ns  many  colored  nutistances  when 

txamined  afford  very  characteristic  spectra,  the  peiuliarities  of  which 

r  iiished,  e»en   though    the   solnlion  of   the   substance 

'intains  a  sutficient  amount  of  colored  impurities  to 

,.p.  ...,  oonsiilerably.     Tlie  following  method  of  making  the 

9  given  by  TroO'saor  Stokes.* 

r  prism  is  to  be  chosen  of  dense  flint  glass,  ground  to  an  angle  of 

id  just  large  enough  to  cover  tho  eye  comfortably.     The  top  and 

should  be  flat,  for  convenience  of  holding  the  prism  between  tho 

and  forefinger,  and  laying  it  down  on  a  table  so  as  not  to  scratch  or 

laces.     A  fine  line  of  light  is  obtained  by  making  a  vertical  tlit  iu 

six  inches  square,  or  a  little  longer  in  a  horizontal  direction,  and 

\f  to  the  aperture  two  pieces  of  thin  met.il.     One  of  the  metal  pieces 

able,  to  allow  uf  altering  the  breadth  of  tho  slit.     About  the  Criieth 

I  Is  a  fuitable  breadth   for  ordinary  purposes.     The  board  and 

slii>ul.l  lie  well  blackened. 

o-d  at  arm's  length  against  the  sky  or  a  luminous 

.  wo  will  suppose,  in  a  vertical  direction,  and  viewing 

t  tJius  formed  through  the  prism  held  close  to  the  eye,  with 

J,  a  pure  opeutrum  is  obtained  at  a  proper  azimuth  of  the 

irism  round  its  axis  alters  thi^  focus,  and  thepro{>er^ 

~  e  whole  of  the  sjiectrnra  is  not,  indeed,  in  perfec 
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absorption  might  b«  miased.    ir  the  solution  bo  cont&iuiHl  in  a  wedge-shaji 
vessel  instead  uf  a  tt'»t-tul)o,  the  progress  of  the  absorption  may  be  wat 
in  a  continuous  manner  by  Klidini;  thn  vi?ssi>l  lieforo  the  <>yi>.     Some 
servers  preft-r  usiu;;  a  WLvigi'-shapcd  vcjssel  in  eomliinatioii  with  the  sU 
tVia  slit  being  perptmiiicniar  to  the  eil);e  of  tliu  Wi><]gn.     I:i  tiiis  case  ca 
element  of  the  slit  forius  an  elementary  spectrum  eorrespomling  with  j 
thickness  of  the  solution  which  increases  in  a  continuous  manner  from  I 
edge  of  the  wedge,  where  it  vanisiiea.     This  is  the  mode  of  obscrvat 
adoptetl  liy  (ilaflstone.* 

I'ig.  48  reprejsents  the  effect  produced  in  this  way  by  a  solution  of  che 
mio  chloride,  and  tig.  49  that  prodnoed  by  a  solution  of  potassium  po 
ganbte. 

Fig. «.  Fig.  «. 


••     Gw  r  ic  0 


C      F  DB 


The  right  hand  side  of  these   figures  oorrcsponda  with  tlio  red  end 
the  spectrum  ;  the  IcU.ts  rrfer  to  Kraunhofer'a  lines.     The  lower  part 
each  (Ignra  shows  the  pure  spectrum  seen  tlir(iu;j;h  the  thium-sl  part  of  til 
tredgo ;  and  the  progress  of  the  atworption,  tis  tlie  thickness  of  the  liqu 
increases,  is  seen  by  the  gradual  obliteration  of  tlio  spectrum  towards  i 
npjHjr  part  of  the  figures. 

Fluorrsrrnrr. — An  examinalioii  into  a  peculiar  mode  of  analysis  of  llgl 
discovered  by  Sir  .fohu  llerschcl,  in  a  siihition  of  quinine  sulphate,  h 
within  the  last  few  years  led  to  the  discovery  of  a  must  reiiLirkalilo  fa 
Professor  Stokes  has  ubserveil  thitl  li;,'lit  of  certain  refrangibilily  and  co] 
is  capable  of  cjcperiencing  a  peculiar  iulluence  in  iM'ing  disperse<l  by 
tain  media,  and  of  undergoing  thereby  an  alteration  4if  its  rcfrangibili'_ 
and  color.  This  eiiriims  cli.inge,  called  fluorescence,  can  Irj  pr<>duce<l  by  a 
great  nuiuhcr  ef  liodii's,  Imth  liquid  and  solid,  transparent  and  opaque. 
Frmjuently  the  change  affi'cls  only  the  extreme  limits;  at  other  ti 
larger  portions  ;  iind  in  a  few  ca.se8  even  the  whole,  or,  nl  all  events, 
mijor  part  of  the  spectriira.  .^V  ililule  solution  of  iiiilnine  sulphate, 
instance,  changes  the  violet  ami  dark-bhie  light  to  sky-blue ;  by  a  di-ooction 
of  maiUler  in  a  solution  of  alum  all  rnys  of  liigher  refrangibility  than  yelj 
low  are  oonvcrtiMl  into  yellow;  by  an  alcoliolio  solution  of  tlie  oolori 
matter  of  leaves,  all  the  rays  of  the  spectrum  bt-i'ome  red.  In  all  cases 
which  this  peculiar  phenomenon  presented  itself  in  a  greater  or  less  degree, 
Mr.  8toki>s  observed  that  it  consisted  in  a  diminution  of  the  refrangibility. 
Thus,  rays  of  so  high  a  degree  of  refrangibility,  that  they  extend  far  beyoi 
the  extreme  limits  of  the  spectrnm  visible  under  ordinary  circumstanc 
may  be  rendered  luminous,  and  converted  into  blue  and  even  red  light. 

*  Uhem.  Sac  Journ.,  x.  Tt, 
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OS  Alio  Pt*LARl(ATi>i5. — A  Ttr  o(  i<onuii(in  light  mado  to 

lain  crr%tals  nf  a  parliciilar  order  is  fouml  tf>  uml-rR"}  a 

rliaiic<>.     It    lw<«.imi'S  njilit  or  iliviilcJ   into  two  rnvs,  <in« 

I  Iam-  iif  rcfriu'tioii,  while  Ihontlirr  tnkes  a  n»w 

■  i>riiiliiit  "11  till'  {Kiditiiiii  of  tlic  irystnl.     Tins 

.....i.ii-  n-lraot loll,  is   l-.-.i;!  .n^  iHusitralixl  in 

r,  or  fr.vstalli/til  lalciuiii  f)ii  ]ilai-ini;  n 

•  1"  on  n  jiicioof  wliilc  pnjxT  a  mark  or  lino 

I  ohjw.'t  will  Iw  B«!U  itoublr. 

»r  light  l>o  sulTvxnl  to  full  on  &  platv  of  glass  at  an  angle 
taon  of  th«  ray  which  snOi-ra  r>?l1i>Rliun  will  bo  found  to 
crti'-s  which  it  <llil  lint  iM'fure  {Kissiiss  ; 
,  at   thi)  sanu-  angli-,  upon  a  »t>oond  f^e-  &".  ■ 

I  Im  oImi.tviiI   thiit  llivru  aru  two  par-  ■  I 

the   latt.r    T.  I'l..  iv.  those  in  which  \  I 

eniwaro/i!  s  tooncnnolhrr,  \  I 

(ht  ia  no  I'  i  tvd,  but  entin-ly  \  I 

rhidi  Uas  suifi-rud  thin  change  is  snid      ^^ssA^  ■ 

I  pa$i<n  thrciagh  thn  first  or  ]iolnrixing      JI^^^^^^H^^I 
lo'rtiiin  Ihia  pwiiliar  lou-      ^^^^^^^^^V^l 

ploviT,  -  of  similar  plal>'»  lu'ld       ^^^^l^^^ff"^  « 

6rst,  tli:  1k'  greatly  iiicrcaiii'd  ;  V     ^^ 

I—'!   "r    : :,     ...h    pIatc-4  may  be  usi-d  \ 

■  for  till?  exprrimi-nt.     It  is  to  lie  V  ■ 

'•■i>  light  iM)larizi?d  by  trausniission  1 

r  is  iu  sii  op[x>site  state  to  that  ]KiIariz<.-d 
that  in,  when  citainined  by  a  second  or  anali/tinif  plat«,  held 
Iwfore  mentioned,  it  will  bo  seen  to  hv  relleetiil  when  the 
iilt<«l,  and  to  )>e  dispersed  when  the  firHt  is  reliected. 
JMV  siil«tsnee  that  is  capable  of  prilarizing  light  in  this 
^■ktor,  and  rt.'rtnin  other  Ixxliea  bring  aliout  the  change  in 
^Bring  a  particular  jiolarizing  angle  at  which  the  elTect  is 
^Bb  transparent  snbstonce  the  jHilarizing  angle  is  that  at 
^Bw  and  refracted  rays  are  perpendicular  to  eatrh  other, 
rpohxriii!  light,  by  reflection,  but  tUey  do  sorery  imperfectly. 
I  into  which  a  pencil  of  <>ommon  light  divides  itself  in  pass- 

Kiir  "ting  crystal  are  found,  on  examination,  to  bo 

r\  •  manner,  and  also  transversely,  tlie  one  Indng 

iijii  "  ii.  M  the  other  vanishes  or  is  transmitttnl.     The  two 
l«   l»i    polariiteil    in   opposite   directions.      With  tt  rhomb  of 
.•l:in.!  sii.ir  of  tolerably  large  dinionsinns,  the  two  oppositely 
widely  separated  and  examined  apart. 
.1 -tiDg  crystals  alisorb  one  of  these  r.'iys,  but  not  the 
git  a  plate  of  such   a  crystal  ono  ray  passes  and  hiH-omca 
lod  ;  the  other,  which  is  likewise  poUrized,  but  in  another 
ved  by  alwi.rptioii.     The  tx^t  known  of  these  media  is  tour- 
m  two  plates  nf  this  mineral,  cut  parallel  to  the  axis  of  the 
'  '  •■   •'■  their  axes  parallel,  aj*  in  flg.  51,  light  traverses  them 
I  one  nf  them  is  turned  round  in  the  manner  shown 
•  •  111.  .ix.-,  ,i..ss  at  right  angles,  the  light  is  almost 
grxHl.     A  plate  of  the  mineral  thus 
maliiig  between   polarized  light  and 
lie  the  change. 

■  plate,  which  ia  always  colored,  fre<tu«nt  tis* 
■  Slchi'i  >  j'miiii.  or  conjoined  priumf  of  calcium  carbonate, 
^kvnnxi/ji  /K-i'iili/ir  culling  and  ivitnbjnalioH,  pofeS'-ia  lUe 
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j)r<)perly  of  allowing  only  one  of  tlio  opjx)sitcly  polarized  rays  to  pass, 
inoro  aUvantagcous    method  of  cutting  and  combining    prinma   has 
giv<^n  by  M.  I''oiipniilt.     Ui;*  priKnis  uro  as  scrvict'sble  as,  and  leu  exp 
■iv«  than,  those  of  Niohol.     If  two  Nicbol'sor  Foucault's  prisms  be  pla 

I-lj.  61. 


one  Iwhind  the  othiT,  in  procisoly  similnr  positions,  the  light  i>olarized  I 
the  one  goi-s  throu^-h  tlio  other  uniiltored.     But  wlieu  out*  prism  is  slighlj 
turned  round  iu  ila  si'ltinj,',  a  cii>uc!iiR-ss  is  pnxlueud  ;  and  by  uonttni]' 
to  turn   tlie  priKiii,  this   iiirri'auM   until   pt<rfotl  darkn<-ss  ensuns.      Til 
happens,  as  with  the  tnurnialiuu  plates,  when  the  two  prisms  cross 
another.     The  plienomeium  is  tlift  hauii>  witli  ixilorless  as  with  colored  ligli 
*       Circular   niliiriziition. — Supposing   tliat   polarizisl   light,    colored,  for 
ample,  by  going  thn)U;;h  a  plate  of  red  gliiAS,  hiis  passe<l  through  the  1 
Nichol's  prism,  and  been  altogether  obstruetifl  in  consequence  of  the  ; 
tion  of  the  second  prism,  then,  if  between  the  two  prisms  a  plate  of  i 
crystal,  formed  by  a  section  at  right  angles   to  the  principal  axis  of 
crystal,  bo  interposed,  the  light  ixjlarized  by  the  lirst  prism  will,  by  pa 
ing  through  the  plate  of  qti.artz,  Ik^  enal>le<l  parti.ilty  to  p.iss  through  til 
SMHind  Niebol's  prism.     Its  p.assage  through   the  sccuiiil  prism  t^an  tbfl 
again   be  iuterrui)te.l    by  turning   the  second    prism    round  to  a  certa' 
extent.     The  rot.itinu   retjiiired  varies  with  the   thickness  of  the  plate  of 
rock-crystal,  ami  with  tlm  cfilnr  of  the  light  employed.     It  increases  fro 
red  in  the  following  or<ler — yellow,  green,  blue,  violet. 

This  property  of  rock-crystal  was   "liseovered   by  Arago.     The  kind 
polarization  has  been  callinl  circular  polarization.     The  direction  of  i 
rotation  is  with  many  plates  towards  the  right  hand  ;  in  other  plates  it-l 
towards  the  left.     The  one  class  is  said  to  possess   right-handed  polarii  ~ 
tion,  or  to  lie  drjtmrotalori)  m  ilej-lroiji/rnte,;   the  other  class,  to  poasess  la 
handed  polarization,  or   to  be  ItiHtrtitntori/  or  tevoiit/raltf.     For  a  long 
quartz  w:i8  the  only  solid  iMxly  known  to  exhibit  circular   (>olarizatia 
Others  have  since  lie<-u  found  which  ]>ossess  this  property  in  a  far  high 
degree.     Thus,  a  plate  of  cinnal>ar  acts  fifteen  times  more  powerfully  Ih 
a  plate  of  quartz  of  equal  thickness. 

Biot  ol«erved  that  iiinny  solutions  of  organic  snlistances  exhibit  tl( 
property  of  circular  p<iliirizati»n,  tliougli  to  a  far  less  extent  than 
crystal.  Thus,  solutions  of  cani>-sui;ar,  glucose,  and  tartaric  acid, 
right-handed  pol.irb.alion  ;  whilst  .ilbumin,  uncrystallizjible  sugar,  and  < 
of  turpentine,  are  left-handed.  In  all  th.-se  solutions  the  amount  of  ciroo 
polarization  increases  with  the  concentration  of  the  liquid,  and  the  thio 
ness  of  the  coluitm  tliroiigh  which  the  light  pnsscs.  flence,  circula 
polarization  is  an  imjmrtant  auxiliary  in  chemical  analysis.  In  order  to 
determine  the  amount  of  ]>olBrization  which  any  liquid  exhibits,  it  is  put 
into  a  glass  tube  not  less  than  from  ten  to  twelve  inches  long,  which  is 
closed  with  glass  plates.  This  is  then  placed  between  the  two  Nichol's 
prisms,  which  liave  previously  bi-en  so  arranged  with  regard  to  each  other 
tfij/  tjo  li^hl  ivulJ  pam  through.     An  apparatus  of  this  description,  thy 
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rlm«t«r,  hi  iis«d  for  delvrmiuuig  the  conoentrAtion  of  solutions 

of    tl>»«    instrument  is  shown  in  Sg.  53.     Tlie  two  Nicliol's 

closfd  in  the  wirrMponiling  fastenings  a  and  6.     Bflwccn  the 

spAC«  to  roo^ivu   llie  liilx-,  which   is  flUcl  with  th<>  soluiinn 

primus  are  cruiist<'l   in   tlu*  way  above  uiontiouvd  before 

Fig.U. 


lOIk 


'•;.  -ca 


I  la  put  in  itH  jilauf,  that   is,  if  th<'y  are  plawd  so  that  no  lipht 

h'TD,  ihi-n,  by  tlie   action  of  tlit'  solution   of  sugar,   the   light   is 

Ur  iMisa,  and   tht>   NiehoI'M   prisui,  «,  muHt   l)o  turned  through   a 

M^Jo  bfforo  the  light  i»  again  perfectly  stoi)pe<l.     The  niagnituile 

•■|^«  ii  olieervtol  on  the  i-ircular  disk  «  <,  whirh   is  dividinl    into 

aD<l    upon   which,  by   the    turning  of  the   jtrisiu,  an    index   z  is 

1  atnog  the  division.     When  the  tulx^  is  exactly  ten  inchiK  long,  and 

toth  rnrU  by  flat  glass  plates,  and  whi'n  it  is  filti-d  with  solution 

lins  1"  jM-r   <'ent.  by  weight  of  cane-sugar,  and  free  from  any  other 

poasessing   an   action  on   light,  the   angle  of   rotation    for    the 

ray  is  lit. IP.     Now,  the  magnitude  of  this  angle  is  directly 

,to  the  length  of  the  column  of  liquid,  and  also  to  the  quan- 

snliition.     If,  therefore,  a  solution  containing  i  per  cent. 

Bgar   in  a  tulie  /  inchus  long,  produce  a  rotation  equal  to  a 

V,  Ha  porcentAge  of  sugar  will  b«  given  by  the  equation — 
a  I 

19.6  ^  10  ■   10  ' 


100  « 
19.6/ 
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ThU  process  is  not  suflicicnt  wlicn  tli«  solution  oontaina  cane-gngnr  i 
nncrystallizable  sugar  ;  for  the  latter  rotatrs  Iho  ray  to  the  left  ;  in  tl) 
case  only  tlio  diffi'rcnce  •<(  tin'  two  actions  in  oblaintNl.  But  if  the  ' 
quantity  of  sugar  be  chnngod  into  uncrystallizaWo  sugar,  and  the  cxj 
luent  be  ropeated,  then  from  th«  rrsulla  uf  tliu  two  obtiurvatious  the  qu 
tily  of  lK)tU  kiii'U  of  sugar  viu  easily  be  calculated. 

It  is  diilicult  to  tiud  exactly  that  jxjsition  of  the  Nichol's  prisms  lu  i 
the  greatest  darkness  prevails.     To  in.iku  the  meoanrements  more  ex 
and  easy,  Suleil  has  m.ide  somo  additions  to  the  apparatus.     At  t/.  In 
the  prism  A,  a  plate  of  riK-k-crystal  cut  at  right  angles  to  the  axis  is  pla 
It  is  divided  in  the  centre  of  the  field  of  vision,  half  consisting  of  qu 
rotating  to  the  right  hand,  and   half  of  the  variety  which  rotates  to  I 
left ;  it  is  0.148  inch  (3.7'i  luiUimelrcs)  thick,  this  thickness  being  fon 
by  oxperinient  to  prcxluce  the  greatest  diflerence  iu  the  color  of  the  t^ 
halves,  when  one  prism  is  slightly  rotated.     The  solution  of  sugar 
precisely  the  same  action  on  tlie  rotation,  since  it  increases  the  action  < 
the  half  which  has  a  right-handeii  rotation,  and  lessens  the  action  of  I 
half  which  rotates  to  the  left,     llciicie  the  two  halves  will  nasunio  a  diSigj 
cnt  etilor  when  the  smidlest  quantity  of  sugar  is  pn^sent  in  the  liquid, 
slightly  tut  niii;;  the  Nichors  prism  a,  this  dilFcrence  can  be  again  remove 
Soleil  has  introdured  another  more  delicate  means  of  effecting  this,  at 
part  /,  wliich  he  calls  the  compensator.     The  most  important  parts  of 
are  separately  represented   iu  fig.  53.     It  consists  of  two  exactly  eqn 
right-angled  ]irisms,  of  left-handi-d  quartz,  whoso  surfA'cs,  c  and 
cut  perpenilicular  to  the  optic  axis.     These  prisms  can,  by  means  of 
screw  V  and  a  rack  and  pinion,  be  made  to  slide  on  one  another,  so  th 
when  taken  together,  they  ("vui  a  jilute  of  varying  thickness,  bounded 
parallel  surfaces.     Une  of  the  fr.inies  luts  a  scale  /,  the  other  a  vernier  t 
\Vhen  this  points  to  zero  of  the  scale,  the  optical  action  of  the  two  prisil 
is  exactly  compensated  by  a  right-handed  plate  of  rock-crystal,  so  that  I 
effect  is  obtained  as  regards  circular  jiolarization,  as  if  the  whole  syst« 
were  not  present.     As  soon,  however,  as  the  screw  is  mov>-d,  and  thus  l" 
thickness  of  the  plate  formed  by  the  two  prisms  is  changinl  (we  will  su 
pot.!  it  incrcoseil),  then  a  lefl-hari<l.'d  action  ensues,  which  must  bcpM 
perly  regulated,  until  it  txmipensates  the  opposite  action  of  a  solution 
sugar.     Thus  a  convenient  nietluMl  is  obtained  of  rendering  the  color  ( 
tlie  double  ptatu  uniform,  when  it  has  ceased  to  be  so  by  the  action  of 
sngar. 


Faraday  made  the  remarkable  discovery  that,  if  a  very  strong  clectr 
onrrent   be   passe<l  round  a  substance  which   possesses  the   property 
circular  polarization,  the  amount  uf  rotation  is  altered  to  a  consldcrata 
degree. 

IIisATixa  AXD  Cdemicai,  Rays  of  the  Solab  SpEcrnrM. — The  Inminoa 
rays  of  the  sun  are  accompanied,  as  already  mentioned,  by  oUiers  whio 
possi>S8  heating  powers.     If  the  temperature  of  the  different  colored  »f 
in  the  spectrum  1)0  tried  with  a  delicate  thermometer,  it  will  be  fonnd 
increase  from  the  violet  to  the  n-d  extremity,  and  when  the  prism  is  ( 
some  particular  kinds  of  glass,  the  greatest  effect  will   be  muiiifeitted  i 
little   beyond  the  visible  red  rays.     The  position  of  the  greatest  heatili 
effect  in  the  spt>ctrum  materially  depends  on  the  al>sorptivo  nature  of 
glass.     Transparent   thougli  this  medium  is  to  the  rays  of  light,  it  ncvi 
theleas  alworbs  a  considerable  quantity  of   the   heat  rays.     Transparent 
rock-salt  is  almost  without  absorptive  action  on  the  thermal  rays.     In  the 
jpprlrwn  obtained  by  passing  the  solar  rays  through  prisms  of  rock-salt, 
'bo grenteat  Ihermal  effeol  is  found  at  a  poaition  far  beyond  the  last  visible 


LIGHT. 


«6 


M  r«rg. 


It  I*  iflfiTToil  fmm  thifi  lh»t  tile  olii'-f  mnag  of  tlia  heating  laja 

>f  the  solar  bciun. 

^  Ixith  <>r  onnil>iii&- 

I   >  lu'   iiUor,  can  Iw  clTi-otcd 

i<'n  oi^mliiiit'  at  coiuiuuD  totii- 

-     -^  i'.  ;  ami  parulli'l  cus>mi  o<'<;ur  in 

ly.     Tho  lilnckoning  and  lieoomjvieitioa 

i><<sof  thu  olu'inical  powers  of  the  same 

.  it  U  :i»l  alH;i_k>  tliu  luiiiinouii  part  of  the  ray  whirh  rlTcrts 

- ;  UiKV  Bfw  cUii'Uy  pro<lHi"P<l  by  c-rtain  invi«il>l«  ray^f,  which 

nnd  arc  foumt  matt  nbuudantly  Iwyond  tho  riolot 

It  is  tliere  tli.tt  certain  cbDuiii-nl  elfr'cts  are  most 

•■•■xily  of  lln)  liglit  is  I'xccwlingly  feeble.     Thi««a 

metimes  calle<l  aclinic  r<ii/>  (ojitIc.  a  f^y)!  *''<1 

.lit  is  called  aclinitm;  but  these  terms  are  not 

I   chcBpn.     The  clieraical  rays  are  thus  directly  opposed  to  thu 

r'lys  in   the  enminon  spectrum  in  their  degree  of  M'fraugibillty, 

■ill  the  others  in  this  respect.     The  luminous  rays,  too, 

iidilions,  exert  deivinposing  powers   upon   silver  saltjs. 

in     >[    III.'  action  of  any  ray   depends,  moreover,  greatly  on  the 

ht.'«le  of  the  surface  on  which  it  falls,  and  on  tho  eheiuical  con- 

■•f  tlio  l>o<1y  ;   inJ<7cd,  fur  every  kind  of  ray  a  sulwtancu  may  be 

under  particular  circnmstanci«  will  lie  affectiyl  by  it ;  and 

irs  that  the  chemical   functions  aro  by  no  means  conlintril  to 

■  1  to  thp  exclusion  of  the  rest. 

hemical  chanpi-s  prwJuced  by  light  is  based  the  art  of  p/tolo- 

i  Mr.  Thomas  Wclgwood  projiosivl  a  methml  of 

iy  placing  behind  them  white  paper  or  li'ather 

vriiii  11  vniiiiiiiii  uf  !<ilver  nitr.ile,  which  Ix'came  di-cnnijiosed  and 

by  the  transmitted   light  in   proportion  to  the  intensity  of  tho 

.1    D.vv.  in  rcjK'uting  these  cjcpcriments,  found  that  he  coulil 

ly  accurate  representations  of  objects  of  a  texture  partly 

..  Iransp-arent,  such  as  leavk>s  and  the  wings  of  insects, 

mjiy  with  a  certain  degree  of  success  the  images  of  small  objects 

by  the  sohar  microscope.     These  pictures,  however,  requireil  to 

the  dark,  and  oould  only  he  examined  by  caiuUe-light,  other- 

tucamo  obliterated  by  the  blackening  of  the  whole  surface,  from 

'"     '  silver  cnuld  not  lie  romove<l.     These  attempts  at  lijhl- 

.  but  little  notice  till  the  year  1831),  when  Mr.  F"X  Tallwl 

,   -u  of  "  photogenic  drawing."     This  consistisl  in  exposing 

>t%  a  paper  soaked  in  a  weak  solution  of  common  salt,  aii<l  after- 

irrl  over  with  a  strong  solution  of  nitrate  of  silver ;  the  image 

lined  was  a  nryatire  one,  tho  lights  lieing  dark  and  the  shadows 

tlie  pictures  were  fixed  by  immersion  in  a  solution  of  common 

Maay  improrementa  have  been  nia<le  in  this  process.     In  1841  Pox  Tal- 

••*  •  -•    ■  •    1  •>      ' '  '  -rocesa  kno-wn  as  the  "Talbotype  or  Calotype 

is  c<'nled  with  silver  iodide  by  dipping  it  first 
issium  iodide. 

t   sensitive  per  f «  to  the  action  of  light,  bnt 

;  1  np  it  over  with  a  mixture  of  silver  nitrate  and 

id.      If  it  be  expoBwI   In   the  camera   for  two  or  three 

•t  reooire  a  visible  imnge  (unless  the  light  has  been  very 

•iind  has  undergone  a  certain  ohnnpe  by  the 

1  snbfleqncntly  washing  it  over  with  the  mix- 

ii:n  III  ■  .1111  ncelir  or  gnllic  acM,  and  gently  wnrminR  \t,  \^ 

ntgtUv  limgf  cnmt*  out  on  it  with  grt-ai  distinctness.     Thi»  ImkM 
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Jixml  hy  washing  the  paper  with-eodium  hyposulphite,  wUiult  n-moTiM  1 
wliolu  of  the  silver  iudiUu  uol  avtod  up<iu  by  Ihv  tight,  and  tl 
tluj  piL-turc  fruiu  fiirtlier  chonjjt-  by  expuuurc  to  lijiht.     Thi'  nc^' 
tlius  iiliUiiuoil  U  rt:iiJi.'i'e<l  transparent  by  placing  it  K'twi-i'U  itt.. 
1>l<illing-papor  saturatitl  » itli  H'liit«  wux,  nutl  piissing  u  iuixli'r»(<-ly| 
miKxilliing-ii-ou  over  the  wliolc.     It  uiiiy  tijoii  Iw  ubcJ  for  priutin(^  J^ 
fiirlurei  by  laying  it  on  a  hIiwI  of  |>npvr  prvpurud  with  chluride  or 
of  itilver  and  ex]>o«inj;  it  to  tlie  nuu. 

A  most  important  step  in  Ibe  prouross  of  pliotogrnphy  is  the  snhltfl 
tion  of  A  transparent  tilui  of  iodiiud  oullodiou  or  albumin  sp 
upon  glasH,  for  tlie  ioilized  paper  uimhI  in  Talliol's  proueS!",  U)  reivivn 
negative  image  in  the  e-ximera.     TUe  pr<H*e»s  is  thus  rendere<l  ihi  much 
certain  and  rapid,  and  the  positive  pictureH  obtained  by  truni-lerrini; 
negative  to  paper  prei)ared  with  chloride  or  iodide  of  silver  are  found 
be  BO  much  sharper  in  outline,  than  when  the  trougfereuce  occurs  tlintfl 
paper,  BS  in  the  talbotypo  process,  that  thin  method   is   now   uuivet 
cuiployeil.     In  this  process,  as  in  that  of  the  Calotype,  the  image 
in  the  cjimera  is  a  lat^mt  oue,  nud  reKjiiiriti  development  with  Hubat. 
such  08  pyrogallic  acid,  or  ferrous  sulphate,  which,  having  a  telideiKT'J 
absorb  oxygen,  imluce,  in  proseno*;  of  silver  nitrate,  the  re<luctiun  of 
chloride  or  iodide  to  the  metallic  state.     For  n  description  of  the  l><«t  ap] 
ratuB  and  latest  procx-ssi'S  u.'<e<t  in   the  collodion  m>-tlKHl,  the  rca«ler 
consult  llardwich'a  "Manual  of  Photographic  I'hemistry." 

Sir  John  llerschel  has  ehown  that  a  great  number  of  other  Butieti 
can  Imj  employed  in  thife  photogmphic  processed  by  taking  u>lvaulng4 
the  deoxidizing  elTevts  of  r4<rtaiu  jiortioug  of  the  solar  rays.  I'aper  wont 
with  a  solntioa  of  ferric  salt  lieeoiues  capable  of  riNX'iviug  inipn-ssioiit 
this  kind,  which  m.iy  afterwanls  lie  mode  evident  by  potassium  fer 
unido,  or  gold  chloriile.  Vegetable  colors  are  also  acted  u|>on  in  a 
curious  nud  apparently  definite  manner  by  the  dilTereut  parts  of  the  s{ 
truiu. 

The  da</ufrreoti/iif,  the  announcement  of   which  was  first  made   in 
summer  of  18UII,  by  M.  Uagiierre,  who  hod  U'en  menpietl  with  this  ■ 
ject  from  182ti,  if  not  earlier,  is  auolher  remarkable  instance  of  the  di<<< 
]N«ing  effects  of  the  solar   r.iys.      A  clean  and   highly  polished  plaloJ 
silvered  <x>ppi?r  is  exposed   for  a  certain   time  to  tlie  vajsir  of  iodine, 
then  transjHirled  to  the  camera  olmcura.      In  the  most  impnjved  »tal4 
the  pnH'<"«fl,  a  very  short  time  suffices  for  elTecling  the  neciKsary  chnngi) 
the  film  of  silver  iodide.     The  picture,  however,  Ix-comcs  visible  only] 
exposing  it  to  the  vnjKir  of  mercury,  which  attttiJies  itself,  in  the  form 
<txcs-edingly  minute  globules.  In  tliose  parts  which  have  lH^en  most  ■ 
upon,  that  Is  to  soy,  to  the  lights,  the  shadows  Udng  formed  by  th«  i 
polish   of  the  metalliu  p1«t<«.      Lastly,  the   plate  is  wo»hi-<l  with  i04li^ 
hypotiiilphile,  to  remove  the  undecomposi-d  silver  lo<lide  ami  rcudi'r  it  ; 
nmnent. 

Pinr<<  Papuerre's  time  this  proewis  has  undergonn  oonsiderablp  im[i 
menis  ;  amonir«l  these,  we  may  mention  the  exisisure  of  the  plate  ti 
vapor  of  bromine,  by  which  the  sensitivenexs  of  the  film  is  greotly^ 
creased,  and  the  reduction  of  metallic  (told  upon  the  surfacv  of  the 
during  the  pr<^H^es«  of  fixing,  hy  which  the  lights  ond  shodesof  the  plr" 

are  ri'Tnl.rol  ini>r.'  .'(T.-i'tive. 

I  I'lilo  proenssi-s.  by  cnmbincil   rli.  '    !">« 

jfTiM  .' to  be  of  rauiHiderable  utility.      1  "• 

of  .N,u|iie  ;    he  applii><l  a  hilurainom  oiatlng  to  a  metal    i 
an  cngrorlng  was  sufiorimiioiie)).     Th»  light,  bring  lb' 
rupted.  acted   iiuminsllv  u|)on  thr  Tarnish;  o  lliiuid  hy.irf  i-iri- o,  /"■ 
^not;  utttui  M  H  mlveiil,  removed  the  bitumiru  »h«r»>*«r  the  Itght  hail 
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1  ;    an   fUL'TSTino-  acid  roold  now  biU?  the  anprottwtcd  meUl.  which 

iitnl  from  in  the  nsnal  way.    Vrrv  9ucct«»fut  ruitultii 

i   by  M.  Kizeau,  who  gabmiU  tlu<  J.igu"rrr<il_vpe  to 

-  of  flilut^  nitric  x-irl,  i.-ommon  K;ilt,  nitil  jiotnsztium 

r  only  is  attackoil,  tlje  nurciiriiilizi'it  ]iirtinn  of  lliu 

1  ;  in  t'tohing  ij  thus  obtnimsl  fullowiii!!;  luinutul/ 

-  of  th«  picture.     To  dei-p'Mi  tliis  >ni.liins,  llic  dilvor 

ov.  .1    liv  :inirnf.nia,  lh«  jilnto  is   l»iilf<l    ill  cnustio 

>'l  »o  on  till  tli»  rtrhing  is  of  Kufli- 

<::  is  rrsorted  to,  and  an  i-ngruving 

Bfti'  ~  or-  th'me  olitain'-d   t>y  Sir.  Tnlhot  on  i!t«el  plntce  : 

iae>  :iim  bichrKHinto  and  gelatin,  whioh  hardens  l>y 

■11 1  parts  not  affpcttHi  are  r^-moviii  by  wasshing. 

'1  a«  an  ctcliiiig  liquid  ;  it  ha.s  the  advantage 

rily  tlian  nitrioacid. 
.  .N'idpiv  hag  bovn  applied  tolithncraphiosfone; 
-  olilainod  from  npgative  tallKitv-p«i  havo  lipon  printed  off  by  a 

>f  (he  ordinary  lilhoKraphic  {irrH^rfis.     M.  Nldpre  finds  that 

Ives  the  alti'rrj  bitumen,  while  naphtha,  or  bcuiol,  attacks  by 
'ic  bitumen  in  its  nonual  condition. 
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A  PARTicrukB  spwles  of  iron  ore  liiw  long  lieon  rCTnarkaWo 
of  nttracting  small  picc<*8  of  iron,  niul  cnusing  tbem  to  adhure  to  its  surfi 
it  is  called  loadstone  or  magnetic  imn  ore. 

If  a  j>ieco  of  tliis  loaiUtone  be  carefully  examined,  it  will  be  fuund 
lli«  attractive  force  for  particlen  of  iron  is  grcnti-st  at  pertain  jtarticu 
points  of  its  surface,  while  elsewhere  it  is  mnrh  diminished,  or  even 
gcthcr  absent.     Tliese  attra<-live  jwints  are  denominated  poles,  and 
loadstone  itself  is  said  to  be  ondowcfl  with  magTietic  {K)l.arity. 

If  one  of  the  pole-surfaces  of  a  natural  Inad.-itone  be  rubb»vi  in  a  partil 
lar  manner  over  a  bar  of  steel,  its  eliaracterisitlo  properties  will  be  conio 
nicatod  to  the  bar,  whirh  will  thiTi  lie  found  to  attract  iron  niinf;8  liko  I 
loadstone  itself.  Further,  the  atlractivp  force  will  apixrar  to  Ih<  (trejttl 
at  two  points  situated  very  near  the  extremities  of  the  bar,  and  leiuil^ 
nil  towards  the  middle.  The  bar  of  steel  so  treated  la  laid  to  bo  mago 
ized,  or  to  constitute  an  artinciat  ma).'uet. 

When  a  magnetize<i  bar  or  natural  magnet  is  suspendo*!  at  its  <x'ntr«| 
any  convenient  manner,  so  as  to  l>e  free  to  move  in  .1  horizontal    planRjJ 
is  always  found  to  assume  a  particular  direction  with  regard  to  the  1 
one  end  jiointing  nejirly  north,  and  the  other  nearly  south.    This  ilirecU 
varies  with  the  geograpbicil  position  of  the  place,  and  is  ililTercnt  alsol 
the  same  plai:e  at  dilTerent  times.      In  Ijondon,  at  the  present  time,  I 
ncoille  piiinU  l!)-"  3'2'  west  of  the  astronomical  north.     If  the  bar  Imi  mo* 
from  this  position,  it  will  tend  to  n-assuuie  it,  and,  after  a  few  o«riUatio 
settle  at  ri-st  as  before.     The  pole  wliieli  points  lowanls  the  astrono 
north  is  usually  distingnlsheil  as  the  north  pole  of  the  bar,  and  that  tlhii 
points  Houtliward  as  the  south  pole. 

A  magnet,  either  natural  or  artiflcial,  of  symmetrical  form,  suspeif] 
In  the  presence  of  a  second  magnet,  serves  to  exhibit  i:^'rtain  phenomd 
of  attraction  and  repulsion  which  deserve  particular  atb-ntinn.  Wbenl 
north  pole  is  presented  to  a  south  pole,  or  a  84>uth  [H^le  to  a  north,  attrao- 
lion  ensues  betwi'en  tle'Ui ;  the  ends  of  the  bars  approach  each  other,  and. 
if  permitted,  ailhere  with  crmslderable  force;  when,  on  the  other  hand,j 
north  pole  is  brought  near  a  second  north  pole,  or  a  sontli  pole  near  anotll 
south  |H>le,  mutual  rejiulsion  is  observed,  and  the  enils  of  the  bartt  rei: 
from  each  *tllier  as  fnr  119  iHiMstble.     Jhles  o/'  tin  iipjHmtr  nttmf  attrttrt ,  nn 

of  n  -■■•■'■■  '  ■-,■«■/  r»rh  iiihrr.     TlniM,  a  small  bar  or  w 

pel!  lid  suKpemled,  and  having  Its  pobf*  Im 

an  1  1  not  only  to  dismver  the  existence 

in  other  IxHlies,  but  to  estimate  the  kind  of  (mlarity  alfevted  by  th 
forent  jiarls. 


A  piece  of  soft  Iron  brought  Into  'I 
iUcIf  magnet io  propjTtles  :    the  int 
peii'  ''lit  of  the  II.  ■ 

nci  ler  a«  tlini 

tact.  i...     ..        1       iinili'i      I 

imittctum  or  1 1  > ' 
Instant,  is  at  " 

iVhcn  Jitcel   i*  »iil«:^liliil>«il   luf  ir<iu 
stiiaa  i»  liurdljr  ptTirofpiHili'  at  I 


'■•tIioikI  of  a  magnet  fti-i)ui] 
.'•  jxpwer  thus  cimfcrred  ( 
which  dividw  ( 
■^l  of  all  in  actna 
I   to  Ihi  niagiieti] 
'•  Ita  maximum  In  ui 
..,■1. 
in  tins  ex|MTlnieut,  the  ImlnrUf 
and  b<r«omi-«  manifi'st  only  after 
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•  eeriain  time :   in  iUia  cotulition,  wben  th«  »tw\  liar  is  removed 
t  n-  ■  T,..»     it  retaiiu  a  portion  of  tlic  induced  jiolarit^-.     It  bcoomcs, 


tka  ti 


nt    tua^C't,  aiiuilur 

retaiiis   its    peculiar 

fur  sit  iiulcCuit«'  timo.    This 

whick  iit<^*l  alwajTi  oSejv  in 

or  less  dcsroci  buth  lo  the  de- 

1   of     n&Bfrticlii^iii   and    to   its 

[omt  >la«trtt<:'tk>D,   i>i  called  t/ie- 

rule  wbich  rv^:nlat<«  the  indur- 
■M£;n«lic  iiolaritjr  in  all  caiii.-»  is 
siinvdc.  and  most  imjurt- 
la  be  rcmnulM-ri-U.  Tliu  polo  pro- 
ia  always  of  tli«  op^xwitv  iiaiiic 
hikai  «bir1>  {>rt»iue«l  it,  a  north  [hiIi; 
4r<«iapinif  aoutb  jKiIority,  and  a  Hoiith 
|rf»  »iarlk  polarity.  Tbx  north  polo 
•Itke  loaKtirt  figuml  in  thi'^kotoh  iu- 
taam  Miath  iiolarity  in  all  the  nearer 
straaiti**  of  tho  pieces  of  iron  or 
ttfri  vhirh    surround   it,  and  a  state 

»  own  in  all  the  more  remote  extremities.     The  iron  thus 

t  i.ablnof  exerting  a  similar  induetive  action  on  a  second  pii 

aj  tt:»i  upon  a  third,  and  so  to  a  great  number,  the  intensity  of  the 
fiabtiitiing  aa  the  distance  from  the  permanent  magnet  increases.     It  is 
IkflUa  w«y  that  a  magnet  is  cuable<l  lo  hold  up  a  number  of  small  pieces 
if  baa;  or  a  bunch  of  Slings,  each  separate  piece  becoming  for  the  time  a 
■^gM<  by  induction. 

llagiM-li<:  jiolarity,  similar  in  degree  to  that  which  iron  presents,  has 
V^  found  unly  in  some  of  the  compounds  of  iron,  in  nickel,  and  in 
•Ult. 

Va^iMlie  attractions  and  repnlaiong  are  not  in  the  slightest  degree  inter- 

Iprd  with  by  *^"'  inleriwaition  of  sulMlanct.'s  destitute  of  magnetic  proper- 

Ua.     TliicJc   plates   of  gloDS,  shellu^,  metals,  wood,  or  of  any  8ul«lunc<>s 

Bai^  Qws«  above  mentioned,  may  )k'  placed  bt^tween  a  mngni't  and  a 

M|knied  n«>«ile,  or  a  piece  of  iron  under  its  iulluence,  the  distance  lieing 

in»rtvn1.  without  the  least  perceptible  alteration  in  its  attractive  power, 

nluction. 

■    tf  polarity  cannot  be  exhibited  witlioat  the  other.     In  other 

A   lujignetic  pole  cannot  I*  isolated.      If  a  magnetinii  bar  of  steel 

krn  at  its  neutral  point,  or  in  the  middle,  each  of  the  broken  ends 

an  opposite  pole,  so  that  both   p<irtioiui  of  the  bar  become  perfect 

;  and,  if  the  division  bo  carTie<l  still  further,  if  the  bar  l)e  broken 

a  huiidr>.-<l  pieces,  each  fragment  will  be  a  complete  magnet,  having 

its  own  tinrth  and  south  poles. 

Tlus  experiment  serves  to  show  very  clearly  that  the  apparent  polarity 
rf  tkai  bur  is  the  consequence  of  the  polarity  of  each  iiidiviiluni  particle, 
tWpnIi*  of  the  bar  being  merely  points  through  which  tbi^  resultants  of 
»n  t)M«e  forms  pass  ;  the  largest  magnet  is  made  up  of  an  iniiiiense  number 

rf  Uttl*  mafcnets  regularly  arraii^e<i  side  by  side '    "' ' 

Icoklntr  one  way,  and  their  south  jioles  the 


all   having  their  north 
other.     The  middle  por- 
•f  aach  a  system  cannot  possiVily  exhibit  attractive  or  repulsive  efl'ectB 
M  aa  «rt«TTi«'  >''-1"    because  each  pole  is  in  cl<«o  juxtaposition  with  one 
•#  aa  opp"  ""'•  "f  Mjual  jMJwer.     Hence  their   forces 

rs«rtad  in    '     . 


will 


directions,    and   neutralize   each    other's   iullucnoe. 
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8uoh  will  not  he  the  cs»e  at  tlie  vxtremitiea  of  the  Imr  ;  there  aneomp 
aa(4i<]  {inluritjr  will  bv  Tound,  cupublv  of  vxerting  it»  KpwiQv  puwer. 

Fig.  66. 


Tills  ides  of  rognlar  pnlariiation  of  particivs  of  matter  in  virtue  of  a  pair  , 
of  npposlli-  and  t«{ual  fcinvw,  is  not  oonllni^  to  magui'tio  plien<  : 
tile  li'iKliiij:  priiicipli-  iu  i-loitricjjl  HiUftii-i',  and  ii*  i-ouhtaiitly  r. 
auiux  fiirm  or  oIUit  in  uver>'  dincussiuu  involving  th«  cousiderui.^ 
cular  foroos. 

Artificial  «tci<l  magnets  are  made  In  a  great  rartot/  of  fortu* ;  soch  { 
Rmall  light  iiitMiltn),  mounted  with  an  agate  cap  for  suripen.tion  ii}ii>n  a  C 
|ioint  I  «trni);ht   linra  of  various  kinds  ;   liars   curved  into  the  xh.tiM' 
lion<i--shiH%  etc.     All  tUcsi-  have  regular  polarity  communiiMil^ 
by  wrlain  proci-sses  of  rnbbin);  or  touching  with  iinolliur  ni.i 
require  earn,   but  are  not  otherwise  difficult  of  ejcevutiou.      W  m.  n   >. 
jK)»iT  is  wished  for,  a  nuuiber  of  liars  may  lie  screwed  togetluT,  with  tUd 
siinllar  ends  in  cKintact,  and  in  this  way  it  is  easy  tii  construct  pemiatiKii 
Bteol  ma(^iets  capable  of  sustaining  great  weights.    To  prt'Veiit  the  griKliial 
diwtruotion  of  magnetic  fonv,  which  would  otherwise  (wcur,  it  iii  usual  10 
arm  each   {Kile  with  a  piece  of  soft  iron  or  keeper,  which,  lnHximiug   ma 
netizinl  by  iu<luvtion,  serves  to  sustain  the  polarity  of  the  bar,  and  iu  sou 
eastH  even  ineri^nifeii  its  energy. 

Mngni'tism  is  not  pHciiliar  to  these  lulMtanoefl  which  liave  more  csp«- 
cially  Immmi  calle<l  magnetic,  such  as  iron,  nickel,  cobtitt,  but  it  is  the 
perty  of  all   nu'lals,  though   to  a  much  smaller  degree.     Very   jmm 
miignels  are  rei|uired  to  show  this   ri'uiarkable  fact,      t  ■.■^...'(....-^q 
nia^jnxts,  made  by  the  avtiou  of  the  elevlriu  current,  are  n 

the    pur|Kise.     The    mngnelio   action    on    diirerent    sulistj 
capable  of  Iwing  easily  luoviil,  dill'ers  not  only  according   to  ilo-  »ue, 
also  according   lo  the  nature  of  the  sitlistancv.      In  constsiuence  of  I 
FaraiLiy  diviiles  all  li<i<li>'«  Into  two  classes.     He  oalU  the  one  uagno 
or,  better,  iKiriiiHiniurtir,  ami  the  other  lUumtiqnrlir. 

The  ninlter  of  which  a  iniiuiniignetie  (magnetic)  hodr  eonslsfo  is  sllraet 
by  Ijoth  |Kilea  of  the  lior-i'-slioe  iimgnet  ;  on  the  mnlrarv,  the  timtlfr  mI 
diamagnelie  Im-ly  is   rcjM-ll.'d.     When   n  m,„,ii   jrnn  bar  is  liiing 
twisted  silk  between  the  ikiIi-s  of  the  magnet,  so  that  its  long  dlaiua 
easily  move  In  a  horl/'mUl  plane,  It  ,irronges  it«clf  axlallv,  thai  i^  \_ 
to  the  straight  line  which  joins  the   |hiIc«,  or  to  the  moinietifl  axial 
p.de«,  assuming  at  the  end  wbi.h  1m  nearest  the  north  pole,  a  aontk 
and  at  the  en.l  nearest  the  *nuth  p<ile,  a  north  |Hile.     Whenever  lh» 
bar  is  rciiM.v«l  fr..m  this  |M.«ili„n,  It  n'tunw,  after  a  few  c«cillntion»,  t 

!"■"' ......i,„n.     The  wb.ile  cla.*s  of  paramagni'tie  Isxlii-s  li.<hare 

I""'"  '■■  w«.v  under  similar  eircnmstances,  but  in  the  intensity  ( 

the  •  ii  dilTerenees  occur. 

I)i«ui»giielio  ho.lle«.  on  the  conlrarr,  have  their  long  dlameteni  pi 
»<lHatoriall.r.  thai  Is,  at  right  angles  to  the  magnetic  axis.     Tiiey  hnU 
a*  if  at  the  end  oppa»lt<!  to  eatili   jiole  of  the  msgnvt  Ibe  a*mo  kind  I 
polotily  existiyl. 

In  the  flrrt  cla«»  of  nulMttonmn,  lioxiilM  Inm,  whicli  i«  th"  h«t  r»pr 
Utlrt*  of  thf  cloA.*,  we  horn  nickel,  cobalt,  manganese,  clirominm, 
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um,    plutinain,  twmium,  aliiminium,   oxygpn,    and  ttl«o 
•(  lk«  aiai|>oun<ls  of  \)\mo  liodira,  mniit  uf  tlifiu,  even  when  iii  xolu- 
ha.     Aasarding  Ui  Karuiay,  the  following  Kul«laiiu«-s  arv  also  feebly  para- 

•viKir-  <ui»srti-\ic), pajier,  Sfuling-wax,  Imlian-ink,  porcelain,  a»lK«tos, 

: .  ciiiu»bar,  biuuzidu  of  lead,  (sulphate  of  ziuc,  tourmaline, 
,  ..oo«l. 
U  the  t^n^m-t  das*  are  placed  bismuth,  antimony,  zinc,  tin,  uadmium, 
iriMM,  BMUcmy,  lead,  silrer,  oop{MT,  gold,  arsenic,  uranium,  rli<Nlium, 
tuagatesi,  pbosphorua,  iodine,  sulphur,  chlorine,  livdrogi-n,  nud 
of  Ibeir  emupoundg.  Also,  glass  free  from  iron,  water,  aloohul, 
,  aitrie  acid,  hydrt>ehlorie  acid,  resin,  wax,  olive  oil,  oil  of  turpentine, 
■agar,  sL&rub,  gum,  and  wood.  These  are  diamagnetio. 
diaMagnetic  and  paramagnetic  boditvi  are  oombiniMl,  their  peculiar 
re  more  or  Inss  neutralized.  In  most  of  these  com]wundB, 
in  txinsequenoe  of  the  presencf!  of  a  very  small  quantity  of 
tk«  pecfiUar  magnetic  power  remains  more  or  less  in  exc4~is.  Thus 
I  laule-glaiui,  and  many  varieties  of  crown  glass  are  magnetic  in  cou- 
af  U>e  IroD  they  contain. 
iaofder  to  exautiue  the  magnetic  properties  of  liquids,  they  are  plactMl 
hvwyUlin  glass  tul>es,  the  ends  uf  which  are  then  closeil  by  melting  ; 
tW^  UT  Ibett  hung  horizontally  l>etwecn  tlie  poles  of  the  magnet.  Under 
tkt  iaflaativ  of  poles  sulficiently  potferful,  they  bt^gin  to  swing,  and 
llMiliaj,  ^  the  fluid  contents  are  paramagnetic  (magnutic)  or  diamagnetio, 
tt^aaoiae  an  axial  or  ecjuatorial  position. 

fkraday  has  tried  the  magnetic  condition  of  goseji  in  different  ways, 
flu  lUlol  OODSUteii  in  making  soap-bnlililes  with  the  gas  which  be  wished 
k  MTMitigatc,  and  bringing  these  near  the  jkiIcs.  Soap  and  water  alone 
bWM/  diamagnetio.  A  bubble  filled  with  oxygen  woi*  strongly  attracted 
kf  tk*  aia^aet.  All  other  Ka.'s<-s  in  the  air  are  diamagnelie,  that  is,  they 
••  fvprilMl.  Bat,  18  Faraday  has  shown,  in  a  different  way,  Uiis  partly 
Mtaa  (nm  the  paramagnetic  (magnetic)  property  of  the  air.  Thus  he 
hasd  Uiat  nitmgen,  when  thiji  differential  action  was  eliminated,  wa»  per- 
ImHj  iadillerent,  whether  it  was  condensed  or  rarefied,  whether  cool(>d  or 
iMtaA.  When  the  temperature  is  raisivl,  the  diamagnetic  properly  of 
■MB  ia  tt)«  air  is  inrrea*^i.  Hence,  the  tlanie  of  a  candle  or  of  hydrogen 
•  MnMgljr  reiielled  by  the  magnet.  Even  warm  air  is  diamagnetic  in  cold 
•Ir. 

tat  mmtm  time  it  had  been  bi'lieved  that  crystallized  bodies  exhibited  a 
•pactal  asd  pecDliar  Iwhavior  when  place<l  between  the  fo\e»  of  a  magnet. 
■  «ypuirwt  a»  though  the  magnetic  directing  power  of  the  crystal  had 
MBM  peculiar  relation  to  the  position  of  its  optic  axis  ;  so  that,  independ- 
•ilf  at  ih*  magnetic  property  of  the  snlwtance  of  the  crystal,  if  the 
oytlal  w«<r»  positively  optical,  it  ixwKessed  the  power  of  placing  its  optic 
Bit  parallel  with   the   line  which  jiiine<l   the  poles  of  the  magnet,  while 

rally  negative  crystals  trie»l  to  arrange  their  axis  at  right  angles  to 
liBo.  This  supp<iiiition  is  disproved  by  the  excellent  investigation  of 
Tjrttdall  and  Knoblauch,  who  showed  that  exceptions  to  the  above  law  are 
<bwlih«id  by  all  classes  of  crystals,  and  proved  that  the  action,  instead  nf 
M^g  Independent  of  the  magnetic  nature  of  the  mass,  was  completely 
trttn«A  wh«re,  in  isomorphous  crystals,  a  magnetic  constituent  was  sub- 
MlHliat  far  a  diamagnetic  one.  Kejerting  the  various  new  forces  assumed, 
lyadall  anH  !■■•■  ii- :,h  referred  the  observed  ])henomena  to  the  mwlifica- 
dMaf  tb*  !■  'ce  by  structure,  and  they  imitatecl  the  effects  exactly 

l|f  iwansof  -i  wh'we  structure  had  lieen  modified  by  compression 

In  a  lat-rr  invrttigation  Tyndall  demonstrated  the  fundamental  principle 
«■  whicja  thrao  phenomena  depend,  showing  that  the  entire  mau  of  a  mag- 
hUc  body  ia  ntost  strongly  attracted  when  the  attracting  force  aots  parallel 


I 
I 
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In  tlio  line  of  <viin|iroK!iini) ;   and  tliat  a  diunngnctio  snbeUnce  is 
Klrongl/  rcpvlliMl  wiimi   Utt<   rl.<|>ul^il>n  nets  ninng  th«  «iunv  liuc.     H* 
wlicu  »ui.'li  a  Ixwly  is  htfvly  sui<|«Mitl(«l  iu  ibe  iiuigni-tie  Hold,  the 
ooluI)rl^iililun  must  sot  axinlly  or  i'quiitori»lly.  wwjrilinif  a.*  ilipmass  i 
Iii'liu  ur  iliaiiiai;nelie.     Furailny  was   the  drat  to  ugtublinli  n  diUiM 
ailidii  nf  lliis  kiml  in  tlu<  case  of  biiiiuiilii  ;  Tynriall  i-xtomli-d  it  to  i 
iiingiK-tic  and  diauui|;ni^tic  orystals,  and  sUowwl  llial  it  won  not  i<iuflr>^l  | 
tlnTn,  but  wa*  u  gcMiTnl  proimrtv  of  matter.     It  wius  also  iimved  that, 
1^  AximI  dihtuMLV,  tht<  attraetion  of  a  magnetic  spkerr,  and  thn  ri'}mli 
O  diniuayni'tic  HpluTi',  followed  j>re<:i»ely  the  siiuie  law,  botli  being  t^XM 
|>ro|>ortion«d  to  llie  scpiare  of  the  exciting  current. 

Tlin  plicnomuua  of  diaiuagnctism  naturally  iiugKtwt  the  inquiry,  wtiMl 
the  rejmltiion  uxej'tnd  by  a  mSKnetic  pole  on  diama);netic  Unli  "  r 

distincl  from  that  of  mngnctisin  as  exerted  U|Kin  imn  nud  oil, 
the  niii;;netic  class  ;  or  wheMier,  on  the  other  linnd,  thn  nia^rn. 
UwiKiictic-  conditiouH  of  matter  are  merely  rclalire,  so  that  all  Ikk 
uia};uetic  iu  different  degrees,  and  the  apparent  repuliiiuu  of  a  dian 
body,  such  as  bismuth,  is  merely  the  result  of  it«  iM'ing  attracted 
mafrnct  less  than  the  particles  of  the  surrounding  m»liiint,  jnot  aa 
baliiHPti  reciHlos  from  the  earth  lievause  it«  weight  is  li-!>s  tbm 
rqnnl  bulk  of  the  surrounding  air.  It  is  eaxy  to  show  that  tii 
may  appear  uiagnetie  or  dinniagnetie,  according  to  the  medium  hi  win.  uj 
is  placed.  Ferrous  sulphate  is  a  magnetic  sulwtance,  and  water  is  <ll 
magnetic;  hence  it  is  ]»>i<sible,  by  varying  the  strength  of  an 
solution  of  this  salt,  to  make  it  either  magnetic,  indifferent,  or  dlao 
when  sus)>ende<l  in  air.  i^gaiu,  a  tntio  containing  a  solution  of  I 
sulphate  sus]M>ndtHl  horixuntally  within  a  jar  also  tilled  with  a  solntioni 
the  same  salt,  and  pliu'od  between  tlio  jioles  of  two  powerful  electro-ni« 
will  place  itself  axially  or  cquatorially,  aeeonling  as  the  solution  <5iintal4 
in  it  is  stronger  or  weaker  than  that  in  the  jar.  In  the  same  nuuin' 
then,  we  may  cfmeeive  (liiil  biKiouth  places  itself  i<<iuatorially  iK-tween 
magnetic  poles,  iK-eause  it  is  less  iiiagiu'lio  than  the  surrounding  air. 
tbi-  diamapnelisni  of  bismuth  and  other  iMxlies  of  the  """•■  .  1  -^  sb< 
itself  in  a  vacuum  as  well  as  in  air;  hence,  if  diamagii'  t 

regarded   as  a  distiiicl  force,  wii  must  sup{)o8c   that  the  '  -o 

netiu,  and  occupies  in  tlic  magxcUo  scal«  tko  place  intFrmmlialv  ItxtW^ 
magnetic  and  diamagnetic  bodiM. 

That  a  Ixuly  suspendiMl  in  a  miMtium  of  greater  magnetic  >i 
than  itself  will  rowxlo  from  a  magnetic  )ioli>  in  its  nciL'liborb. 
quence  of  the  greater  foriH<  with   wliieh  the  parti'        ■   •' 
im|xdlisl  lowanlH  the  magnet,  is  ho  obvious  a  c<'ii 
laws,  that  we  inn   scarcely  avoid    attrllniling  the   :..     .  „    .. 
lietic  UkHi-s  to  the  cause  Just  nientionwl ;   at  least,  when  the  IxidJ 
ponded  in  air  or  other  magnetic  gas.     There  Is,  however,  some  difl 
rm-tinclling  the  alx>ve-iJe5iiTil«'<l  phenomena  of  compn-fsi-d  and  cryrtkll! 
hiNlieii  with  this  view;    and,  imiroover,  Tyn-lnll   bn»  «howii.  hv  a 
whii'h  we  cannot  hi-re  di-stTilx!,"  that  ili  n 

poles,  analogous  to  Uiose  of  magnetic   I 
attractc<l    by  one    [jolc  of   a  i        ■     ■ 

Jtolarity  shows  deci'ledly  thai  ''niy 

in;    wholly   due  to  n...  .liil.t 
WCTO,  every  part  of 
of  a  magnet.     Dinii 
rOgartUid  ••  •  taree  ilialiuct  from  uta^iteuoui. 


•  Phil.  Trans.,  lUi  and  I 


l|  W*  alto  Walt*'*  iJlt^ilooar;  oi  v  licniialrj,  ^ 
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T  ••■aling-wax  is  riiliU'il  witb  a  <1ry  doth,  it  ocqutm 

.-   light   IkkIIkh,  m   ftitttli<'r»,  Jum,  or  liiln  of  impor ; 

I  u  itvH-  and  jiwuliar  votuUtiun  of  thu  body  rubbnl,  valtutt 

■n. 

[I:  '     'Iti-r  be  su8{H>nili<il  l<y  a  llirvad  of  wliiti-  silk,  and  A 

liy  nililiiiij;,  l'i>  prt-^i'iitwl   to  it,  tin-  fi'ntli.T  will   Iw 

"■•>•■,  odliiTo  to  it»  Burfooo  for  a  fow  socunda,  and 

!>(■  now   fxi.'it<.fl  anew,  and  presvntvd  U>  tkti 

r.»nyl/  rnjwllwl. 

iiiiHnt  7iii»y  bt"  ri'pffttt'd  with  slu'llao  or  resin  ;  tlip  fi-allxT 

.tr  will   III-  drnnn  townrda  thv  ••>;cit<;d  Ixxly,  and,  aflui- 

iiiri'n  from  it  witli  a  (■•■rtuin  dt-grt'oof  forcn. 

ilicr  U.'  Iiriui^lit  into  cuiitaci  with  the  excited  glass,  an 

jMii-'i  l>y  that  sulijilanoe,  and  let  n  picoi'  of  exritcd  si-aling-wax 

ttJ  to  it ;   a  di-gm- of  attraction  will  !«•  ohscrvwl    far  i-xwi^iiiy 

•  '  "1 !'"■  fi-Athfr  is  in  its  ordinary  state.     Or,  again,  let  tlm 

.I-  for  )>i'nling-wax,  and  tliua  the  excited  gl.-ua  Ik< 

'  '  < 'tion  will  ensue. 

Will  at  once  Bi'e  th<'  porfecl  parallelism  between  the  rtfivtM 

i  ■  I  tiome  of  the  phenomena  of  magnetiKm,  the  electrical  exoite- 

!■  .1  twofold  nature,  like  the  opposite  iwlaritiif  of  the  magnet. 

'  iiirh  one  kind  of  cxciteiiienC  has  \tvvn  itimmunicnted  is  at- 

■'       '     'v  in  the  opjMisite  state,  and  repelled  by  one  in  Iho 

:   glass  and   r<-t<in   Ix-ing  to  each  other  as  the  north 

r  i,\   III  i 'lo'tized  bars, 

I  nt  forum  of  excitement,  ternm  are  em- 

;  1        n;;  in  some  mnasuro  In  theoretical  views 

iiatufp  of  the  I'lecliii'ttJ   disturbance,  may  be  understood   by   the 

a*  purely  irbitrtiry  and  distinctive:    it  is  oistoniary  to  call  the 

1  I  lis  rublie<l   with  silk  /mttitirr  or  rilranm,  ajid 

lihellac,  and  botlies  of  the  same  class,  rubbtid 

r..,,i.,iu.     The  kind  of  electricity  depends  in  somo 

Ui  IK-  of  the  surface  and  the  ijuality  of  the  rubber; 

»ii  in  |;I;lsb,  rubbed  with  silk,  iHtomes  jxwitive,  but 

•  I  Tied  by  sand  or  emery,  it  acquires  under  the  same 
bi  ive  charge.  Olass  dried  over  a  ga«  flame  and  rublKsl 
»  illy  alito  negative  ;  when  dried  over  a  flro  of  wood-char- 
0                                itive, 

■      "  ■•  in  llie  same  cbttrieal  slate  is  taken  ad- 

Tj  iit«   for  indicating'  olectricol   excitement 

»•  ..-  i.iii.i.      i.M.  balls  of  elder  pilli,  hung  by  Ihreails  or 

»■  '/»!   win-s,  serve  this  purpose  in  many  i-asis  :    they  open  out 

*  .  ill  \  in  lie  of  their  mutual  repulsion,  and  show  by  the  degrees 
Of  I  to  whicli  thoexcilenienl  hs»b«'en  i-nrried.  .A  pair 
W  I  tn  a  metal  rod  having  a  brass  plate  oil  il»  uptx-r 
n  delicate  arrancenient,  and  one  of  great  value 
tt                                                ,~.     The  rod  should  be  covered  with  ft  thick 
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bjr  wanning  it.     ThMe  instrumRnta  are  called  electroBoop«a  or  Rlcctr 
ters  :    when  excited  by  the  cominu  nication  of  a  known  kind  of  elrclrU 
they  show,  by  on  iucreasmi  nr  diminished  divergence,  the  state  of  as  ek 
trifled  body  brought  into  their  neighborhood  (tig.  57). 


Flg.6«. 


Fig.  5T. 


One  kind  of  p|«ctricity  can  no  more  he  dev<*lop<<d  without  (lie  other  thaa 
onn  kinil  of  ma^n-tism  :  the  rubber  nnd  the  IxNly  rubU'd  alivaya  assui 
opiMwite  Ktatefi,  aud   the  positive   I'ondilioii  nti   the  BUrfiii-e  of  .1   masD 
ninlter  i»  invariably  accompanied   by  a  negative  Hlale  in  all  surround! 
bodies. 

The  induction  of  magnetism  in   soft  iron  has  its  exact  eonnlrrpart 
elec-lrioily  ;  a  body  already  electrified  disturhs  or  polariies  the  |>Brticl«i 
_  all  Burroundin);  substances  in  the  same  manimr  and  acomling  t«  tho  si 

^^^      law,  inducing  u  state  npiwsite  to  its  own  in  the  nearer  portions,  and  a  simi! 
^^B      state  in  the  more  remote  parts.     A  aeries  of  glolH-«  suspended    by 
^^      tlireada,  in  tho  manner  represented  in  fig.  68,  will  ca^h  become  eteotrio 


Fig.  M. 


Q  -Q*  Q^-Q^-Q 


Induction  when  a  charf;ed  body  U  brought  near  the  end  of  the  aeries, 
so  many  pieces  of  iron   in    the   vicinity  of  a  ni.ignet,  the  ]>oslltve  half  { 
l^»cb  glnlie  looking  in  one  and  tlie  Hanie  direction,  anil  the  iiegatire  tialT 
the  opiHwite  one.     The  positive  and  negative  signs  are  intonde<l  to  re 
the  opposite  state*. 

Tl...  .,,...,,.^1,-  of  the  indnoeil  elm^trioal  disturbancti  dimlnlshea  wi 
dl~i  I  lie  charged  body  ;  if  this  be  removed  or  dischargiHl,  all 

effi"  '  I  once. 

Sf>  (ar,  the  greatest  renentManee  may  he  tramsl  between  the*e  two  1 
phenomena;    biil   Iuti- 11  i<>i-tii«  in  great  nu-nsnre  Im  fi..i«n.     The 
jiolarlty  of  »  J..  1  iwitken  p'^ 

with  it"  by  th.  ami  In  •■ 


thii 


iimplrlvly  diiii'i'tni  ir<i 
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r«  IBmhar^  of  tflectricitr  coiutuitly  witnossed,  which  in  tlie  air  and 

>  lipiAk  nAMa   giTe«»    ris«-  to  the  nppcnraiiuc  of  a   tiright  spnrk  of  fire. 

\m^at»ry  magvtic  effwu  i-ompri^c  luu  groupn  nf  pliciiiiiin.nu  only, 

,  aameijr,  of  attractii^n   nnil   n-imliiiun,  aud  thusi;  uf  inductiun.     Uiit 

|b  4nti">aly.  iM  aililition  to  phenoiiicnu  very  i-Iosely  resi-mbliiig  theai-,  wo 

'  P*  Ills  «ff«cte  of  i/urJuirye,  U>  which   ther«  ia  nothing  8Uulugou8  in  mag- 

■*"-.  and  wUicli   taki^s  placf  in  an  iugtnnt  when  any  olectrified  body  in 

■  ia coaununicutiun  with  the  rarth  by  any  ouc  of  the  doss  of  gnbBtanc«s 

conlucUirs  of    electricity,  all  sigiui  of  electrical  disturbance  then 


I 


eoodttctorrs  of  eleitriiily,  which  tluiH  permit  discharge  to  take 
oogb  ih«'ir  Tuasii,  are  lontrasted  with  annther  clans  of  tiulii>lanc<M 
■k-ODibIui:t>ir>  or  insulaturs.  The  dill'ercnce,  however,  is  only  one 
not  of  kind  ;  the  very  best  conductors  offer  a  certain  renlstanoe 
btiM  •Uctricad  di*charge,  and  the  most  perfect  insniatoni  iM-miit  it  to  a 
tmn  vsUai.  TUe  iat>tal!i  are  by  far  the  licat  couductora  ;  glaxs,  silk, 
Adiac,  aail  drr  gas,  or  va]K>r  of  any  »ort,  the  very  worst ;  and  between 
^tmtlhmrt  are  t«>4i<w  of  all  degrettii  of  conducting  pow4'r. 

la  goad  enndUL-tor«  of  siilGcient  size  ele<'trical  disiOinrges  take  place 
A«U5  aad  witbout  ilisturliauce.  But  if  Uie  charge  l>e  very  intenne,  and 
>r  oatdaftor  Tery  small,  or  imperfect  from  ita  nature,  it  18  often  destioyed 
nk  Tiolroee. 

WVm  a  l(r«*k  is  made  in  a  conductor  cmploycHl  in  effecting  the  <li«charge 
if  ftkifhly  ••xcitt-d  body,  disruptive  or  spark -iiisiharge  takes  place  across 
1W  tntrrrcuing  air,  provideil  the  ends  of  the  conductor  be  not  too  distant. 
TW  rinrtricAl  »park  itself  presents  many  ]ioinl.s  of  iuterest  in  the  modi- 
hilann  to  which  it  is  liable. 

TW  tUBv  uf  transit  of  the  electrical  wave  through  a  chain  of  goml  con- 
titiin;  Uklie*  uf  great  length  is  so  minute  as  to  be  altogether  iuapprecinble 
It  xiilstary  lut-ans  of  ol«servation.  Professor  Wheatstone  s  very  ingeniiiua 
ttfntufat*  on  the  subject  give,  in  the  iustanou  of  motion  through  a  copper 
tin,  a  velocity  surpassing  that  of  light. 

ltW«riral  rxcitation  is  manifesteil  only  upon  the  surfaces  of  conductors, 
■r  ltea»  iwrlions  directed  towards  other  objects  capable  of  assuming  the 
MwiW  state.  An  insulated  ball  charged  with  jxisitive  electricity,  and 
|Moad  ia  thv  oentre  of  the  room,  is  maintaine<l  in  that  state  by  the  induc- 
ilnactiaa  of  the  walls  of  the  aparlnu-ut,  which  immediately  become  nega- 
1l*a(jr  rtcvtrifiol ;  in  the  interior  of  the  ball  there  is  alisuUilcly  no  electri- 
mjr  to  bo  found,  although  it  may  be  c«nstriicte<l  of  open  iiielal  g:iuze,  with 
l«lii»  half  an  inch  wide.  Uven  on  the  surface  the  dlstributiou  of  elec- 
tacil  foroe  ti  not  always  the  same;  it  depends  upon  the  figure  of  the  Ixnly 
MmU.  )Utd  ita  position  with  regard  to  surrounding  olijeits.  The  piil.irity 
i»  always  Ui^hi-st  in  the  projecting  cvtremitiiw  of  the  siune  conducting 
BtM,  aAd  greattrst  of  all  when  these  are  attenuated  to  points;  in  which 
CMe  thf  in<<<]nality  beciimea  so  gn-at  that  disch.irge  takes  place  to  the  air, 
Md  tl>»  rxeitivl  (vndiliou  cannot  be  maintained. 

fl/  the  aiil  of  these  principle,  the  construction  and  nse  of  the  common 
(U«tricsl  machinu,  and  other  pieces  of  apparatus  of  great  utility,  will  bc- 
— "  intelligible. 

A  Kla*s  cylinder  (flg.  59)  is  mounted  with  its  axis  in  a  horixontal  posi- 
U«i,  aH<l  jmividwi  wiOi  a  handle  or  wineli  by  which  it  may  Ix'  turned.  A 
WUirr  i.  made  to  pn-ss  by  a  spring  against  one  side  of  the  cylin- 

4a,9'.  •■  metal  (onduetlug  IkkIv,  armeil  witli  n  uuiiil«rof  points 

Mat  IK  i-vri  the  other  :   t«)1b  riisliion  iind  I'onituitiir  are  insu- 

latal   I  IS.  and   to  tlie  upper  edge  of  the  former  apiece  of 

«Bk  U  ..  i  ,  !^  t-nough  to  reach  half  round  the  cylinder.     Upon  the 


oiMliion  i»  spread  a  quantity  of  soft  amalgam  of  tin,  zinc,  aixl   iiwn 

mixed  np  with  a  littln  grease:  this  suhstnnre  is  found  b y  r 

excite  g\aa»  must  powerfully.     The  cylinder,  as  it  turns,  becon 

by  friction  against  the  rubber,  and  as  quickly  dischargvd  by  the  tvw^ 

Fig.  r«. 


points  attached  to  the  gn-at  oi inductor  ;  and  ns  the  latter  is  also  complet4 
iusuluti'il,   its  surface  aiiccdily   acqiiirca   n  cliar^jK  of  positive  elrotricit 
wliicli  may  1h>  iwumuuicatoii   liy  contact  (i>  other  insulated  bodies. 
maxinuini  etfci't  is  produci-d  when  tlu"  rut)b<'r  is  eonnecteil  by  a  chain 
wire  with  the  earth.     If  ne>;ativi^  el<>i-tricity  Ixi  wanted,  the  rubber  ma 
be  iiisulaled  ami  the  condnctnr  disclmrged. 

Another  fnrui  «(  the  eletiriciil  nmchim-  consists  of  a  circular  plat«  ( 
glass  (flg.  liO)  iniiviuf;  iijxm  un  axis,  ami  [imvided  with  two  pairs  of  cut 
ions  or  riil>l>ers,  nttaelierl  lo  the  ujiiier  .-iml  lower  parts  of  the  woodd 
frame,  coveruit  with  aiiial^arn,  Wtween  which  the  plate  moves  with  « 
aiilerable  friction.  An  insulated  conductor,  nnne<l  as  liefore  with  pointf 
discharges  the  plate  as  it  turns,  the  ruhlier  l«>ing  at  the  same  time 
nected  witli  the  ground  hy  the  wiMHi-work  of  the  machine,  or  by  a  strip  ( 
metal.  This  foriii  of  the  apparatus  is  preferred  in  all  casus  whore 
giderable  power  is  wfinteil. 

In  the  ninnagemeiit  of  eleiitrical  apparatus,  great  care  must  V>e  taken 
preveut  ilepiisitlon  of  iiioislure  from  the  air  upon  the  surface  of  the  );lass 
supjHirt.t,  which  sliniiW  always  be  varnished  with  fine  lac  dissolve<l  in 
almhol ;  the  sHi^titest  lllm  of  water  is  sufficient  to  destroy  the  power  of 
insulation.  The  rubbers  also  must  be  carefully  dried,  and,  like  the  plate, 
cleansed  from  adhering  dust  before  use,  and  the  amalgara  renewal  if  need- 
ful :  in  damp  weather  much  trouble  is  often  experienced  in  bringing  the 
machine  into  powerful  aition. 

When  the  conductor  of  the  machine  is  charge*!  with  eb-ofricity,  It  »o 
indirectly  on,  and  accumulates  the  contrary  electricity  to  its  own,  at  thj 


*  1  psrt  tin,  1  zlna,  nad  s  mercury.     An   smslitsin  of  permitnent  ioftneu  Hn4 
reii  pitlcicy  l«  oMslnetl  by  mivInK  »i  parts  mersurjr,  M  lln,  and  II  iloo.    It  U 

rt/er  Mlinll^  In  ailk  thnn  to  Irnthflr.  m 


— ...-    ........^   ... .J    .........^ 

better Mjtpli^  to  Bi}k  than  to  leather. 
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tnrfar«-  ..f  sti  llic  ■-iirr.mtjrIinK  pon<1iic<«>r».  It  pmdacva  the  grcatmt  effwt  I 
I  rest  to  it  and  is  in  the  beat  miinection  viih  tha  , 
icity  of  the  Bam«  kitiil  as  thai  of  the  machine 

BA^  ptfta  l»  tlie  earth.     Ai  the  indacinK  electricity  attrncta  the  indneed 

FlK.  i». 


«le(4ffeily  n(  an  opposite  kind,  so,  on  the  nth'T  hnnd,  is  the  former  at- 


Irai  till  t.v  tlif  I;.U 


II. 


the  (■li'Ctriiily  which  the  cjonductor  receives 

I  inlly  aciMttnulali-  at  that  spot  to  which  another 

y  is  uppiwi?'!.     If  a  metal  disk  in  in  connection 

•  r  i>(  a  lu^irhine,  and  if  another  similar  disk,  in  f^ood  con- 

'■arth,  is  pIncMvl  op]>«<iite  to  it,  we  hare  an  arrangemvnt 

'    I  ire  and    gncMi  cfindncting  surfaces 

■  onp  aunlher  :   thus  the  positive  F'g.  w. 

■  <  .lisk,  88  well  as  tlio  negative  condi- 

thrr,  must   Ix'   increasiHl  to  a  very  eonside- 

lhi«  limit   is  in   this  c«se,  liownver,   sikiu 

li-..    ih<-    tntcrveniiiK    air    easily  penuils 

■   to  ttike    plnim    throuirh    its    substniire. 

_■  holly,  as  Klass  or  lac,  this  h.ip- 

■  r  dilBoulty,  even  when  the  plate- 

1.  r  i«  very  thin.     It  is  on  this  principle 

Hir  the o<TMiiui/«(joii  of  elei'triiity  depi-iid, 

1  ..1  ,i..ii  iiT  is  the  most  iiupfirtant. 

1    on   both   sides  with   tinfoil. 

nxveral   inch«  of  the  tipper 

1  ) ;  a  wire,  teriiiinating  in  a  nietnl- 

-  with  the  internal  coating.    When 

is  oiiniKicted  with   the  earth,  and   the  knob  put  in 

Hor  "f  lln«  machine,  thi>  inm-r  and  outer  anrfaci-s 


<•  risfM-ctlvply  fi»HiTi>  anil  ne?ntivi',  until  a  very  pr 
/iM>  //fen  Mllaini^t.     On  eiJni)>lMting  the  connvulioit 
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twiHOi  tlto  two  coatings  li>'  K  metallic  wire  or  rod,  diKtOiarfrn  nocnn  In 
folia  nl  iMi  xxci'viUiigl/  bright  spsirlc,  aci'OiuiiiiiiK'il   li^-  a   lutxl  !«n.i|i 
if  tli«  liiimnii  Imly  Ik<  iutiTpciswl  in  tlm  circuit,  Uio  pvoulinr  nml  ijit 
abii-  gonsatlim  of  Ihu  t*li'rtri('  bJiock  is  felt  at  tlie  momviil 
Hy  fiiliirgiiiij   tin-  diuionHioiis   of  the  jnr,  or    liy  I'lHiii. 
iiiiiiilH>r  of  8110I1  jar8  in  xiii'h  a  mnuiK-r  tlint  uU  iua,v  Ix'  < 
ohiiryi'ii  siiiiultniii>oii!il.v,  tin-  pnHrr  of  tlin  apparntug  may  Ix'  Kr<?«tly 
in<-nt<<<l.     Tliin  vrlros  of  ui>>lal   may   b<'  ftiBi-il   aii<i  lii^>Kipat<xl  :    pieces 
wimhI  inxy  lx<  shatt<!ru<l ;  iiiiiiiy  coniliustiblo  subxtano's  set  011  tire  ;  mbA 
tlic<  well-known  iilfcuts  of  liglituing  i'xliil>it»il  upon  a  small  scjiIh. 

The  flectrio  spnrk  is  ofton  vt>ry  Konvuniently  eraploywl  iu  rlK-mii'al 
qnirii-s  for  firing  gasiwus  niixturra  in  eluHi-d  russi-ls.     A  small   heycl«n 
elinrgeil  liy  thi'  mai-hiiK;  is  tin-  most  (^ffi'Clivi?  cuntrivanc*;  for  this  ]iiir|K 
Inil,  not  unfriNiurntly,  a  nipthod   may  Ik>  r<«orte<l   to  nhicli   iuvnlrm 
jiri'paration.     Tliis   mi-tho<l  was  di'visyd    by   BiinstMi.     A  largx 
tiilx',  wliicli  is  dry  ami  warm,  is  wrapped  round  and  rubbnl   brisli 
dry  silken  cloth,  and  after  nacli  rub,  tlm  tulw  is  brought  in  tim  itn) 
nciglib»rhix>d  of  tlu<  kuob  of  a  small  L«yd«ii  jar,  the  outur  oosting  of  1 
Vtwsd  Iwing  in  c^mncction  with  tliu  earth. 

Tin-  eli><:tro])lior US  (flg.  62)  Is  also  frL<(]Upntly  uswl  for  this  purp 
This  intitrumpnt  nm^istii  of  a  round  tray  ur  dish  of  tinned  plate,  hart 
a  stout  wire  round  its  upper  edgt* ;  thn  n  idth  may  U-  nUiut  twelve  inclj 

aiid  the  ilejith   half  an  inch.     This 
Tig-  ■>■  is  filled  with  melted  shellac,  and  the  »^ 

face    rendereil   as   e%-en   as    p<r8Biblc. 
brass  disk,  with  rounded  edge,  of  fth 
nine  Inches  diameter,   is  also   provii 
•nd   fitted    with   an    iiuulating    lii 
The  ri'Sinous  plate  is  excit<<il   by  ktril 
it  with  a  dry,  warm  piece  of  fur  or 
nel,   whereby    it    lieconies    cI  '       if 

negative  electricity.     If  the 

placcHl  ujKin  it,  the  )M«ilive  1 .. .    _vj 

drawn  to  the  under  surface  of  the  ma 
nearest  Ut  the  negatii'ely  chargol  rt-siu 
nuke,  while  the  negative  electricity  is  re|K-lliMl  to  the  uj)jiet  surface  of 
iMirer  ;    on   touching  the  oova'r  with   the  linger,  the   negative  eleclrlci 
paHses  away  to  the  earth,  while  &11  additional  ijuaiitity  ot  |Hi8itivi»  »>Imt^ 
city  is  drawn  into  the  plate  ;  and  if  the  linger   Ih<   rcniovetl  and   the  uit 
then  Iift1.1l  by  its  insulating  linmlle,  it  will   Ixi   fonnd  so   strongly  oha 
by  imluction  »  lib  |Kioitive  elecliicily  as  to  give  a  bright  spark  :  and  aa  I 
r<>iilii   i'<   ""I   •lixcliargisl   by  the  I'over,  which   merely  touches   it  at  a 
pni:  may  he  drawn  as  often  as  may  l>e  wished. 

.1  r.lr,irii-iiy. — It  is  not   known  to  what  cause   the  diitnrhana*_ 

of  the  elev'tiKal  loiuilibriiiiu  of  tlm  atmimpliere  in  due  :    exp 
fhown  that  the  higher  regions  of  the  air   are   nsually  in  a  |" 
the  intiuisity  of  which  reaches  a  tnaxtmuni  at  a  |inrticular   p<'n'"t. 
day.     In  cloudy  ami  stormy  wenttii>r  the  dlHtriliulion  of  the  alma 


eb- 
ofl. 

'I    r 

nh.»rge  ami  .1 
nfpri-»ent  the  1 
or  diiJutric.      The    | 
mmllum  Iwtwi-en   t 
dUniptivr  di»rharg 
*iUu>T  bodk*  wfculi 
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'  ■  -  '      '•     "       i;    >---    :      ■'  ■  •   -iiii  liarnil.?f»  ;  but  in 

I'Uigerous  vIlwU  ai* 

...... 'ing-rod*  atUrliHd  t<> 

I  iif  which,  however,  deni&ndj  a  number  of  prt>cau- 

.■  rttiKHl  or  atU-nded   to.     Tli«  moitUi  of  ships  way  bu 

uiiiiiiuT   l)V  metal   uondoctors.     Sir  \V.  iiiiow   llurrin  hua 


»»f.»l.lM  of  .    -  ' 

»>»     -.  --    •' 

h 

tf 

ilrriiTril  a  tnn*t  iniffiiions  plan  for  the  purpose,  wliich  is  now  adoplvU,  with 


The  ■ 

tfSt    ohs-r-. 

KraaXTvag. 


Uoval  Navy. 

rtMl  uuili^r  certain  circutu8tanc«a  h.r  a  jot  of  sleaiu, 

awiil'-nt,  but  siiiw  closely  inve»tit;nteil  b_v  Sir  W. 

irilii  by  Faratlay,  i»  now  referred  to  lli«  friction,  not 

If,  but  of  particles  of  condensed  water,  against  the 

:i-tube.      It  has   be<<n  proved  with  certainty,  within  th«< 

.  ii  evaporation  alone  is  not  capable  of  disturbing  the  elec- 

i'liuiu,  and   the   hope  liret  entertained,  that  these  phenomena 

<    light  upon  the  cause  of  electrical  excitement  in  the  atinoti- 

i  abandoned.     The  steam  is  usually  positive  if  the  jet-pijm  1>« 

■  (  wood  or  clean   metal,  but   the   intriKluction  of  the  smnlU<8l 

r  rHuses  a  change  of  sign.     The  intensity  of  the  charge 

in.  roaij.'il  with   the   elastic  force  of  the  steam.     By  this 
t"    l>cM>n   olitaineil  very  far  surpassing  those  of  the  most 
levlKotricitl  machines  ever  constructed. 

nn   el<.clricity  cin   be   directly  evolved  by  evaporation,  yet 
I  ;i  high  degree  the  pmperly  of  discharging  into  the  atmua- 
i'ity  which    often    otxuiuulatos    in    Uxlies  from  which  it 
I  h.-  T -^11  liranches  and  leaves  of  tret.-s  do  this  to  the  greatest  ex- 
Wat,      When  moistened  with  rain  or  dew,  tb'-ir  surfaces  Iwcome  positively 
•laetrioal,  whilst  the  internal  parts,  evuu  to  the  roots,  become  negatively 


I 


aril 


SLECTBIC    CDBBE.NT  ;     BLBCTBIC    BATTEBT. 

Wli«-f    '"■  •  ""'''I    condncting    boilies  are    plunged    into  a  li<iiiid  which 
«ctt    di  une<inally,    the    electric    eiiuilibrium   is    disturbed,  the 

aan  ■«<(  '  pn<iltire  condition,  ami  the  other  the  negative.     Thus, 

■(••M  «(  line  and  platinum  put  into  dilute  sulphuric  acid,  constitute  an 
4rfaop>^i-"n<  ejipnblc  <>f  generating  electrical  force  :  the  line,  which  is  the 
m-^lt  -'  ~  negative  :  the  platinum,  which  remains  unaltered, 

^«aiji,  iidition  ;  and  on  making  a  metallic  communication 

la  any  »  ^r  n-nv.'.-u  tlie  two  plates,  discharge  ensues,  as  when  the  two 
amrOw  of  a  coat'-d  and  chargeil  jni  are  put  into  connection. 

Ko  soiioer,  however,  has  this  occurriM,  than  the  disturbance  is  repeated; 

•art  ILS  ihw  snivrtjsive  charges   aufl  dischargi's  take  place  thmugh  the 

liiM    ill!    niftals  with  inconi*ivaWe  rapidity,  the  result  Is  an  apparently 

1'  tion,  to  which  the  term  elntrinU  rurrent  is  given. 

-ary  to  guard  agninst  the  idea,  which  the  term  naturally  sug- 

il  Utdily  traiisfwr  of  Romething  throngh   the  sulmtance  of 

ik"  water    throngh   a  pipe;  the  real  nature  of  nil  these 

•    '"  unknown;   the   expression  is  ironvenient  notwith- 

ted    by  bing   use;   and  with   this  caution,  the  very 

1  ('lying  figurative  language  to  descrlh.' an  effect,  and 

«  •  the  natnre  of  the  effect  fWm  the  common  meaning  of  words, 

-itv  of  the  electrical  excitement  developed  by  a  single  pair  of 
,  1,'.,,n'1  («  loo  fefble  to  affect  the  mrwt  delicllle  p.ild-leof  elwtnv 
•itig   a  nuratwir  of  such   alternnlions  in   a  cont\e<;te<V 
-r  l/ial  the  lUrvctiim  of  the  current  shaW  \)».  tVvi 


1 


no 


SLECTaiOITY. 


Fig.  a. 


same  in  each,  thn  int<'n9ity  may  be  very  greatly  exalted.  The  ingtramen 
iuveotoil  l>y  Volta,  called  the  pile  aud  crowu  of  cups,  depend  uf 
this  ]>rimMpk<. 

Lijion  a  platu  of  zinc  is  laid  n  piwe  of  cloth,  rather  smaller  thau 
BttwpiHl  ill  dilute  acid,  or  any  liquid  oapablv  of  exertiug  chemicjkl  acli 
iipou   tliu   zinc;  upuu  this  i»  plac<Hl  a  plate  of  oopp 
silver,  ur  plntiuuui ;  then  a  secuud  piece  uf  ziuc,  anoth 
cloth,  and  a  phitu  of  inactive  mi-tul,  until  a  pile  of  ab 
twenty  iiltmiationB  ha»  been  built  up.     If  the  two  I 
iiiiiijil  plates  be  miw  toutlu-d  willi  wi-t  hamU,  the  sen 
timi  of  the  elertrical   shock  will    Ik-  experienced;    batj 
uiililcu  the  nioiuentary  effect  prixliicM  by  the  discha 
■  >f  a  jar,  the  »en.sation  can  Ui  rupeated  at  will  by  rep 
iu);  the  contact,  and  with   a  pile  uf  one  hundred  su 
pairs,  excited    by  dilute    acid,  it  will   be  nearly  insag 
purlable.     When  such  a  pile  is  insulated,  the  two  ext 
iiiitii>a  exhibit  strong  positive  and  negative  states  ;   a 
when  connection  is  made  between  tliem  liy  wires  armed 
«  illi  [Miinls  of  hard  charcoal  or  iiltiiubsgo,  the  disch; 
lakw    place  in  tbe  form  of  a  bTi<;ht,  enduring  spark  i 
stream  of  fire. 
The  second  fitriu  uf  ;ipparatn3,  or  crown  of  cups,  is  prwisely  the  aa 
in  principb-,  aItUi>ii)^li  liillerent  in  ap(K'arance.    A  nunil«-r  of  cujw  or  gla 
are  arranged  in  a  ruw  ur  circle,  each  oontaininga  pieuu  of  active  and  a  pit 


of  inactive  nu-tal,  and  a  ixMiinn  uf  exviting  Utiuid — zinc,  cfipper,  and  dilute 
sulpburic  acid,  for  example.  Tliecoji|>er  of  llic  first  cup  is  connfx'titl  with 
the  zinc  uf  the  si'cnml,  tlie  cipiier  of  the  second  with  the  zinc  of  tbe  third, 
and  BO  to  the  end  uf  the  series.  Qn  establishing  a  wmmuuication  betwe<'n 
tliu  first  aud  ta.sl  plates  by  means  of  a  wire,  or  otherwise,  discharge  t^es 
place  as  In'fore, 

When  any  suuli  eleutrioiil  arrangement  consists  merely  of  a  single  pair 
uf  ixindiictors   and  an   intiTixisixl  liquid,  it  is  called  a  "  simple  circuit  ;'Vj 
when  two  or  more  alleniat inns  are  citncernetl,  the  term  *'i.'Uiii[Kmud  circuit'4fl 
is  applitvi  :  they  are  called  also,  iiidilferently,  Vtillaic  batteries.     la^n 
Bvery  form  of  sncli  apimratus,  however  cumplex  it  may  appear,  the  direc- 
tion of  the  current  may  lt<>  easily  uiiderstCKxl  and  renieml«!red. 

Wh«n  both  ends  of  llio  serifs  are  insulated,  the  line  end  exhibiU  nega- 
tive, the  rnjiper  or  plaHiium  end  positive  electricity  :  consequently,  when 
the  two  exiremitii-s  or  |iolt>9  are  joined  by  a  conducting  wire  and  a  oomplctw 
circuit  formed,  the  current  of  positive  electricity  proceeds  inVAoirt  the  bat- 
tery fn>m  the  platinum  or  eupjier  to  the  line,  and  iritliiit  the  battery,  froi| 
Uin  zjnt'  to  tht'  iiipjHT  or  {ilntiuiim,  as  indica!(Hl  by  the  arrows — just  as 
tJie  common  electrical  machine,  when  the  posvUvc  cotvlttclor  and  the  rul 


KLECTRICITV. 


Ill 


VB- 


li    »IVii    Uil»' 


il."  iHwitive  curr)>nt  proceeds  from  the  conductor 
<  r,  awl  th>?nw  aluug  tb«  surface  of  tlic  gloiift 

tor  agiiiii. 

rigitial  pile,  lua-le  lijr  C'ruikHbaiik,  the 

;  uiif.ftlii'r,  auJ  c«mniiu><l  wut«r-li(;ht  into 

'1  divi<l««l  into  A  series  of  ckUs  or 

uxciliug  liquid.     Tliis  apparatus 

^iiiixi  III';,  ^t  oS  tuuuou,  Xu  act  upou   Uiu  <slevtro- 

Fig. «6. 


'vi>»lu>cks:  Ucuiio  lu  aiivanlag<H>ua  tauploTment  in  the  appf 
ricity  to  mi-dirini?, 
r  ■■  1 »-  mon-  ouiivi.'nli>nt  for  most  pHrpos<?»  is  tlint  rontriv<-il  lijr 

[.  I.      Ill  tliis   till?  oopiH'r  in  miule  coiuplftdy  to  ••ucirolo 

pt  at  iJie  islgfs,  tli>-'  two  iiK'tals   Wing  kept  apart  by 
r  Kid.     Kaoli  »lno  in  M>ldtT<.-d  to  th(' precedinR  copiR-r,  Bud 

I  i  to  a  bar  of  dry  malio;;niiy,  go  that  the  plates   ran   im 

Wl*A  Into  or  out  of  the  add,  which  is  coiitaim-d  iu  an  earthenware  tr<iU);b, 
diriijnl  itit<i  separate  celU.  The  Iiqui<l  vi>iisi:ittj  of  a  mixture  of  l(Ml  p.irta 
vater,  2J  parta  oil  of  vitriol,  and  2  parts  commercial  nitrio  aciil,  all  liy 
mratiirr  A  uuuiher  of  such  batteries  are  i.'asily  connected  togetlier  by 
(tnpa  Ot  ahect  mpper,  .ind  ailiiiil  of  U.-iiig  put  into  action  with  great  eiue. 

Fig.  00. 


In  an  thew  older  IVirms  of  the  voltaic  ball/fry,  however,  the  power  ropidly 
J,.,  ....  ',, it  time,  scarcely  the  tenth  part  of  the  original 

^.  ixmcr  di'penda  partly  on  the  gr.-wlual  chiings 

,,(  ..      .■luc  8ulph:ite,  but  still  mure  on  other  ra»si«, 

w  ',...  more  nitKlern  forma  of  the  battery  which  hava 

te  thetu,  will  be  more  ewily  understood  at  a  subs*-^ 
triwn  tre  oomo  to  coiLsider  the  nature  awA  «tte  '" 
tifuut/tion. 


Hi 
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''K&lvftiiism,"  fometimes  mpplic«l  lo  this  branch  ol  elesf 
Mtl  in  hunor  of  Ualr aui,  of  lkiluj;ua,  » lio,  iii    IVM,  made 


TWicna 
Miaam,  1*  nanl  in  hunor  o(  Ualr&ui,  ul  uuiuj;ii 

wvtj  «Tion»  obbt-rvation  that  oonvuiaiumi  could  be  pro<luc'ed  in  the 
of  a  dead  6«9  whan  oertain  metaU  were  luiuie  to  touuli  tb»  uerw  and  m^ 
da  at  the  ujne  sioaMiit.     It  was  Volta,  huwever,  who  pointed  out  f' 
<l8rtrin»l  origia o( thaae  motions:  and  nitlioiigli  tbe  explanation  be  ufftt 
rf  lk**oarc»  of  the  elcotriral  disturbuiiee  in  no  longer  generally  adopb 
w<»  BMB*  i«  TMy  pmpcrljr  aaociated  with  the  Invaluable  iustruoieut  ' 
ftmimt  gvn  to  aoieaae. 

■UU-TEO-MAOX  ET18H . 

ftmwi1.li    ^''    ^^'^   ^^'^^    electricity  ix  capable,  nmliT  i-erlain   iHr 
tttMom,  both  of  iudu<'iu^  aud  of  denlmyiiig   niaguetisiit,    hint  lung 
knova  Draat  the  effeet^  »f  lightning  on  the  conipasii-uitxlle  and  up4in  nu 
Itiri  krlMcA,  as  kniveg  and  forks,  to  which  polarity  has  suddenly  ' 
(<•«•  lij  th«  stroke,  it  was  not   until    lt!19   that  the  laws  of  these  pk 
miliiln  werv  discorerMl    by  Oerstod,  of  Copenhagen,  and  shortly 
wards  fnlly  developed  by  Ampere. 

If  a  wir»i  oonveying  an  electrical  current  ho  brought  near  a  magne 
MMvtlo,  the  lattor  will  immediately  niter  its  position,  and  assume  a 
WH  H  ■oarljr  perpendicular  to  the  wire  as  the  inoile  of  su8]ien!«ion  and  ' 
mpMlfMtOi  Um  earth  will  permit.  When  the  wire,  for  example,  is  pla 
dlTWlly  OTnr  the  needle,  and  parallel  to  its  length,  while  the  cnirrent| 
«M*(m  tntveU  fV>im  north  to  south,  the  needle  is  ile(lit^te<l  from  its  ordina 
dlNoUe*,  and  the  north  pole  driven  to  the  eastward.  When  the  curr 
b  l«rM\M(l,  the  same  pole  deviates  to  an  equal  amount  towards  the  w« 
PlMiVf  the  wir\>  U'low  the  needle  instead  of  above  produces  the  same  elW 
M  l«rM«ing  the  current. 

TIm  dirtvtion  which  the  needle  will  asiinme  when  pla(^ed  in  any  par- 
UotUar  poaitiou  to  the  conducting  wire  mar  Iw  determined  by  the  followii 
rule:  L»t  lt»  aimml  ht  m/j/xwet/  to  puiat  Ihrmijh  a  irntch/nim  the  /art  tot 
hadtt  ikt  ■■tin  y*  tke  mordt  ftalu  will  be,  in  the  ilirriiion  of  thti  hands.  Or,  1 
I'U  ttwrwr  JMioiiM  kimmlf  mnmmii><)  m  thr  direrlion  of  the.  currrtit  uith  hit  fa 
fmmjJk  A*  tumik*:  t/U  north  poU  ^'  the  ntedU  will  thai  be  dejiected  totranU  I 


r\f  «T. 


Fis.as. 


^ 


i 
I         It 


Ir  reference  is  often  required,  a  little  piece  of  apparatus  (fig.  6S)  may 
u«ed,  oouumtiug  of  n  piisx>  of  |>astel>ourd,  or  other  suitable  material,  cut 
Into  the  forui  of  ai)  arrow  fur  indicating  the  current,  crossed  by  a  magnet 
hnvlug  its  (Miles  marked,  and  arranged  in  the  true  position  with  respect 
to  the  current.  The  direction  of  the  latter  in  the  wire  of  the  galvanoscope 
uuii  nt  uneu  be  known  by  placing  the  representative  magnet  in  the  direction 
asaiiMiiid  by  the  nee<lle  itself. 

When  the  neeille  is  subjeileil  to  the  action  of  two  currents  in  opposit 
illnrntiutiM,  the  oiio  altove  and  the  other  below,  they  will  obviously  oonc 
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The  RMDe  Uiing  happona  when  the  wire  carrying 
bent    upun    itseif,  aud    tliu    iit^lle 
i  liatwawa  tiie  two  portioiui  aa  iii  ti^.  ij'J  ;  Fig.  cv. 

rW^TJ  lime   lUi-  ln-Uiliii!;  in  rt'jx-ateil, 
I  portiua  uf  tlie  currxul  is  nuule  U>  act  lu 
■•  Biaiuier  upuu  the  ut'e<lle,  it  is  easy  to 
•   •  vurreut,  too  fcirlilo  to  proiiuoe  aiiy 
1  oiun  a  niinple  straight  wire  in  euiployed, 
iLkdn    b^  ttiis   oiilitrivaiict!  to  exhibit  a 
artiMU   ull    llio  uiu(;iiet.      It  18  on  this 
likat  indtruiiii'UtK  c.illeU  galfanometrts, 

or  mutbifUim,  are  a^nstruoted  ;  they  Berve  not  only  to  indi- 

I  roMnaee  of  elet-lrical  currenln,  hut  to  .ihou',  by  tlio  ellects  U|M>n 

■lie,  th*  direction  in  whii-h  they  are  moving;. 

I  if\\r-»f-y  of  tlie  iiutruiDent  may  be  iiumeu«ely  iucToased  by  the  OMO 

TMT  tonf;  ooil   of  wire,  ami  by  tLe  aililitiun  of  a  second  neeille.     The 

lM<«lt<«  ar«  ot  equal  size,  aiiil  ma);net ized  a^  nearly  aa  poAsiblu  to  tlid 

itztoit :   tbey  ^re  then  immorably  fix<il  together  paralb'l,  and  with 

rpola  appo»eid,  and  hiin^-  by  a  long  tibre  of  untwisted  silk,  with  the 

r  nwUi.  in  the  ooil,  and  the  up]>er  one  almre  it.     The  ailvaiitage  thu.s 

y  t«r<»fold  ;    the  system  iii  attiilir,  ^nalfect4^d,  or  nearly  80,  by  tlm 

of  the  earth  ;  and  thn  needlxx,  being   both  acted  upon  in  the 

i«r  la;r  the  current,  are  arg(«i  with  much  greater  force  vhnu  one 

i*»aM  i>o.  all  the  autionit  of  every  part  of  the  mil  being  strictly  c<in- 

li,     A  tlivWwl  circle  is  plactMl  tx'low  the  npper  needle,  by  which  the 

a  mution    can   Ix*  raeusunil,  and  the  whulo  is  inolwe<l  in  glass,  to 

th«  ncMMlle*   (rom  thu  agitation  of  the  air.     The  arrangement  ia 

I  la  tg.  70. 

Fie.  TO. 


1 


I  ^itm  dirMtion  of  the  current  which  deflecta  the  gaWanometer-needle  in  s 

Ur  «ray  b  ea.sily  dct^^rmini^  by  the  rnlex  giv<-n  on  pnge  112,  when 

the  direcllon  in  which  the  wire  in  coiled  round  the  frame,      l-'or 

it   irt   neooBiittry  to  disliuguiah  belwiM-n  riiilit-hnmM  and  h/i- 

iU  or  helieea.     Su'ppo<ie   the  wire  to  be  uoiled  round  a  cylinder 

ag  at  the  left  haiiil ;  then  if  the  tunis  in  front  of  the  cylinder  pro- 

1  fMm  I.  low    npwardx,  us  m  fig.  71,  Hie  .•<iil  is  le(l-!>!<nded  ;  if,  on  the 

lf»ry,  Ihey  prw^wi  in  front  from  above  doyfuwards,  ua  in  flg.  72,  the 

i  ia  r%bi-l>«Jided. 

•  J0» 
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A  magnetic  ueedle,  placed  with  ita  oenlre  in  the  nxia  of  Huch  a  coil,  I 
its  north  or  Houth  pole  towards  thr  vuU  of  tho  coil  at  which  tb«  rur 
enters,  aooordiiig  as  the  coil  is  left-  or  ri^ht-hjuided. 


Fig.  TL 


Fifrli. 


The  direction  given  to  the  ni^le  li>  thesninp  whpther  the  coil  l»  rionjrata 
u  in  the  above  llgures,  or  compressed,  on  in  the  gnlvniioniHtcr.  As,  ho 
ever,  in  the  galvanometer,  when  complete,  it  is  not  easy  to  hw  whether  ( 
coil  Is  left-  or  right-handed,  it  is  bemt  to  determine  l>y  experiment,  once  1 
all,  the  direction  taken  by  the  needle  when  the  current  enterv  at  unn  ] 
tioular  end  of  the  coil. 


Acliun  nf  the  Majnrt  on  the  Electric  ('urrent. — ^The  oction  between  tlie  cD 
reJit  and  the  nmgnet  is  mndi.il,  bo  that  if  the  conductor  conveying  the  cfl 
rent  in  tte«  to  move,  it  is  detlecl<<d  in  the  dirwtiou  opjHWite  to  thai  wbid 
the  magnet  takes  under  its  influence  ;  in  short.  If  the  nmgnet  and  condu^ 
iiig  wire  are  both  free  to  move,  they  pine*-  themselves  at  right  anglrs  ' 
ench  other,  the  magnet  moving  in  the  manner  iu<lic^ited  at  page  1 1^ 
the  wire  in  the  opposite  direction. 

The  action  of  the  magnet  on   the  current  may  be  shown   by  meaii» 
Ampere's  apparatus  (lig.  73).     On  holding  a  bar-magnet  below  the 
angular  wire,  and  parallel  to  its  lower  horizontal  arm,  the  wire  turns  roul 
and  placea  itself  at  right  angles  to  the  magnet,  the  position  of  equilibriil 
being  duturmiued  by  the  rule  just  alluded  to. 


FlK-3. 


Fig.  r*. 


© 


t=^= 


^^ 


A  siniplnr  a/iparatris  (hr  tho  piirpfl««  In  !'• 
Ifbloh   eouaijitu  of  «   pair  %•(  »iu«  anii   coppnr   \ 
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fluBt  111*—  '■"  •■•'•-l  '••'■  '■■"-k  iloat,  aud  v-oaiUHjled  log^th-?!  by  a  rectangular 
•ire,  «r  •J  helix  o(  covoreil  who  (Ug.  74). 

Jk  mo-  '16  dullccted  by  Ibe  tjurlli  s  mu^iii'tism  in  the 

Mine  way  am  by  an  unluuii.v  magnet.     Thus  the  rvi'longiiUr  wirv  of  Am- 

ptr^»  ai>paxatiu,  or  of  a  llualing  battery,  when  left  to  ilaolf,  will  take!  up 

a  [KMitjim  at  right  augb-s  t<j  the  uiagiiftic  lueridiaii ;  anil  rvmciutioring  Hint 

the  north   iimgiietio  |K>le  of  the  earth  is  aniUngouB  to  the  south  puK.  of  an 

-      .'in-t,  it  is  easy  tosei-  that,  in  the  ix'siliun  of  stable  •Hjiiilibrinm, 

•  >f  the  eurreiit  will  be  fMUJ  east  to  west  in  the  lower  hnrizonlal 

_..  1  from  below  upwar<ts  on  thew>-*teru  vertical  eiJe.     If  the  wire 

lorui  of  a  hmg  helix,  it  will,  iu  like  manner,  plaee  itself  with  the 

-    .1  the  heliit  at  right  angles  to  the  magnetic  meriflian,  and  therefore 

»iUi  ilD  axi«  parallel  to  that  meridian,  the  eiidit  pointing  north  and  south. 

Just  like  thoseof  an  onlin-iry  uiagiietie  needle.      If  the  helix  is  left-handed, 

tlM  cud  (.vuuecltoi  w  ilh  the  copper  plat«  of  the  battery  will  point  to  the  north. 

Uuttktl  Artian  nf  Etcflric  Currentt. — If  a  conducting  wire,  connecting  the 
poirs  of  B  %"olUiic  liattery,  be  brought  near  the  movnbb'  wire  uf  Aniitre's 
ii.i.nratuB,  or  the  wire  of  a  floating  battery,  the  niovnble  wire  will  be 
^l  or  rep«'ll«d  according  to  the  relative  direction  of  the  two  currents, 
iTal  law  of  the  action  Iwing  that,  tUdric  current*  nwriny  in  /Hinillel 
Uurt  aurart  0»f  another  if  tlirij  iiiovf  in  tht  tome  direction,  and  nptl  one  unollirr 
if'  ikef  mMwe  i«  o/ijiosile  direeliimt.     From  this  it  is  e.isy  to  see  that  if  a  helix 

0,  lie  two  jKilei  of  a  battery  lie  brntight  near  the  helix  of  a  lloat- 
li,  .iiid  if  the  two  helice.i  are  similai — that  is,  both  right-  or  both 

1.  —their  jimilar  ends,  i.  r.,  those  by  which  the  current  enters 
or  ■    helix,  will   repid   each  other,  and  their  dissimilar  ends  will 

all,. Is   other,  and   con»e<inently  the  movable  helix  will  place  itself 

p«rmllFl  to  the  Cxeil  helix  with  its  poles  or  ends  in  the  contrary  direction 
to  lhoa«  of  the  fixed  helix.  In  short,  the  two  helices  will  act  on  one  another 
cxartir  like  two  bar-magnets  ;  and  if  an  ordinary  bar-magnet  be  substi- 
talfd  for  Ihr  Sued  helix,  the  effect  will  still  be  the  same,  each  endof  themor- 

■.-.1  by  one  jiole  of  the  magnet  and  repelled  by  the  other. 

lance  between  the  mutual  action  of  electric  currents 

>  ii..,-i  led  to  the  idea,  suggested  and  developed  by  Anip^e, 

actuallv  pro- 

Fig.  7». 


Sble  helix  1" 
Thi'<  Hiril, 

d 


.:  ,c  currents  cir- 
'id  the  molecules  of 
■  1  in  the  same  direo- 
11  .  currents  may  l>o 
(,,  i.ro-^Tlst  ill  all  mag- 
7,,  '  fore  the 
J  tic  iMilar- 
jt,  1  without 
Tr.-i'  u:\  -  i  il.  ,1  iln  V  iieutral- 
\,.  Matiii-tiialion 
j.  V  which  these 
II  Its  are  made  to 
■Wfn  tn  one  direction,  thiMe 
•l!Q!(l<~)  «1  111- "urfnce yielding, 
a-  lit,  n  Biiile  cur- 
r,  'Und  the  mag- 
t  -   ■••  •'■•• 


V 


in  the  noxtexiemal  layer,  the  contignoUB 
.tioii  opiiosite  to  their  own.     The  resuU- 
iiio)pcu;ai-  cunvnta  its  ei/iiivalent  to  that  of  a  numVtJ 
rvuiid  till-  uiMgnvt  in  planes  perpeniilculM  to  \« 
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axi»  (fig.  Vfi);  and,  from  what  has  be«n  said  about  the  mutual  action^ 
magneta   mid  ht-liues  traversetl  by  elettrio  currenlB,  it  is  ea.-<y  to  s«!  U 
on  looking  along  th«  axis  of  a  magnut  with  its  toiith  ]xil«  towards 
oljaervor,  tlio  current  moves  in  llu<  direction  of  the  hondd  of  awalvli,  f 
is,  upwards  oo  thu  left  side,  and  downwards  ou  the  right. 


the 


Fig.  T«. 


SLSCTBO-DTHAMIC   INDDCTIOH. 

1.    Magnetization  hi/  the    Current. — Wlu-n   an    electro-earrent    is 
through  a  wire  placed  at  right  ungliM   to  a  bar  of  iron  or  steel, 

aequirea  iii.'ignelic  polarity,  temporary  iu  the  ease  of 
iron,  p<»nuaue»t  in   tlie  case  of  hard   iron   or  ateel, 
p<j.iiitiou  of  tliB  poles  lieing  <leteruiiuod  by  the  direc 
of  the  current,  .-iceording  to  the  laws  alreaily  explttj 
This  elTect  is  prodigiou;>ly  increaseil  by  coiling  the 
ducting  wire  in  a  helix  round  the  bar.     A  piece  of 
iron  worked  into  the  form  of  a  horse-shoe  (lig.  Tli), 
.turniundiMl  by  a  coil  of  wire  covered  with  silk  or  ooti 
lor  the  purpose  of  insulation,  furuishi-s  au  exc<dlcnt 
lustration  of  tho  indui:tive  energy  of  the  current  ih 
respect :  whi'n   the  cuds  of  tlie  wire  are  put  into 
munication  with  a  small  voltaic  battery  of  a  single 
of  plates,  the  iron  instantly  liecoimrs  so  highly  magn 
as  to  be  capable  of  sustaining  a  very  heavy  weight. 

'i.  Induction  of  Electric  Currents  hytJte  action  ojMagni 
and  itf  other  Electric  Currents. — If  the  two  extremities 
thu  ooil  of  the  electro-magnet  aliovo  described  be 
nected  with  a  galvanoscope,  and  the  iron  magnetized 
the  iipj)licatiou  of  a  permanent  steel  liurse-shoe  luagui 
to  the  eiiils  of  the  bar,  a  momentary  current  will  Ixi  devel- 
opi'<J  iu  the  wire,  and  pointed  out  by  the  moveuiiMit 
the  nee<Ue.     It  lasts  but  a  single  instant,  the  needle,  after  a  few  oscillalioi 
returning  to  a  slate  of  rest.    On  removing  thu  magnet,  whereby  the  jhiI 
of  the  iron  is  at  oneo  destroyed,  a  second  current  or  wave  will  bi)Corae  apj 
runt,  hut  in  the  opposite  dirretiou  to  that  of  the  first.     By  employii  _ 
very  powerful  steel  miigiK't,  surrounding  its  iron  keeper  or  armature  wil 
a  very  long  coll  of  wire,  ami    then    making  the   armature   itself  rotatu 
front  of  tho   faces  of   the   magnet,  so   that  its   in<luce<l   polarity  shall  \)S 
rapidly   reversed,   magneto-electric   currents    may   bo    priKlucod,  of  such 
intensity  as  to  give  bright  sparks  aiul  most  jKiwerful  shcx'ks,  and  cxhi' 
all  the  phenomena  of  voltaic  ek>otricity.    Fig.  77  represents  a  very  powerl 
arrangement  of  this  kind. 

When  two  (wveriMl  wirea  are  twisted  together  or  laid  side  by  side  for 
some  distance,  and  a  current  trnnsmltteil  through  the  one,  a  momentary 
electrical  wave  will  In-  indneetl  in  the  other  in  the  reverse  direction  ;  and 
on  breaking  connection  with  the  l)attery,  a  sewmd  single  wave  will  bmx>mo 
evident  by  llie  aid  of  tlii'  galvnnoscope,  in  the  same  direction  as  that  of  tho 
lirimiiry  current.  In  the  same  way,  when  a  current  of  electricity  passes 
through  one  turn  in  a  coil  of  wire,  it  induc<a  two  secondary  currents  iu 
all  the  other  turns  of  the  coil ;  the  first  current,  wliidi  is  imiucol  when 
the  circuit  is  closed,  moves  in  the  op|Misile  direction  to  the  primary  current ; 
the  second,  which  comes  in  existence  when  the  circuit  is  broken,  has  a 
motion  in  the  same  directlim  as  the  primary  current.  T)ie  effect  of  thu 
latter  is  a>lded  to  that  of  the  primary  current.  Hence,  if  a  wire  coil  Ijo 
miule  part  of  the  conducting  wire  of  a  weak  electric  pile,  and  if  the  pri- 
mary current,  by  moans  of  au  appropriate  arrangement,  be  made  and 
brukeu  iu  rapiil  aaccussiou,  we  ciui  increase  in  a  remarkable  manner  the 
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rlitcti  ATtF  pnatuovi  Hi   thi>   immmnt  nf  breaking  the  circuit,  itillipr 
ntrmiptirin,  f  iii'li  us  llii.<  spark Klisrbarges,  or  in  secondary 
:.>£^,  &3  in  thii  action  nn  the  iivrres,  or  in  the  decoiopoeition 

Fl«.77. 


i.T  wires,  the  on<<  abovp  tlip  other,  be  twisted  ronnd  the 

»  'lor,  and  ono  of  these  win* — the  inner  one,  for  iustanee 

— »•  uij.i.-  iiui  iif  a  galvaiiii:  ■irouit,  a  iMirri-nt  of  short  duration  ib  in- 

liaood  in  thr-  milor  wire,  lioth   l>y  m.ij£ing  and  liy  brettkiiiff  e«ntact.     Tlio 

itr^ti'tii  r.f  li.i.  rurrent  can    lx»  vi-r.v  apprei'iably  ineruased   by  flllini;  the 

ilh  a   bundle  of  thin  iron  hmU,  wbereliy  magnetic  and 

■iiiar.1  iua<lii  to  co-operate.     The  more  frequently  contaet 

I    Hiaile  ami    broken,  tlie   greater  is   the   number  of  indiicMl 

it    fnllnw   each  other,  and    the  more  powerful,  within  eertain 

■•,  I-  tin-  uetion.      By  an  ingenious  contrivance,  the  invention  of  Dr. 

In  wliioli  uiiiLict  is   made  and  broken  by  the  current   itself,  the  in- 

: -  •'  "•  l«-oome.s  an  electrical  manhine.     Fig.  7S  exhibits 

'  ly  mixlified.     The  arrangement  eonnists  essen- 

!  ip  n  u',  which  iH  fixed  at  n',  anil  carries  at  6  a 

Jt  plate  of  anft  iron.     The  latter  hangs  over  the  iron  ro<U  of  the  indur- 

il,  which  are  somewhat  raised  in  this  particular  point,  but  without 

■m.     The  end  u  of  the  copper  strip  is  covered  with  a  little  pinto 

i    which  pri««e8  against  a  platinum  point  of  the  screw  c.     The 

lravern<<d   the  inner  coil,  passi.-s   from   the   point  c  to  the 

;'i    rctarii   through  the  copper  strip  n  it'  and  the  wire  ■. 

'' urri'iit   the  iron   rotls   have  become  ninguetio  and 

wln-ndiy  the  end  a  of  the  copper  strip  is  removed 

lit,  and  contact   is  broken.     But  as  sixm  as  the  cnr- 

nm   riKls  lose  their  m.-jgnetism,  the  elastic  copper  strip 

ler  piMili.m,  and  establishes  again  the  current  for  a  short 

'■•j,MilMte  the  position  of  the  spring  and  the  time 

,ly  of  which  may  be  estimated  by  the  pitch  of 

1.      1  lie.  iipparafus,  rai/wJ  an  induction  coU.  'wWcVv 

nr.  fiWr,  in  JS30,  has  been  considerably  improved  v(\V\\ii 
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long  sparlcB,  and  shocks  of  iin^ndurabU^  force.     By  means  of  Kulimkor 
ooil,  Urove  has  ('IfiM'ted  dycoiripositionH  in  water  and  other  bad-<x>nduvtill 
liquid.'!,  wliioh   rt'Si-niljle  tluisii'  "htaiiifd  niiinv  .vara  a^"  ^y  Wollaston 
mi-aii8  of   tlii-  eli'itrieal   umchini'.      Thi'St"   phi'iii.nicna  of  dcoompositioii" 
wliicli  in  waliT,  fur  ioHtancf,  furnish  uxy(;i-n   and   hydrogen  at  the  sania 
jMjle,  must   U)  diatin^uiHlitMl  from   true  elt-ctro-eht-niical  decompoc^itionx; 
thuy  art>,  in  fact,  eD'vcts  uf  heat,  as  Orovu  )ia8  pointed  out. 


THEBMO-KUCrniClTT. 

In  tlip  year  1822  Professor  SeeN-ck  of  Berlin  discovertil  s  new  Bonrce  of 
electricity,  namely,  incijuality  of  temiH-raturo  and  wmduetiiig  jwwer  in 
different  metals  placet!  in  eontact,  or  in  the  same  metal  in  dilfereut  statut 
of  oompriiBsion  and  density. 

Where  two  pieces  of  different  metals,  connected  together  at  each  end, 
have  one  of  their  jiiiiils  mure  ht>nttit  than  the  other,  an  electric  current  is 
iuuuudiately  set  up.     Of  uJl  the  metaU  tried,  bismuth  and  antimony  form 

Fig.  7». 
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tlie  most  powerful  corabination.     A  single  pair  of  l)ars  having  one  of  their 
Juuctious  Jjeated  hi   Iha  manner  shown  iu  Ug.  7!'  can  develop  a  current 
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•Jle  plnctsl  within  ;  ttml,  by  arrang- 
lliMir  alU-rnato  i;uiU,  Ibc  iiitt<iiiiity  j 
r'  .ii.i.  .1    iiuTPiuiil.     Stioh   oil   arraugvcui'iit,  re-l 

^  I  A  lliprun>->iU'ctric  pilf. 

^  ;   tlii*  instrunn/iit,  evpii  with  n  grunt  nuiuU-r  of  ' 

18  exco«dingl/  fwble  when  ooiupilfi-ii  with  thiil  proliirwl  hy 

l>ile  ;  hat  the  thcndomultiplier  plne»l  in  contact  with  a  ilvli- 

•<icop<>  fonns  Bn  instruuipiit  for  niensiirini;  small  I'arintinnB  of 

i  '.  far  8iir{ia.ssinf;  in  delicacy  tht^  nio»t  sensitive  Air-thrmionwter :  1 

a  >'■■>-  rciiiii?rcd  loost  important  B<*rTice  in  the  study  of  radiant  h«at. 


AXlXiiL  ELBCTRICITY. 

Certain  Oshfls,  as  the  torpmin  or  plectrio  ray  oiid  the  electric  eel  {Gym- 
wtmt  ttectrieun),  of  Sonth  AmrricJt,  ari<  furnixhitd  with  a  8|H>i.'ial  organ  or  ' 
MtjMratUJ  for  developing  e|<-ctrio  fonv,  which  is  (•iiipl<>vi'<l  in  defence,  or 
'      tb'-    " —  ■■''   "f  prey.     El-etncity  is  here  m-en  to  Im  closely  innnected  , 
■xn  ;  the  shoelc  ii  giv><n  at  the  will  of  the  animal,  and 
Seal  h  follows  repeated  exertion  of  the  power. 


PART  II. 


CHEMISTRY  OF  ELEMENTARY  BODIES. 

It  is  convenient  for  many  reasons  to  commence  the  study  of  the  ele 
lary  bodies  with  Ihiiae  which  enter  into  the  composition  of  air  and  wat< 


OXTOEN. 

Atomic  weight,  m— Symbol,  O. 

Oxygen  was  discovered  in  the  year  1774,  l)y  Si'het-le,  in  Sweden, 
Priestley,  in  liuglaiid,  independently  of  each  other,  and  dcsorilx-d  und 
the  terms  i-mpifrnil  air  and  df^Mngislicalal  air.  Tlie  name  oxygen* 
piveii  to  it  liy  Lavoisier  some  time  afterAvards.  Oxypen  exists  in  a  free 
and  tineomhined  Ktat4<  in  the  atUKuipliere,  mixed  witli  anotlier  gaseoDS 
Ixxiy,  iiilrngeii.  No  wry  g(Mid  direct  means  exist,  liowever,  for  separating 
it  from  the  latter  ;  and,  accordingly,  it  is  always  obtained  for  pur|H>8es  i 
«x|>erimeut  by  decomposing  oerliiin  of  its  compounds,  which  are 
numenms. 

The  red  oxide  of  merrnry,  or  rerf  prrripiliile  of  tlie  old  writers,  majr] 
employed  for  this  piiri«>se.     In  this  subslancii  the  attraction  whicli  ho 
together  llie  nieritiry  ititd  thc^  oxygen  is  so  feeljle,  that  simple  expoaural 
heat  siiflices  ti»  hrin^;  aitiiut  rleeomj-Misition. 

The  red  prirripitate  is  plmed  in  a  short  tube  of  hard  glass,  to  which.] 
fitted  a  perforati-d  cork,  )urni.the<l  with  a  pU're  of  narrow  ):lasg  tnlie, 
as  in  fig.  81.  The  heat  of  a  sjiirit  lamp  being  a]>pliiil  to  the  snbstail 
decomposition  speedily  <(iuinieneea,  and  glulmb'S  of  metnllie  mercury  ( 
lect  in  the  cool  part  of  the  wide  tube,  nbiih  answern  the  purpose  of  a| 
tort,  while  gas  issues  in  considerable  quantity  from  the  apparatus, 
gna  is  eidleeted  and  examined  by  the  aid  of  the  pneumatic  trough,  wl 
consists  of  a  vejisel  of  water  provided  with  a  shelf,  upon  whirh  stAiid 
jars  or  bottles  destined  to  r«vive  the  gas,  flUwl  with  water  and  inverted. 
By  keeping  the  level  of  the  li<iuid  atxivi-  the  month  of  the  jar,  the  water  is 
retained  in  the  latter  by  the  pressnrtvof  (he  atmosphere,  and  entrance  of 
»ir  is  prevented.  When  the  jar  is  brnughl  over  the  extremity  of  the  pa»- 
delivery  tulie,  the  bubbles  of  gas,  rising  through  the  water,  collect  in  the 
tipper  part  of  the  jar,  and  disptmr  the  !i(|uid.  .As  swm  as  one  jar  is  filled, 
it  may  lie  remove<l,  still  keejiing  its  month  below  the  water-level,  and 
another  snbsHtnted.     The  whole  arrangement  is  shown  in  fig.  hi. 

The  experiment  here  deserilieil  is  more  instructive  as  an  in.slance  of  the 
resolution  by  simple  means  of  a  compound  Ixxly  into  its  constituents,  than 
valnable  ns  a  source  of  oxygen  gas.  A  l)etter  and  more  economical  method 
is  to  expose  to  heat  in  a  retort,  or  flask  furnished  willi  a  bent  tnb<?,  a  por- 
tion of  the  salt  called  potassium  chlorate.  A  oonmion  Florence  flask  servM 
perfe<-tly  well,  the  beat  of  the  spirit-lamp  h«'ing  suiricleiit.  The  salt  melta 
and  dei-omposi's  with  ebullition,  yielding  a  very  large  quantity  of  oxygen 
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*  From  ifti,  *eld,  and  >«r  a  root  ■IfDtrylng  production. 
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nliii-Ti  mttr  It*-  o^lTr-rtfd  in  tin*  war  sboTc  i]e<rr1hiii.     Tlw  lir^t  tMtriion 

i*"-     Til*-  wliilt'  -  llitf 

n,  which  \*  vrr.  loo, 

|«tj>^a  a<iupU>tl  Vilivu  \<!ty  |>art.'  ^aa  is  rvqaired  for  iui<UjrUuU  piutiuaw. 

Fig.  «. 


A   lliirl   mellKxI,  very  gooii  wlipn  perfect  ptirity  is  not  diMnnn<lf<l.  is  to 
b'  "■««,  in  *n  iron  ri-tort  or  gun-barrp|,  tlio  liliuik  nmn;;am-<i!  oxi<|p 

r.;  •  ,  wblch  under  tliesi-  ciniiniistaiii'i-s  suITits  dvcompusition,  aI- 

tl.  Ill  llm  I'xti'nl  uinnifi^Ht  In  the  rwl  iir«i'l|)itato. 

iif  llio  lilai'k  iiisiiL'.iiii'Bi^  oxidf  Ix"  find.?  jiovdorH  and  mixed 
*  '  '       •  '    '    .  inixtiirp  lii-alfi  in  a  fla^k  or  rutort  by  a 

l.i  I  Willi   llic  iiinicisl   fatility,  and  at  a  far 

'  ,..•  ililiirato  alonu  iii  nsod.     All  tln' >>xyy4'n 

'  ,  Uio  rnanRani'iio  rcniaininK  qnito  nnnltorcd.     Tin' 

II  driiil  in  a  i'n|wule  iK'fon;  their  infrodui'tlon  into 

k.     TluF  cxi'iTiiiii'nt  airordii  an  iniitano.' of  an  elTpct  by  no  nn-ans 

.  wl>li-h   n  IkmIv  si«m«  tn  ni-l  liy  its  nii>re  jirosi-npe,  witbuul  taking 

III  about. 
i\  on  a  larsp  scale  will  be  found  <ic- 
I  III.'  u.;i.i-  I'l  >fii]uiiiiii-  .Tiid  and  barinm  dioxide, 
in-tlnid  W  chosen — rind   the  -tnine  remark  npfilieR  to  the  nnl- 
..iii.-r  f-afA  by  niniilar  mean." — the  lirwt  portions  of  gas  nuist 
>-  '  ap<>.  or  lie  receivivl  apart,  as  they  are  contaminated  by 

('  lir  of  the  npparnliig. 

iinl  inanacenienl  of  cases  i«  a  point  of  (»n'nt  importanee  to  tb« 

•  .d.'nt.  and  ono  with  wbleh  he  must   endeavor  to  fnmilinrtXA 

bistMlf.     Tlie  water-lroHch  Jni<t  deieribed  l»  one  of  the  most  indisp<'n»sW<« 

«rflel<*  nf  the  Ulmratory.  an>l  by  its  aid  nil  experiments  on  (tases  are  car- 

.  Ibi'itixi'tve.f  ari'  not  «pnsibly  acted  npon  by  w.iter. 

^Irni'ti'd  of  i.ipanned  coiiper.  the  form  ami  diinen- 

liy  (he  ni- ■'•■i ■■  ..f  the  jars.      It  should   have  a 

r  i    (is  to  lie  111   an   ineh  Ih'Iow  the  level  of 

l<  xbeir  a  iri'  I   In- made  nluuil  half  an  ineli 

!■  i  il  'he  same  in  iffplb.  In  .■kIiiiH  (he  evireniitv  iif  llie  diA'vverviv 


/■/le  /*r,  irh/cb  *l»nih  nm-iirely  upon   the  slielf.     WUeW  IV 
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Fig.  83. 


Fig  82.  pni*uniatk-  trough  is  ri'qiiiri<d  i 

tiili-rulily    Inrge    (liii)i'ii»K>iis, 
uuty  witli  gri-iit  ailvaiitii^r  Uaj 
the  furui  anil  diiipobitiiiuii  ru]i 
iM'Ult'<l   in   fig.  fei!.     Tin-  (•lid 
tlio    gr<Mi%'e    siHikt-n    of,    whb 
crtnisuii  the  Kht-lf  ur  ithalloir 
tion,  i»  shuwii  at  <i. 

Oauva  arc  triinsfrrrfd  from  ^ 
to  jnr  with  the  iitiuDst  focili^ 
\>y  first  tilling  the  vessel,  in 
wliii'li  the  gax  is  to  be  pa 
with  water,  inverting  it, 
fully  retaining  itit  mouth  Iwla 
the  water  level,  ami  then  lirill 
itig  lionenth  it  the  nperture  of  tho  jar  oont;iining  the  gas.  On  gently  i^ 
dining  the  lutter,  the  gn^  passes  l>y  a  kiml  of  inverti<<l  deeunljiliiin  into  tb 
seeond  vessel.  When  the  Inller  is  nArrow,( 
futinel  may  W  plaeeil  lt»os*dy  m  il*  neek, 
whieh  loss  of  gas  will  In-  pr«ventfd. 

A  jar  wholly  or  partially  filled  with  gaa  ( 
the  pneumalii!  trough  may  lx<  removed 
placing  iM-nealli  it  a  shallow  basin,  or  eveq] 
common  plate,  so  as  cjirry  away  enough  wat 
toeover  the  eilge  of  the  jar  ;  and  many  ga»o 
esjKMMally  oxygen,  may   lie  so  preserved 
many  limirs  without  material  injury. 

tins-jars  ari^  often  lapiH-ii  at  the  top,  i 
fittifl  with  a  slopc-oi'k  for  transferring  gaa  { 
bhidders  or  eaouUhouc  l>ags.     When  such i 
vessel  in  to  hv  fliliot  with  water,  it  may  \m 
slowly  sunk  in  an  upright  j"isilion   in   thu 
Well  of  thu   pneumatie  trough,  the  stopix 
bfing  open  to  allow  the  air  to  escajM-,  iinl 
the  water  reavhes  the  bra^s  i'»p.     The 
la  then  to  be  tnmed,  and  the  jar  lift<il  ujion  the  shelf,  and  filled  with  ga 
in  Uie  usual  way.     If  tho  trough  bi;  not  deop  enough  for  this  methml  ( 

pro<ve<ling,  the  mouth  may  l>e  applied 
the  stopcHHik,  and  the  vessel  filUni  by  sucj 
ing  out  the  air  until  the  water  rises  t4i  il 
cap.  In  all  eases  it  is  j)rojier  Lo  avoid  I 
much  .'IS  possible  wetting  thu  stopuocll 
ami  other  brass  Hppt;.ratus. 

Mr.  I'epya  contrived  nuiny  years  ago  an 
adniiruble  pieee  of  apparatus  for  storing 
and  retaining  large  quKntities  of  gas.  It_ 
oonsistii  of  11  drum  or  n-servoir  of  <iha 
«X)pper,  surmounte<J  by  a  shallow  Imnsli 
or  tistern,  llie  cximmunieation  l>elwi>en  til 
two  Iving  maile  by  a  couple  of  tut>es  fuf 
nished  with  stopeocks,  one  of  which  pa 
nearly  lo  the  bottom  of  the  drum,  as  sho* 
in  fig.  84.  A  «ihort  wide  open  tube  la  ig 
serted  obli(iuely  near  the  bottom  of  til 
vessel,  info  which  a  plug  may  Ik-  tighl^ 
screwed.  A  stoiKwk  near  the  top  servt 
to  transfer  gas  lo  a  bladder  or  tni>e  app 
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A  jrlit*^  Tnlcr-nTT,-!-  nfflx"i1  to  tfif  <i!flr  nf  ibo  driitn,  anil  commnnJ- 

•Tol  of  ilio  lii|niil  wltlilit. 

•'Wi-il  iiilollu-  lowt-r  iijHiit- 

•  '1  Willi  uji.'f.     All  llirMH  »l<>|iro<^kH  are 

ihhvihI,     Till'  jiri'Sjiiiri'  •>(  tliv  iiliiuMjihiTa 

■Ider,    and,  il'  ii<>  ftir-li'nkttj;i'  oi.viir*,  tlii? 

Ttie  i-xtriMiiity  of  tlu<  di-liviTy-tulx'  is 

!lu'0|)i'n  spiTtuni  iiilo  tln' dnitii,  so  tlint 

iif  KOK  innr  n9i<  without  liiiidniiitH  t<>  the  ujip<-r  pnrt,  diaplfu;- 

r,  winch  Uours  out  in  thp  natni'  pruportion  into  a  vicmi'I  pUrol 

liiin.     Wlii'n   the  drum  ih  tilled,  or  >'iii>iigh  gna  hiu  ho«n  oul- 

iilo'  is  wlUidr.'urn  and  tlin  pliii;  si'rpwi-tl  Into  its  plnoi, 

.'1  of  thi>   giis  is  to  l><*  Irnnsfcrn.Ml  to  n  Jar,  th«  latter  Is  to 
it.T   at   tile   pni'Umntio  trongh,  oarriwl  hy  Om  hi-lp  of  s 

I istiTO  of  llir  j;ri.>i-lioldi'r,  nnil 

!   r    lulw!.     On    ojM-ning   thi?  Fig.  86. 

ring    tabo.    the    liydroslnlio 

i>I  Uin  cuhiiun  nf  wat<-r   will  caiiiie  cum- 

••f  !h"  );*».  mid  iiiL'ri<n)i«  its  Hliwlic  fori*-,  ^ 

'  I  •   lliK  pock    lii-ni'iith  the 

I  ittcr  in  a  rapid  *troiim 

i  ill'  jitr,  »ii>-M  UIIimI,  may  Aguin  h»v-0 

,'}i('il  iM.oiuath  il,  anil  be  removed  with- 


4 


f  Oi^rjtn. — '-Ijtygon,  when  fref-or  un- 

'  known  niily  in  the  ga«CH>U!j  Htate,  nil 

ftSWiu|>t<  to  rL<daco  it  to  tho  liijuid  or  Holid  condi- 

Uoii  hroild  AHil  pn'ssTirehaviMp  rompli'tclyfailoil.* 

W  il  Is  »ilorli'«!t,  t.isteli.',i9,  and  inodorous. 

-.   hulk   for   hulk,  a  littli*  heavier  than  atmospherio  air,   its 
t:  '  ■■  '    ■•■  •  1.10r»tJ3,  ri'fiTriil  to  that  of  air  as  unity,  and  llS  re- 

f'  .'I'u  as   unity.     A  litre  of  oxygi-n  at  the  standnrd 

I  ire,  that   is   to   Hay,  at  0°  C,  and   7ij0  niilliintrtrt>s 

re.  weigh?  1.43028  gram.      At    l.'i.SO  (60O1'.),  and  under 
inches,  UK)  cubic  inidiea  of  the  gas  weigh  34.29  grains. 
I  Ik'  Kiistaining  principle  of  animal  life,  and  of  nil  the  ortli- 
Ji .  ii.'H.t  of  minliuslion.     Bodies  whieh  burn  in  the  air.  burn  with 

I.'-  '        '    11  lor  in  oxygen   gas.     If  a  taper  Iw  blown  out,  and 

t  Hie  wick  ri'uiaiiis  red  hot,  it  is  instantly  rekinilled: 

L  .  ...  iloh  is  relighted  in   the  same  manner.     This  elTeet  ia 

li  -lie  nf  oxygen,  there  In'ing  but  one  other  gas  which  pos- 

•■  ji-nperty  ;  ami  this  is  easily  distinguished  by  other  means. 

T  1  'nl  with  the  match  is  also  constantly  U8e<l  as  a  rude  test  of 

tl.  1  the  gas  when  It  is  about  to  Iw  collected  from  the  retort,  or 

•  Lv:i  il  hriH  <t"<"l  for  some  time  in  contact  with  water  exposed  to  air. 

\riirn  a  bit  nf  charcoal   is  aiBxed  tn  a  wire,  and  plnngiil  with  a  single 

p      ■        '  *    t  into  a  Jar  of  oxygi-n,  il  burns  with  great  brilliancy,  throwing 

c  '  I    xciiitillalions,  until,  if  the  oxygetl   lio  in  excesis,  it  is   coin- 

,.,,..,1        A,,    iron  wire,  or,   still   better,  a  steel   wateh-spring, 

icitli  a  bit  of  lighti'd  amadou,  and  IntrrKlneeil  into 

-,  exblbits  a  most  iM-antifiil  phonomenon  of  eoinbus- 

I  rnriMnl  br  made  in  n  jar  Rtiinding  mi  a  pint",  the  fimml 

I'  imn  oxide  llx  themselves  in  (he  glaiee  of  the  latter,  alter 

t  iiiiu.if  water  half  an  iiieh   In  depth.     Kindled  sul- 

1  I   tivHiity  iu  axyxen  :  and  pliospbi/ru»,  under  similar 

•  It  ti«a  h<v«  lati'lr *pamia--iut  ihtl  M.  Ritoul  PIftft,  of  Ociieva,  has  sviccec&oi 
lamlticiat  nKte"'  '<»  Itif  Jiguid lUte  hy  eolU  auti  luteune  preaturc. iC  U. 
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cirruiust-anoes,  exhibits  a  B]>li<u(]or  wliic)i  tlir  o.Vd  is  ecnrcul/  able  ta  tq 
]Hirt.     In  eaoli  ciwe  the  biiriiiug   body  rntora  into  oonibination  wItU 
oxygvn,  furniing  a  ixnupouiui  c^illeil  an   uxiile. 

WIkmi  n  Ixxly  burns  in  uxyijvn  tsas  the  Huniu  ultiinntn  elTcct  i»  prodtuj 
M  in  aliuKspiiiTic:  <iir :  tlio  nctiun  is,  hnwcvi'r,  rnuiv  i-ni-r^'L-tic,  from 
aliiii-n<.'(-  uT  lliv  ^lUi  wliiili,  in  tin'  air,  ililuli's  Ihu  nxy^'cn  umt  cureol) 
chcniii'Al  jxiWfiK.  TliB  pnK'ii^s  of  rt'Siiiralinn  in  unliu.nls  ih  nn  t'ffei 
gaini*  nnturt-  n.'<  I'oninion  conibu^linn.  Tbr  bluwl  ounlniuK  Hubetancca^ 
hIowIv  burn  l>y  tb>-  aid  u(  tlie  uxygvn  tbiui  introduced  into  the  tysla 
WliiMi  this  uctiuu  cviuie!>,  life  bucuiutiii  extinct. 

Osone. — It  hns  long  been  known  that  dry  ox/gcn,  or  atmospk«ric 
tvbim  v\]><ised  tti  tlie<  nutiun  of  a  siiriuij  uf  electric  s|>arl(»,  uiuitii  a  (m-cu 
and  sonu'wliat  metallic  odor.     The  same  odi>r  may  Iw  lniparte<l  to  niu 
oxyRiMi  by  allow iiijj;  iibosphorus  to  remain  for  xonie  time  in  it,  nmi  by  «i-Te 
other   |iriK-ei?Hes.     A  niuru  accurate  examination  u(  (liix  o<luriiu:<  air 
shnnn   that,  in   adililiun  lu  tlie  euiell,  it  [xitutesHes  eeveral  |iropert 
exiiibitol  by  oxy>!en  in  its  ordinary  »tate.     One  of  its  most  chariu 
eirrclM   is  the  lilieratiou  of  iotline   from  potaa«inm  iudide.     This 
princiide  has  been  the  subjwt  of  many  reitearches,  in  particular  bjrSehj 
l)ein,  of  Kasle,  who  propo«c<l  for  it  the  name  of  ozone.* 

An  easy  methtid  of  exhibiting  the  production  of  ozone  ix  to  transmll 
current  of  oxygen  throufjli  a  tnlx<  inlo  which  a  pair  of  |ilatinum  wircsj 
Kcnb-d,  with  the  jKiints  ul  a  little  diytanee  apart  ;  on  njnnecling  <iH«j 
wires  with   the  ]iriini<  mod uctor  of  on  eleclricnl   mtubiue  in  pkkI 
ami  the  other  with  the  ground,  the  characteristic  odur  nf  ozone  is  M 
alely  developeil   in  the  issuing  gaa;    but,  uotwith.sluuiliii);  the 
o.liir  thus  produced,  only  a  small   portion  of  the  oxygen  undergo 
change.     Andrews  and  Tait  have  slniwn  that,  to  obtain  the  uiuxiroiunl 
oxone,  it  is  necessary  to  transmit  the  discharge  silently,  Ih'Iwi-.  ti  very 
points;  if  sparks  are  allowed  to  pass,  a  considerable  portion  •' 
!a  reconverted  inlo  ordinary  oxygen  aa  fast  as  it  is  forme<l.     > 
pares  ozouu    by  induction:  he  forms  a  sort  of  l.i<yden  jar,  by  (uumoi; 
interli/r  of  a  long  tulnj  with    tinfoil,  an>l   passes  over  this  tube  a  rei.'od 
wider   tulle,  coated  with   tinfoil  on   its  outer  surface.      Ihitween 
tubus  u  current  of  pure  dry  oxygen  is  paasM,  which  lieconies  eli-otrtfl 
induction,  on  o^nnecting  the  inner  ami  onter  coating  with  thu 
wires  of  an  induction-coil ,   by  this  means  it  is  said  that  from  10  to  IS  ] 
cent,  of  the  oxygen  may  Im  i«inv«rt<«l  into  oitone, 

Oione  may  also  Ikj  obtaineil  in  several  ways,  without  lbf>  »ii 
city;  thug  it  is  forme<l  in  small  ijnantity  when  a  stick  of  |il< 
HUHjiendixt  in  a  Ixtlle  tilled  with  moist  air  ;  in  the  '  !     '-  '    ' 
t ion  of  water;  and    by  llm  action  of  strong  sulphn 
ju-rmanirnnnte.     TbiTo  has  In-en  considerable  dlscn 
anil  i9iiu|H>!<ition  of  ozone  ;   but  the  most  trnstwortli' 
show  that,  in  whatever  way  pnslueed,  it  is  inerely  ani< 

Ozone  is  insoluble  in  water  and  in  HoUA>ns  of  a<'iilH  or  nlkuUvx, 
la  «l>«"rl""l  by  a  solution  of  (lotnssinm  i'Niido,      Air  rbarsrod  with  It  vx 

an  i:  ! 'lion  on  the  lungh.     Ozone  is  d<'< 

at  I  I'.),  iUHtjinlly  at  aiiK3  (rir,40  K.). 

oxi'i  '■   •■  ■  '  ' '■■ 

n>l 

Iron 

It  i  '  |iiion  of  ozonii  by  ll< 


Hut 


>n  of  vohuno.     The  < 


*  from  ((••>•  to  emit  oa  oAor. 
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■ppomnt  to  Im  UiaI  iisrcon,  wIihii  uxouitwl,  diniiDiitius  in  volumi>  (in  iIh.i 


V 
U. 


I  llint  Hlfn  th>'  oxiirii-  !••  ili'ioin- 

Miiii  of  tt  4«iit^rv  iiit'i  f-.i>ini>ina- 

I  ua  onliiiitrv  uxytifu,  uu-upivs 


:  r>>spDC«  of  oioni*  in  unr  giLs  i.s  aironlif^l  by 

*  HM<1  Willi  II  mixturi-  of  titttrt'li  iiml  solutimi  nf  (mt.-u- 
ti'  ^'"i!  siii'li  |iii|><'r  t'l  iIk-  lu^tiiiu  of  o/hiik,  ilie  potaamum 
k>  ining  willi  oxyiKfn,  nliiln  Iku 
to  'puutiil  with  till' Kliirrli.    Now, 

•  «4<  u  /  UP  <>|>i'n  nir  for  livi'iir  li'n  ■iiiniitcs, 
It  aifUlK  y  "I  whiiti  vnrii.*«ii  tlilViTirit  dnys. 
B«ii*'  'lit  ill  till'  air  in  variiibli-  quantity. 
B.  -mm  ioiliilH  by  iiiniiy  olluT  nguDt*, 
«i-|  .  wliifli  iirvvt-ry  liki'ly  lij  lie  prwoiit 
lt>  uiiuuui  ijiiiuiliii>:.6  :  Li.iii'i<,  tUv  existenou  uf  ozone  In  the  air 
Ci                      anj  by  tliia  r«<aoti»n  nloiit*. 

r,  BhoBu  that  a  sulutiimof  iiotaxsiuni  iodicli-cxpOBeil 
t  ■■iintry  bciimu's  alk.ilin«  ;  .lu  oll'oct  nliicli  caiiiiiil  Imi 

Jii  iJ.     Morcovir,  Aiidriws   fiihls  that  llie  I'liitillturnt 

p(  '•«  ioilinf  frtini  iiotas^iiiiin  iodiil''  is  ib'stp  yi'il  by  tho 

»i  II.',  %-iz.,  by  a  tcinpfr.iluro  of  '2:37°  (4.'it>o  V.),  or  by 

cvnuct  with  luaugHiii^e  dioxi<ii<  and  other  peroxides.  The  i)resence  of 
oitin«  io  tliK  air  can  therefore  no  hmgcr  be  doubted. 

Oxides —Oeneral  Laws  of  Chemlced  Combination. — Cbemi- 
oal  Nomenclatare  and  Notation. — The  conipoumLs  torim-d  hy  tliu 
niiioii  ol  iixvKi'M  with  otlor  ImhIhs  \n'i\r  till-  gi'neral  uaiiie  of  oxides  ;  tUey 

jir  - '     ■    ;    ■■■i!i!.     Tliey  ore  eoiiveniently  divided  into 

tl  Tile   lirsl   division   noiitaius  all   tliosv 

<!>  ii.'inienl  nlatioiiM  the  oxiiles  of  potmtsiiini, 

r.  .  these  are  deuoininatpil  allciliue  or  basic  ox- 

(ii  ;lie  second  group  have  jiro|wrtien  opjKisiil   to  lliose 

of  th>'  l»«li.ii  nieiitiuiie<l ;  the  oxideH  of  Hulpliur  and  plioBphorns  may  be 
taV>-n  »•  typical  repriwentativen  of  the  elaHB  ;  they  are  called  a  c  i  d  o  x  i  d  es, 
kn  J>|p  of  uniting  with  the  baKie  oxiden,  and  foriiiiiij;  loniitouiuU 

I  Thiui,  when  the  oxide  of  sulphur,  called  Biilpiiiirii- oxide, 

i.  "   ,  state  of  v.Tpor  o%'er    heatetl    liuriniii  oxide,  eonibinaliou 

I  Iml  with  vivid   incandescence,  and  a  salt  callwl    barium 

,.  ,1    containinRall  the  elemeuta  of  the  two  original  bixlies, 

1,  iir,  and  oxygen. 

imeiliftt"- group  of  oxides  called  nenlral  oxidea, 
fi.,1..  iheir  oliK'it  .li^i-'Hition  to  enlor  into  coniliinalion.  The  black  oxiile 
nf  iiin<i);iine«..v  aliia.lv  tnenlione<l,  is  Rii  excellent  exanipic.  It  must  not 
J..  Ihiit  the  three  (irnii|w  of  oxides  just  ineiitioni-d  are 

,  li..r  liv  (lecidi.d   lini-s  of  demaicntion  ;    on  the  eon- 

(.  n.iS.'r  1>V  iiiip.'rceptibli-  di.'ijreea,  and  the  same 

,,.  vhil.it  either  acid  or  boBio  reltttionB,  according 

t..  «  hich  it  is  placi^d. 

)i  particular  group,  namely,  the  hydrogen  salts, 
,.  t«  of  an   aeiil   oxide  an<l  water  (hydrogen  oxid»), 

V,  iiished  as  acids,  Iwcause  many  of  them  JKW- 

.  ■■  properties  towhieh  the  term  acid  is  generally 

acti.iii,  solubility  in  water,  and  tho 


I  abb-  eoliTH,     A  cliaracli'riiilic  Jiro- 


.„, ;,,,_ .,    ., -,  Is  their  jiower  of  cxclianginy;  *'"'** 

Lvdr<«rn  for  ,>  iwtjil pnaenttiti  t"  tlwiii  Ji»  IliD  (toe  »l»te,  or  iu  lb«  Uirmr» 
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oxiilv.  TbnB,  sulptiario  acid,  which  contains  Hulphar,  oxjrij^>n.  atid  lirdq 
gan,  ntivdlly  diKiolves  metallic  liiio,  the  mutal  taking  tii«  place  of  ll 
livilrogcu,  which  i»  (n'<il\-i<cl  u»  fini,  Ami  f>irniing  a  haU  <H3iilaimn)(  >ulphll 
oxyg,i:n,  and  xinv  ;  in  fact,  a  zinr  tul/ihntf,  pr<>diio(«l  from  a  /ii/i/rti>;iti  «ii//>Ad 
hy  6ul>8lilutii>n  uf  ninr  fi>r  hvdni'^'i'n.  Thi<  sann-  Miliftituliun  and  turia 
tton  of  linu  isulphatc  taki<  place  when  line  uxide  is  lnowght  Into  cuntii 
with  Hnlpliuric  iicid  ;  but  in  this  co^v  thu  hvdr<>g>Mi,  iiisleiul  <if  twil 
evolviMl  ns  gus,  ri>niain»  uumbinud  with  the  oxygen  derivml  frum  the  sfl 
oxide,  loruiing  water.  I 

A  HxriirM  of  oiiides  euntaining  quantities  of  oxygen  in  the  proportion  -J 
the  nuialmn)  1,  2,  3,  united  with  a  constant  quuntily  of  anotkxr  elemttfl 
ore  dlslingaiiihtv.1  as  mmwxiilr,  ilinridr,  and  Irinriilr  resiH'ctively,  the  (insi 
niinuTiiU  indicating  the  oeveral  degreee  of  oxidation,  A  cnin|>ound,  ■ 
t<*ruiediate  between  a  monoxide  and  a  dioxide  id  called  a  ttf/uiojitlc,  t.  y.  m 

Chromium.    Oxygnoi 

Chromiam  raonoxide 5i,5    -f-     1*     1 

C'hmniiiim  sesquioxide  ......     a-.R     -f*     '^     I 

Chrnniiiim  dioxide  ......     52. 5     4"     ^^      I 

Clironiiuin  trioxide 52.S     -f-     48     I 

When  a  metal  forms  two  basic  or  MliBable  ozldca,  thuy  are  dLstinifuiitJ 
by  adj(.>ctiral  teruiB,  ending  iu  oiu  for  the  lower,  and  I'c  for  the  higher  ffl 
gree  of  oxiilation,  e.g.  ;— 

IroB.     OxTgeo^ 
Iron  moijoxide,  or  Ferrous  oxido       .         .  .     OU    4-     lU     I 

Iron  suequioxide,  or  Ferriu  oxide      .        ^        .        .     &G    4-     ^     | 

The  salt  resulting  from  the  action  of  aolds  on  these  oxidei  are  also  diaUj 
guislied  as  ferrous  and  ferric  salts  respectively.  >  | 

.Acid  oxides  of  the  snnin  element,  sulphur  for  example,  are  aliM.)  distO 
guishi-d  by  the  terminations  pim  and  ic,  applied  ns  al>ove  ;  Iheir  acids,  ■ 
hydrogaii  salts,  receive  eorri-sponditig  names  :  and  the  salts  fi>rni<ii  fmi 
these  a<'iiU  are  distinguishrvl  hy  naniiw  ending  iu  if  and  ulr  respeolivoll 
Thus,  for  the  oxides  and  salts  of  sulphur  :—  1 

Suljihur.    Oxygen.  I 

Sulphurous  oxide      .         .         ,         .         ,     312     -f*     ^"^  * 

UydrgMMUj 
Uydrogcn  sulphite,  or  Sulphurous  acid     .     32    -\-    4i  '     1 

IieaU.      I 
Le«l  sulphite SZ    4-    48    +     -it>7     I 

Snlphurio  oxide 32    4-    4S 

Hydroceu,; 
Hydrogen  sulphate,  or  Sulphuric  acid      .    32    4>     64    4-        2     1 

Lesd.     I 
Lead  sulphate 32    4-     C4    4-     207      I 

The  ai'ids  als>ve  spoken  of  are  oxygen  acUU  ;  and  formerly  It  wax  snp|>atiJ 
(hat  ail  arids  (^<iiiliiini.>i|  oxygen — lliul  element  Iw'ing,  indeed,  reganltil  ■ 
the  acidifviuK  principle,   hence  its  name  (}i.  12(1).     .\t  present,  huwcvca 

We  .1.  '  t-idii».  whj.  1,  "  •'.       ■        .  '     1^ 

sp"  I.  ami  yv\  x 

nni|,i.  .        '"''    .''II...  .;  ^^Ui 

—which  ta  a  l>  ''^^1 

is  intensely  SI".'  .<  ^^| 

wlilnh  drives  out  tbv  liyitro);eii  ami  '  ice  incunii  '^^^1 

ohiorine,  fiirming  xinc  chloride;   ai>  .  <  imat   mn  '"^^l 

eitJiiigiDg  Its  hydrogen  for  tliv  mautl,  uud  furuilug  a  niutallii:  ■.Ulucid*  MM 
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Br<.ttiiti«>.  )ii.liiji'.  ami  fluorioe,  also  fonn,  with  Uydri.igen,  add  compoonda 
»;  i>i«ft  tn  hydrochloric  acid. 

iiir,  Itrouiine,  tiKliii.;,  Duorino,  nilphur,   Brit-niiuu, 

"U:.,  v»ilh  h^dioi^vii  and  iu>>tabi,  aro  griiiipwl,  likv  the  oxygen- 

liy  iimiK-s  rniliiijr  in  U/r:  thus  we  «|H;Ak  of  liuo  chloridf,  riil- 

'     ■   .  rojiiM-r  |ih<»>|iliid>',  •■U'.     Tli>"  iiiini'-riral 

i '  '  Dim  (•Tiiilimiioiii  i»i.i  aod  ic,  arv  applied 

U  ......       ■...,-..,.,..,,  ,,,  1,.,    ;„.,,.    iiiauuer  as  to  tha  oxidif,  tliuu — 

Hydrngea.        BromlOf. 
n.v  ■  1  4-        SO 

PotAHiaiB.      Sulphur, 
Poijii-.;  Iphidp      ....       78.2      +       M 

IVtaMn  hi.:  ....       7B.2      4-       l<4 

PMauiii .-...|.iii<li-  ....       78.-2      ^      'Mi 

PoUuwiiiiii  l.<lriu.iilphid.'      ....       7S.2      -f-     128 
PoUiisium  (N-tiliti>ulplii>k'     ....       78.2      -j-     lUO 

Iron.  Cbtorloe. 

PrlTotla  ohloride .'id  4-71 

Ferric  oliloride 50         -j-    lOU.S 

Tin.  Sulphur. 

8Unnou9  sulphide! 118  4-       04 

SUtuiic  sulphide 11&  4-128 

Tit*  Latin  prullx««  luii,  bi,  ter,  quadra,  «to.,  am  often  used  iltBtvad  of  tbo 

ijnouilr.  -  'i-    '-  -  -  '■ -.  3;  tlu-rc  Is  no  rory  i-xaot  rule  rcspectinj;  their 
bat,  i:'  .',  it  is  l>pst  to  viiiphiy  a  Ur«vk  or  Latin  pr>-fix, 

iliii.-  :i-  .  .u  wrhich  it  iis  plncc-d  is  of  Ure«k  or  Latin  origin.    ^ 

T  iiiU  with  /'/sulphide';  on  the  whole,  howeror,  th«   I 

t«-  -I  geni'.rnlly  employed.  1 

Ti«'  nuutiMeiitioii  of  thi«e  oxidi-K  and  sulphides  alTords  an  illustration  of 
a  law  whi<-h  holds  go<a|  in  n  large  numlx-r  of  instuni'i-;!  of  ohciuieul  com- 
Ih-  '/..,  that  wliPH  lull  hixiifjt,  A  anti  It,  orr  raimhle  tyj  umtiinj  in  geyrrol 

J.  <hr  Kvtml  t/iutHtitn:t  itf  U  tthirh  citinfiinr  with  a  ijirvn  or  coHHtaitt 

tfu,.--:'  -.■--.i   '      -.  -    :.,t„tl,rr   in  rrrtf  itimplr  ration.      TIlUM,  the  several     i 

qij.iiit  .    unite  with  n  given  quantity  (78.2  parts)  of     I 

ji,,'..--  I  aj*  the  numbers  J 

I  -,  ".,  4,  5;  I 

axid   the  quantitit^  of  oxygen  whiuh  unite  with  a  given  quantity  of  ohro-   ^ 
mluin  axe  as  the  uuiuliem 

1.  IJ.  2,  3.  i 

or  2,  3,  4,  6.  1 

It   mutrt   Iw  rsjwclally  ohscrvefl   Hint  no  eompounds   are  known  inter- 

»i>,.,ltni,.    in    i'.iiu|Ki«itiun   Ixitween    those  which    are   represented    hy    these 

Ik  no  oxide  of  ehroniium  eontaiuing  1|  or  1^  or  2^  times 

s  thr  Vnvest ;  no  sulphide  of  ]iotassiuni  the  quantity  of 

fvA  by  ony  fractional  multiple  of  the  lowest.    . 
U'Uient  which  can  unite  with  a  constant  quan- 
l  .i*f,  not  winlinuously,  hut  hy  suocessivo  and  well- 

<i  ■nts,  st.'uiding  to  one  another,  for  the  most  part,  in   J 

ii.-"Law  of   Mnltipleh."     The  olwerviilion  of  it  hod    I 
li..  ..  ....    i.;il  Ihi'  elementary  bodies  ore  comixwed  of  ultimate  or  \ii-   1 

lUrltlbdr  particle*  ur  aloiu*,  eatrb  liariag  a  constant  weight  pocuWuT  Vol 
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fUi>lf  (tin:  atomic  weights  jnvi'ii  in  tin-  taliln  titi  pngi.'  27),  iiini  that 
Iiatinii  bi'twc'oti  two  I'li-iiifiili  t.ikos  lil.nr  liy  tin-  jiiXlfl|H>sitiriii 
aloiiiK.  A  ivilUttiou  of  rlcuiontiiry  atuiim  iiiiit<fl  togi-tluT  lo  form  i 
poiiiiil  t'oiiiititutfii  a  tiKilcL'U  Ic,  till'  wriglit  iif  wliluli  is  e(|iiul  l»  tli<> 
of  tlm  woiglitB  of  its  timiivoncnt  uluins.  Tlius  »ii  ittimi  nf  ••h|i>riiii'  yirig 
35.5  unit4.-s  with  an  atmii  of  li^ilnigoii  wnigliiii^  1,  t«  fonii  a  niolpculf 
b,vilmi;i*ii  chloriili*  wtiigliiiig  3lj.5.  .\ii  ntom  of  ux/goii  weighing  IG  anib 
with  2  atoms  of  hvdrogi-ii,  i-ach  weighing  1,  to  furiu  a  inolttuile  uf  wat 
weighing  (lG-4-2=J  lb.  Au  atom  of  ox^-gi-n,  weigliing  1(J,  iniitfuwith  I 
atom  of  li-.t4,  wi'igliing  207,  lo  form  a  niuh'culv  of  load  ojtido,  wcighii 
22.1.  Two  nliiiiif.  of  |inlu.si4iiim,  eucli  weigliiiig  ;5W.l,  unito  with  1,  2,  :i,  I 
ami  5  ntomH  of  sulphur,  cacli  wt-ighiug  32,  to  form  Ihu  bovcrul  siil^ilil)! 
eniimiT.ifi'ii  on  pngi-  127. 

Tliiwf  romliinntionn  art"  rftpreg(fnte<l  symholioally  by  tln>  Jaxtnposlt 
of  the  ti,viuliolg  of  thu  eK-uii'iitary  atoms  giviin  in  the  table  alroaily  rufyrc^ 
to ;  tliU!!  tlic  moli'CuU'  of  hydrogen  chloride,  comiKwvd  of  1  atom  of  hydi 
gon  and  1  atom  of  chlorinf,  ia  n-pn-senteil  \>y  the  symbol  or  fonniila  lit 
that  of  water  (2  atoms  of  liydrogen  and  1  atom  of  oxygen),  by  IlllO. 
more  shortly  H,i>.  In  like  manoor  the  difTerenl  oxidis  ami  Hiil|>)iid< 
ac'iils  and  ealta  alx>ve  enumerated,  are  reprexouted  symlwUoally  as 
low*  : — 

Chromium  monoxide "CrO 

Chromium  sesiinioxidn  .  .  .  .     OCrCXX)  or  Cr,0, 


riiromium  dioxide 
Chromium  Irioxido       .        .         .        . 
Sulphurous  oxidv  .         .         .         . 

llydrngen  sulphite  or  sulphiirons  add 


CrOO  or  CrO, 
CrtKX)  or  CrO, 
SOO  or  HO, 

8000HH  or  S<»,H, 


1-ea.l  sulphite BtXKH'b    or  H<l,l»b 

Potassium  monosulphide      ....  KKS  or  KyS 

rotfts.jium  disulphide  ....  KK!?S         or  K,S, 

I'olassinm  trisulpliide  ....  KKS.SS       or  K,}*, 

1'iitasaium  tetrasulphide  ...  KK.'<.''.'<.S    or  KM, 

I'otaasiuu  peutasalphldc     ....  KKiJ»SlES8  or  K^ 

A  group  of  two  or  more  atomi>  of  the  same  element  is  d.i        I 
•  numeral  i-ilber  l>efore  the  KyniUil.  or,  as  in  the  pre., 
small  niinii'ial  to  the  tight  of  llii!  siymiH>r,  and   either   alH»''   >>r   iH>la 
line  :  thux  ))<)()  may  \m  ablireviatixl  into  Mt,  or  ()*,  or  <),. 

The  miiltiplii-'alion  of  a  griuip  of  dissiuiilur  atoms  is  denoteil  by  plact 
a  numeral  to  the  left  of  the  group  nf  symbols,  or  by  incliwlng  tli 
lirMvket»,  and  jil.teiug  a  small  nunii-riil  In  tlie  right :  thus,  311(1  or  (HC 
denotes  3  niolerules  of  hydroged  chloride  ;  211,80,  denote!  2  molociUai 
hydrogen  milphnte. 

Till-  oimlilnnlion  of  two  groups  or  molenuleg  is  denoti'd  by  ]A 
lymlsils  in  jnxi;iiH»iiiion,  with  a  dot  U'twoen  thinu  :  thus,  Zut' 
a  eoni|Hiuni|  nf  <inr  oxide  with  sulphur  trioxide  ;    K,O.II/' 
potassium  oxidewilh  hydrngen  oxide  or  water.     !^<m>'(iii> 
sign  4-  Is  iistit  insleail  of  the  dnt.     Toexpr<>s»  the  mnlli; 
a  group,  the  whole  is  inelosnl   in   brackets,  and  a  niinernl   pi 
left:  e.g.,  2(Znn.i*0,);  3(K,0.II,0),  etc.     If  the  l.r.nk-N  \^ 
the  nuniernl  wonhl  nITeet   oidy  tlo<  symlmls  t"  the   left  <  ' 
3Kjtl.ll|ll  »igiiili>m  3  p<>laa»ium  oxid»  and  1  water,  not  .'. 
and  3  wul«<r.* 


*  The  oeirlri-l  of  mis  dlstlniittaa  od'n 
Hr/tf.f/  aulAtlan. 
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r,.....,..',  7,(. — l!    l.M.    li, .  1,    :ilr,:..K-  ^nt.w)   tlist  ohiiirnts  euD  I'fplncv  DUO 

•lieit  chU'rl'lr  if  )ilaci-<l  in  om-  I 
'•'i'«  iuio  I'liiiiliiiiiiliiiii  witli  tha 
liiln  A  i|ii.^iiiilv  III  li,viIr>'g<Tii  is  cvmIvi^I  it!>  ^'UH.     Niiw  tliis  sub- 
linf!  for  livJri>;,'''ii  alwrivs  tBk>-«  place  ill  ili'lliiiU'  |irii|Mjrtiau  by  ' 
I     lis  ol  zliic   Iwiug  liissiili-i'd   (or  rviTV  1  part  <>l  liydri>);MU  ' 
ii>'  luonUHr,  wUfii  puto-ssium  in  tlimwii  iiitu  wutiT,  li^-ilru- 
iij  til"  i>ntn!'i<iuiii  ilissiilviis,  311.1  parts  of  tin'  tiifliil  ilis- 
I  p.irt  nt  livclt.ij;.!!  f;)v.iiriir.    A(;!iili,  if  silver  bo  ilisHolvi'd 
I  ijii-tallii:  iiiiTiurv  iiuimrsi'd  in  tin-  solution,  tlii'  imroiir/ 
aii(i  will  tlj»pl.'u>e  tliu  silver,  wliiili  will   lie  iicparatoti  in 
•  ;  auJ  fur  I'Vcry  100  parts  of  niiTcury  disfolvud  Jdg  piirts 
■  r  Mill  U'  thrown  down.     In  lik<^  manner,  v^ippiT  will  displari'  tliu 
V  in  til.'  pro|Kirtion  of  31.75  partH  of  wjipcr  to  loO  of  miTcury,  nnd 
I'  -pluce  tliK  Liippi-r  in  the  proportion  uf  'M  purtti  of  iron  to  31.75 

J.  :.i...r. 

••  '  — •"  of  (lie  gt-m-rtil  law,  that,  vhcu  nnr  rlrmfnl  tnket 

1'.  tlioHt  tilt  nubitttatioit  or  rrjttat'rmcttt  ulu'xiyr  taktt 

f  ,     ,   ,iiim».     Tlif  ri'l.ttivf  ({iiantitim  of  dilferi'iit  elv- 

Dir'ntii  which   Ihuii  ri'pla(x<  onn  anotlivr,  arc  lalleil   t'hi'iuicnl    •■qtiiva- 

Irntf    or   ri|n(ral''nt    nnuil/vrii;    they  arc  eithi-r   identical  with   the 

a°  iltiplis  orsutmiultijilcsof  tliciu.     Korexauiple, 

ii  ]um  for  hydrogen,  uiid  of  I'opiier  for  mercury, 

luivalents  are  to  one  another  in  the  same  pn>- 

I*,  n»  may  he  seen  l>y  oouipariu);  the  nuiiiliorii 

inlile  on  page  27.     In  the  Kiihiitiliition  of  ziiio 

<•  hand,  tho  quantity  of  xinc  which   takes  the 

[••  .  II  is  only  half  the  atomic  weight ;  similarly  in 

tilt-  sukKlitutiuii  of  iiiiTi-ury  for  silver. 

All  rlifiiiiatl  rKartionn  consist  either  in  the  direct  addition  or  separatinn 
of  eleiui-nt«,  or  in  HuUititiitions  like  those  just  noticed,  the  latter  living  liy 
Ur  the  must  frequviit  form  uf  vhemical  change. 

(trmiral  Eiptatiaiui. — Chemical  reaclionB  may  h«  represented  nymlKjlically 
in   It...   ^..riii  of  equations,  the  symbols  of  the  reacting  substances  being 

.'   Inlt  hand,  and  those  of  the  new  sulslauces  resulting  from 

iiu  the  richt  ;   for  example*^ 
i.  UasuluUun  uf  luerourio  oxide  by  heat  into  mercury  and  oxygen —  I 

HgO  =  Hg  +  0 

2.  Roolntion  nf  manganese  dioxide  by  heat  into  manganoso-mangnnic 
nlde  anil  oxygen — 

3MuO,  =  Mn,0,  +  0, 

S.  .\ction  of  line  on  hydrogen  chloride,  producing  ilnc  chloride  and  free 
ttj'drogKU — 

2HC:i  +  Zn  =:  Znn,  +  H, 

4.  Aetion  of  xino  on  hydrogen  tulphale,  prodncing  lino  sulphate  and 
Iijrilmfi'O —  I 

n^J.  -f  Zn  =  Zn.SO,  +  II, 

of  xine  oxide  on  hydrogen  chloride  or  snlphato,  producing 
'  or  sulphate  and  water — 

2HCT  +  ZnO  =  ZnCl,  +  H,0, 
n^O,  -h  ZnO  =  ZnSO,  -f  Hfi. 
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It  inyvl  KPArrnly  [tf  o1»itvii1  llml  llu'  ti"»l"f  rttrnirliirss  nf  nui^li  an  i 
ti'iii    is,  t lint   111!'  iiiiiiiIxT  lit  aloiiis  of  eni'li  •'UiiiiMil  mi  hik' siili'  »liniiliti 
wjual  Ui  till'  niiiiilx'r  of  ut<iiii!i  of  tlip  same  eleiiiiiit  on  llii.-  otli'  t  -i  I> 

Any  Hiirli  hviuIioIrkI  iH|iijitiiiii  uikv  U- i-niivcrteii  iiitu  a  huh 
tioii,  hy  niilisliditiiijK  f'>r  xucli  of  tlio  uhcmiuil  itviul»lii  it»  iiuii> 
from  lh«  table  of  Atomic  wciglit^, 

Tliu  lawn  n(  clicmicnl  action  and  their  expression  by  symtnU  and  i 
lioiiM  will  ni'iMVi'  abuiidiint  illiiRtratinn  in  thn  8i>i<<'ial  ilcsoriptioug  whl 
follow  ;  fb<>ir  Kfit-rnl  ponnidHration  will  alwi  lio  more  fully  dcveloi»<d  ij 
sub8(.<quent  part  of  thn  work. 


HYDROOBN. 

Alnniic  HiMjjht,  I  ;  ayinbol,  H. 


nvpnooex  may  bo  nbluiiKHl  for  exp<>rimi'Utal   purposes  by  dooxidii 
WHt^'r,  of  wliicli  it  forms  a  characteristic  com)iom<nt.* 

If  a  tniM*  of  inm  or  porcelain,  onntuinin);  »  '{Uiuitily  of  Slingx  or  tUI 
ings  of  iron,  Ih)  flxtvi  across  a  fumanw,  and  il»  tuiddio  ixirtion  l>p 

rcd-liot,  and  tlion   tlit>  vapor  uf  vi 
Fig.  M.  puKHi'd  ovi>r  the   l».'iili'il   inct.tl,  a  I 

<r:;ij  quantity  of  iH-nnaiuMit  giis  will   !)»• 

\  I  enjisgoil   from   tin-  nOx;  ond   th«-  I 

\/  will    Ih<  converted   into  nxidc,  olid 

qiiiro  an  incrvaiif  in  wcij^bt.     Tli« 
is  iiydroKun  ;    it  ni.ty  bu  ooUfWted 
wat'ir  and  pxaniinvd, 

llydrogun  is,  howi-vcr,  i 
obtained  by  dc<viiii|M>tinK  I 
or.lilillf-s"';  '     •■  -  '  '    • 

Ulctul    tllHIl 

Ihii  nLOnhri  ..:.  .,  _.l_,. 

TIm*  Fiini|ilt»l  m**tho<l  of  prvpi 
I  >^  gas  \*  till!    followinR :    A   wid 

kvjLa-^  ^^v  boltli-  Ik  idiost-n,  and  fltti-d  with  a 

L^t-Vy  ^N.  I'xtV..  |>"rfiiriili«l   by  two   Imbi'  for 

,_^^J^:_  ^^      r  if  n  nmnil  li' 

■■KbH  to  tbi* 

^^^  »,,.,      ,.,.-,.  ..f  I..-. 

vt'y  iiway  tlm  di 
laU<d  line,  or  soraps  of  the  malleable  hk'L.iI.  nn-  i^mt   ' 

•  llrnrp  tlif  nnmr,  ;Afw.  wntnr,  '^nd  *• 

t 
of  . 
ar< 
ol 

Wli 

!!•.' 

r«i. 

ni> 

m 

Ill  111.-    riMk    ll.,ir     ri  Hill.      ).'M...»    w.\    II. .11. '.I    ..V.M     l||.-    ..Hi,,-.-,  ...r    ,.,,.u    IkTS 

frr%t»  M/ijiHinl  with  Ihf  nnfpr,  r«nil<>r*  It  louiiij  iintl  iklr.tlchl,  wliirii  oot  miiuanl  I 
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ul.lrr.     1 
liilt  with 


.    auid  bIowIt  it'lili><l  hy  the  faiiDi-l.  the 

''  lii|<li<l.     Tilt'  pvotution  of  gas  la  vasiljr 

-tit;  nliil  whrli   •<iiijiij|;li  luw   l>it*ii  <lii4cli.*tr)irtl 

ii  may  !»•  i-iUfcli-cl  unT  water  in  a  jar,  or 

I  tine,  Qliiiga  o(  iron  or  small 


■     i.i.Hs,    Mi.i    iii.^lcirous   whfn  qiiilti  pure.     To 

luuhl  \m  j>ri'pNt-i-<l  Iroiii  llu-   puri'wl  jIih'   that 

....    ,  .      il   ill  euoc'iviiiiii   ttirciiigli  tuilutiuus  of   {Kitaitlt 

Wlii-n  prr])arv<I  fruni  cvmmeroial  xinu,  it  inut  n  xliiilit 

'liii'  til  impurity,  aliil  wiiiai  iron  iia.»  U»'n  usiil,  tlii>  nliir  is 

'  .-lUIc.     It  18  iiilliuuuialilr,  ami  l>iirn»,  when  kintlk-il, 

HIP,  I'volviiip  miitli  lu'st,  but  very  little 

•  rill.  t.. I   tb)!  (x>mliii!<ti<iu  iM  water.     Uyilrnp>u  in        »^'«  *'■ 

(1)li.*  ill  WjiliT  lliuii  oxy^rii,  and   lias  nevnr   Ui^n 

...1      1     ''nto  of  puuiuiiouB  propertit*,  il  ia 

^        I   substance  kiunrn ;    Damns  and 

plavA  its  lioiisity    iietwivn   tl.DU!)!   and   U.U(i9&, 

ilint  iif  air  as  unity.     Thf  woight  of  a  litn-  of  liy- 

iml   unilirr  a  baronu-trii'   pressure  nf  0.7tiO 

i.'un  :    c<ins<H|iii-nlly  a  f^aiu  of  hv<ln>j;i-n  oo- 

ni.^   .■:   11.15347  litres.*     At  15. n'^  C.  ('lil»'-  F.)  and 

barunii'tric  prvssure,  1>H)  cubic  inclios  wvit:li  2.14 

im  a  f:ax  is  much  lighter  or  ninch  hi>aTii*r  than  ntrnos- 

'  aiT    it  iiiiiv  often  bu  wllect'.Hl  anil  pxamiiii^*!  witliuiit  tliu 

r.ic  tmni^h.     A  bottli-  or  narrow  jar  may  ho 

^  j'-n   without  niUL'h  atliuixtur>-  of  air,  liy  in- 

pxtrmuily  nf  lui  upright  tulv  di-livpriuK  the  gas.     In  a 

-apply  be  copious,  the  air  will  ti^-  wholly  displnoed,  and 

I       I       !Hiw  b<'  ri'nioviil,  the  vertical   (Hisition  Ix-ing 

i  hr  u  stopper  or  a  ulass  plate.     If  the  iiimith 

...    .,,;,.i;    lie   partially  dosed   by  a  piecre  of  rardlnard 

'in.     This  method  of  collecting  gased  by  displacement  is 

.-I'fiil. 

fnniierly  nstxl  fur  lining  air-bolloonB,  iHiirig  made  for  thn 

lie  Djirit  Irom  line  or  ir<m  and  dilute  Bulphurii:  .icid.     Us  use 

I<h1  by  that  nf  eoal-xos,  which  may  be  mode  very  liRht  by 

ill  teiniMirnlurn  in  the  uuinufacture.     Although  far  inferior 

I  power,  it  is  foiuiil  in  practice  to  poB»es.M  ml- 

■,  while  its  griiater  density  ia  easily  comp«<n- 

if  the  balloon. 

in  a  very  remarkable  property  |X»i8es«pd  by 

which  is  seen  iii  a  high  degree  uf  intensity  in 

Uiis  is  what  is  cnllcd  diffusive   power.     If  Iwo 

wbiili  do  ^lot   act  (■hcmically  ufioii  each  other  at 

||  'iiiux'ti'd   by  n  narrow  tiibi>  and   left   for  Home 

I.  at  the  cxpiratinn  of  a  certiiiii  time,  dcpend- 

T<  nf  the  tulK'  and  it«  length,  uniformly  mixed, 

.lly  ill   <liiis.ily,  Jind  the  sysleiii   h.is   been  ar- 

with  tlie  heavier  gas  downwards.     0.xygi>n 

iile  to  mix,  in  n  few  hours,  against  the  action 

ll  yard  in  length,  and  not  more  than  oiie-quarlcr 

J  «»v  «|i(iro»lnnllon.  It   tuny  l>e  rriticmliereil  th»t  »  lllr»  of  livilruitru 
lot  wraitii  or  V  evullgtoui*,  aiiu  «  grtiia  or  byiirugea  oceutilca  ll.t  l>i<e< 
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i>r  nn  iiicli  in  ditiiiictiT :  ami  tlio  flam<'  u  true  of  nil  other  gM«s  w]iieli| 
d>-!(tilati'  of  iliirct  artioii  u|>on  i-ncli  "tlier. 

If  A  resitel  Uv  divided  into  two  jmrtionH  bv  a  diapliragrn  or  iwrtiUoa  I 
IKirous   oartlir'nwaro  or  dry  pla.Ktcr  of  I'aris,  atid   ••ach   liaif  Illl«l  with| 
dliruront  ga»,  (lifTusion  will  iiuuiiMliatHlviimiiueuw  through  lli''  ] Mires  erf  I 
dividing  .substani.-^'.  and   will   mntintie  untd    perfcvt   iuixtnri<  lias 
)ilacu.     All  giUii'!^,  howpver,  do  not  |H-rnieati'  tlx'  8uiiii>  [Miroiiii  bod.r,  or.  In 
otiior  wordB,  <lo  not  pa.ss  throiifih   narrow  orilluus  wllli  tin'  >>:iv,     '      -        ■ 
fuoilily.     liraliain.  lo  wlioui  wi<  are  inditb»i,"<l  for  a  viTy  valuai 
tion  of  tliig  interesting  subject,  estal>lii!lied  tile  existence  of  a         ..  _.^j^ 
rxUtion  lietWHen  the  rapidity  of  dilfu!<ion  and  the  llen^ity  of  the  gMfl^nto 
ia  oxpruKfied  by  saying  that   the   dill'Uiiire  power  varies  iurtirHelx  wB^H 
tquure  root  of  tho  density  of  the  gm  itself.     Tliusi,  in  the  experimeot  «^H 
posed,  if  ono-half  of  tliR  vessel  be  liUiil  with  hydrof;en  and  the  other  t^^M 
with  oxyKeu,  the  two  ^aMeswill  penetrate  the  iliaphraKiu  at  vi<ry  dlffer^H 
ratejt :  four  ciibie  inilies  of  hrdrot^en  will  \tnHs  inio  the  oxy»;en  hiiIo,  wb^H 
one  cubic  inch  of  oxy;;i'n  trari'ls  in  the  i>p|Ki>ite  ilireotion.     The  dena^^^^l 
the  two  finsivi  are  to  eaeh  other  in  the  proportion  of  1  lo  l(j ,  their  j^^^^H 
rat>«  of  lUlfiulou  are  inversely  aa  tiie  square  roots  of  tki«e  uumtMHPi^^l 
A!)  4  to  1.  ^^^B 

In  order,  hownver,  that  this  la«r  may  be  acaarat4>ly  ob««rr«l,  it  ia  otl^^M 
aary  that  the  |H>rou8  pintu  be  very  thin  ;  with  plates  of  stueco  «n  i^^| 
tliiek  or  more,  wliioli  really  eonsitit  of  a  eonKeriet)  of  long  enpillary  tiit^H 
adllferent  law  of  iliirusion  Is  olnterviHl.*  An  exeellent  material  for  dijj^B 
sion  experiments  is  the  artineially  '(impressed  graphite  of  Mr.  Itroekiil^H 

of  the  ijiinlity  u«ed   fi>r  making  writing   |ien<HI».     It   ni.iv    i-.   •■•■i ■'  |H 

eutting  and  grinding  to  the  thiekness  of  a  wafer,  but  stil  "'^1 

able  lenai.'ity.     The  pores  of  this  subittnnce  appear  to  lie^'  'dl 

to  prevent  the  IraiismisHion  of  gase«  in  moss,  bo  that,  lo  use  Ibe  Inngui^H 
of  Mr.  tiraliam,  it  acts  like  a  niolooular  atevc,  allowing  only  mole<  ulm^H 
piu»  through.  ^H 

The  iiiniple«t  und  most  Rtriking  method  of  exUUting  the  plinnomii^H 
of  diirudion  is  by  the  use  of  (irnham's  dilTuslon-tulM).  Thix  ie  iii(.iri'|^^| 
piece  of  wjile  glass  tube  ten  or  twelve  inches  bmg,  having  one  of  its  ex^^| 
mities  eliued  by  a  plato  of  plaster  of  i'aris  B)>out  lialf  ^H 
ineh  thick,  and  well  dried.  When  the  tuUi  is  Itllinl^H 
displacement  with  hydrogen,  nnil  then  set  upright  i^^| 
gbuis  of  water,  the  level  of  the  lii(uiil  rises  in  itin  tulw^| 
rapidly,  that  its  movement  is  apparent  to  the  ey<i,  al^l 
fl)ieeclily  attains  a  height  of  sevi'ral  iticbeit  aliove  tb«  Wif^H 
in  the  glasM.  Tbo  gas  is  arlually  rnrefliHl  by  its  suput^H 
diffusive  (Mwcr  over  that  of  the  external  air.  ^H 

It  is  impnssiblo  to  overeL^tiiuato  th«  ini|>firlani^'  in  ^^| 
Moonomy  of  Nature  of  this  very  niriena  I  >>c  iiii.  iin-  ^^M 
oonstiluUon  of  gase<)U9  Uidies  :  It  Is  the  ;.  ^H 

which  the  atmosphere  is  preserveil  in  a  It  'l^l 

the  aecamnlation  of  |Hiisonou«  gases  and   exUalutmua  B" 
lowiia  juid  other  iimnued  livaliliw  prevented.  ^ 

A  ition  of  gasi-s   and   va|iorr  of   tttimi^H 

dm  -   elleetod    by  Hflowing   the   mixtUTQ^^I 

|M<iii.-  I..-      _i.   a  pifi?--  ■  '^Mlll^^l 

ware  into  a  vacuum.  I^^^^H 

boft  iialiibittHl  by  means  of  an   in*trum>'T  ' -.Ij^^H 

la  ainiiiljr  •  uarrow  IoIni  of  angluctl  nuttumwarn,  iiixh  u  ■  iotNM<a»>|^H 

*  /ttv  Bunwa't  <}x>aiiM<tr}',  p.  VU)  ilrvlisro's  Klvmenls  of  Ohemltlrr,  Slai^^l 
■W;  Wall,:  UtrlloOKry  of  Ciieail>tr)r,  tl,  «U.  ^^H 
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fr*i  lornj:,  which  is  plntm]  within  a  shorti-r  liit«>  of  |(liua,  aiid 

V  wrks.     TLr  gllu^s  tulw  i-  i  wllli  nn  iiir- 

)i|iiu'«  Itt'lwiM'ii  Uip  Iwti   1  io  n»  iicnrly 

inn*.        AIT  or  rtthfr  I'  ■  ''  ^vr.l   u>  llow   uUfllg, 

In  a  glow  strvam,  nn  -.     TUi-  ^ak  or  air 

R«,  r«luL«i  ill  , ^,.    , .  iiftmii"'  M.r,.,,,.)i 

Uibe  into  the  air-pump  raeuum,  niiit  tli'  is 

pldlv,  BO  that  the  prniiurtidii  of  tliv  iIpii!!''!  .it 

in  the  gju  colliftvd.  In  one  experiment,  tin-  pruiKirtion  nf 
lh<<  air,  »fter  traversing  tlie  Btmol,vier,  was  incrt'iutixl  from  20.8 
which  in  llie  normal  proportion,  to  24.5  per  cent.  With  a  niix- 
rgcu   and   hydn>guu,  llie   noparation   is,  uf  course,  still   more 

rtion  must  be  carefQlly  ■Iran'n   between  real  diO'nsion  thr<iU|.'h 
•<~i   .Tii.l  tli.-.Tpji,ireiitly  himilnr  pnssajje  of  K'a.'<es  through  meiii- 
li  OS  rooutelioue.  Madder,  piilil-beaters'  sitin,  etc. 
Oi  wiiieli  ia  eailiMl  osmose.   Die  rale  of  interchauKe 

Hily  on  tlie  relative  dilTusihilities  of  the  g.ises,  partly  on  the 
egrees  of  adhesion  exerted  by  tlie  niemlirnne  nn  the  different 
virtue  of  whieli  the  gn*  wliieh  ollieres  most  jKiwrfully  pi;ne- 
di:t|>lirn);tn  most  easily,  and,  attaining  the  opposite  surface, 
other.  A  sheetof  caouteluiue  titwlover  themoutliof  a  wide- 
fllktl  with  hydrogen,  is  soon  pri-ssed  inwards,  even  toburst- 
ttle  tie  filled  with  air,  and  plaeed  in  an  atnioopheru  of  hydro- 
Welling  and  bursting  take  place  outwards.  If  the  membrane  is 
rntult  is  likewise  offectwl  by  thedifferent  solubilities  of  the  pa.seB 
U>t  or  other  liquid  whii'h  wets  it.  For  cx,imple,  the  ililTiisivo 
rarlainic  acid  into  atuxwpheric  air  is  very  small,  but  it  passes 
Iter  through  a  wet  bl.-idder  with  the  utmost  ease,  in  virtue  of  its 
in  till'  nuter  with  which   the  membrane  is  moistened.     It  is  by 

n  is  performed  :  the  aeration 
I 'nt  of  the  carlKinie  »i'i<l,  are 
IS  never  brought  into  actual 
ic  air,  but  receives  its  eupjiiy  of  oxygen,  and  disemliarrafises 
c  acid,  by  Ibis  kind  of  spurious  dilfusion. 
usive  joiwer  of  hydrt)gen  against  air  renders  it  impossible 
as  fur  any  length  of  time  ill  a  bladiler  or  caoutchouc  bag  : 
to  kiH-p  it  long  in  a  gas-Loliler,  lest  it  should  become 
'  ilighl  accidental  leakage,  and  n-ndered  explosive. 
ies  through  meuibranes  like  caoutchouc  or  varnished 
ugh  wet  membranes  like  bladiler,  appears  to  ilei>«n<l 
jtM'faetion  of  the  gases,  wliich  tluMi  Ix'como  capable  of 
g  the  ^uh»taIl«e  of  the  membrane  (as  ether  and  naphtha  do). 
Again  cvBjiorate  on  the  surface  and  apjK'ar  as  ga*es.     Tbn  un- 
irptloii  of  gasi^  in  this  manner  often  elfocts  a  much  more  eoiu- 
iruliiiii  of  the  comiHineJita  of  a  gaseous  mixture  than  can  be  al- 
tbe  atinolylio    metluHl    alKjve    describi'd.     Thus,  Urabaiii    has 
it  oxygen  ii.  ftlisMirlx-d   and  cundeused  by  caimtchouc  two-.-»nd-a- 
1  more  i,i,ii..,l  ,i,iu  ilian  nitrogen,  and  that  when  one  side  of  a 
e  film  i?  «i-il  to  tho  air,  while  a  vacunm  is  proiluced 

her  dido,  1 1  ■ws  41. tj  per  cent,  of  oxygen  to  pass  through, 

the  21  p«.T  ciiil.  iiKually  jiresent  in  the  air, so  that  the  air  which 
■rough  is  capable  of  rekindling  wood  burning  without  tiamc. 

"    appear  i  iliis  jMiwer  of  alaorbliig  and  liijuefying 

mill  Tj,,.  „tvii1  the  renmtfciible  I'a.i.  that  hydro- 

Me  of  pi-ii.  .I..1...J;   (dalinuio  and  iron  lubes,  at  a  red  \u'a\., 
iMO  U  c/  opiaioo  that  Oiia  effect  may  bn  vonnveted  W)t\i  n  ^iuw«i 


134 


HYl 


niililpnt  in  tliesc  and  pertain  ntliitr  metals  to  al»orb  nnd  liqnar 
]Hi88ilily  ilj   ill!   uliarai-tt'r  iiH   u  im'tallio  vupor.      Plutiiiiiiii  in  Hit-  fnmi 
win-  or  i>li»tf,  at  u  low  n-il  lirnt,  cim   Lnk"  up  3.8  voltniK-ii  of  hrdru 
nu-iifiurpit  colli,  nud   iinllndiuui   toll  cuiidciiHra  aa  inuvh   aa  iU3  tiuu-»~ 
Tiiluiiie  of  h_vilrogi'n  at  a  lviiiiiiTAtiir«   liflnw   JtMiO  ('.     In   ij,^  forwj 
R|M)n);i<,  platinum  alHorlM<d   lAH  tinit-s  its  volume  of  livdro|;i<u,  and 
ladium  'H*  volunii<s.     This  abunrption  of  giuw)  \<y  mvtaU  in  called   ooc| 
Blon.* 

Tliu  mptiviric  iron  of  Lenarto  contains  a  consid<-raliU-  quaiititjr  of] 
rlndfMl  hydropiMi.     When  plaw<d  In  a  ^ckkI  vacuum,  it  jieldi'  2.85 
itK  volumi!  of  g!iB,  of  wliirh  b.l.OS  per  cent.  coiiKist  of  liydroj;i>n,  with  ■ 
carlwn  monoxiile  and  f'.Sti  nitrogen.     Now,  hydroyeu  hnt  beni  recognlj 
liy  spei'trtim  niialvHtt^  in  the  li>;lit  of  the  lixetl  8tarfi,  and  i.-oti^titut*7t<,  | 
cording  to  the  olwervniions  of  Father  Seeohl,  the  ]irim.-ipal  element  in 
atiiKOiphere  of  a  numerous  class   of  stars.     "The   iron  of  l.enarlo,"  i 
Mr.  (iraliani,  "has,  no  doubt,  nnne  from  such   an  atni«»|di(>re,  in  wl 
liydr<»gen  );ri'ntly  prev.iilcd.     This  meteorite  nmy  Im;  IimiIcivI  up<iM  oc  III 
ing  imprisoned  within  it,  and  bringing  to  us,  the  hydrogen  of  the  stajl 

The  ratM  of  effusion  of  Rasss,  that  is  to  say.  their  rales  of  paa 
through  a  minute  aperture  in  a  thin  ]date  of  uutal  or  other  suhiti^ 
into  a  va(Hium,  follow  the  snnii-  law  .is  their  rind's  of  dilTusion,  that  f 
•ay,  they  are  inversely  as  thesiiunre  riNds  of  the  densities  of  the  Rt 
Nevertheless,  the  ]ihenomena  of  diffusion  and  ellusion  are  rssentialiyi 
ferent  in  their  nature,  the  effusive  movement  allecting  massis  of  a) 
whereas  the  dilfusive  movement  alTi'ils  only  moleenles  ; 
usually  carried  by  the  former  kind  of  impiilsi'  with  a  \ 
thousand  times  greater  th.iu  by  the  latter.  Mixed  ga.>ies  ui-  ... 
the  same  rates  as  one  giis  of  thu  actual  di'Uslly  of  the  mixture: 
aeparation  of  the  gnstn  oeenrs,  as  in  illj/'nuion  into  a  vacuum. 

The  law  of  elfuslon  just  stativl  is  true  only  under  the  condition  thati 
gas  siiall    II.1.SH  through   a  minute   ajM-rture  in  a  very  thin  pinle.      If^ 
]d»te  be  thieker,  bo  tliat  the  aperture   U-itmies  a  tulM-,  viry  •'■ 
of  efflux  are  olwervivl  ;  and  when  the  capillary  tub*'  lieeono 
elongated,  so  that    its  length   eX(>ee<l4i  its   diami-ler  at  least  4'"  r  in.-, 
rales  of  llow  of  ililferi'ot  gaw-s  Into  a  varoum  again  nsHUme  a  mtislant  i 
l<i  lUich  oilier,  following.  hoW"-vi'r.  a  law  totally  distinct  from  that  of  i 
aion.     The  princi|inl  general   results  oliservi'd  with   rilatlon  to  tllb 
noraenon  of  •'(  jtpillarv  Transpiration"  are  as  follows  : — 

1.  The  nite  of  transpiration  of  the  same  gas  increases,  rvtrrit 
direrily  as  the  pressure  :  in  other  words,  eipial  volumes  of  pas  at  aiff«J 
deiikilies  ri«|iiire  lime«i  inversely  pro|>ortional   to  tlo-lr  di-nsitit^.     2. 
luls<-  of  i«|ual  diameter,  the  volume  transpired  In  equal    tinies  Is  ln»«< 
a»  the  lenulh  of  the  iuIb'.     X  As  the  temperature  rises,  tin-  IranHplratlu 
njual  volumiw  Is-romes  slowiT.     4.  The  rali-s  of  trjin»plr.'itii  ii  of  A\Bvi 
i;a*<n  Is-ar  a  eonstant  relation  to  each  other,  t'dally  inib'peiwi: ni  .if  tl 
dencitin,  or.  Indeed,  of  any  kntrwn  )prtiperty  of  the  gases,      i 
of  oxygon,  nitrogen,  and  cartion  luotioxidi'  are  Iranspiri-d  in 
so  liki^wisH  ny  e<|nnl  weights  of  nitrog>'n,  nitrogen  ilioxide,  uiid   torfl 
monoxidr ;    and    of    hydrogen    chloride,    carbon    dioxide,    and     nlir 
monuxidei. 

•  .  i  r  .  I,  .  „,     iM.u.  Trans  1|1««  i  Joitrnsl  of  the  Cbumleal  Soelrly  f»],  ». 
■i.f  Heysl  S<K-lelv.  «T.  ftoa. 
.  Tratia.  IM  >,  f.  ^«l.  sail  ItW,  p.  M«|  slso  F.lriii»nt<  of  < 
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coiiniSATiox  or  nrDU.oor.i>  with  oynam. 

it  faaa  bovn  nlr«iu)7  staliMl,  tliJtl  altliniiglt  tho  light  emitted  hy  the  tiMDo 

1    .  ..     .   ..  :,....        '■■     '■    fiobli?,  jTi't  till"  ti-niptTatiiri!  of  tli«  tlami' in 

V  U>  still   furtliir  i.'xaltol   liy  |>rfvi(iii.*ly 

li  oxjryi'ii  ua   it  fcquifL's  for  coiiiliiiiutiim, 

v  lie  en-u,  Willi  half  il8  vuluiiit*.     Sucli  a  u>ixturu 

I.  iiiili-]>i.'nili-utly  of  the  pxtiTiial  air.     Wlivii  ruisi'il 

Tului*i  li^^iiirtNi  fur  iHiUiliiiinliun,  the  two  gaHc:^  unito  willi  vX' 

ni-o.      If  a  Ktroug  lioltU-,  liuldlng  tiut  more  than  half  a  pint,  tie 

'    mixture,  the  iiilrixlin-tiim  nf  a  li);hte<l  madh  or  r<'<l-hnt 

II  ■  tiKiiiient  the  iiiiiiiii  of  the  gases.     By  certain  preeAit- 

t  ux/t;eii  mill  hyilrtigeu  van    lie  hiirueil  at  a  jet  wilhinit 

•II  of  fire  to  the  cuuteiits  of  the  vi'ssel ;  the  (lame  is  in  this 

!/itinn  will  show,  that  all  nnlinnry  flames  buruini;  in  the 
;;eii   are,  iif  nccesaity,  hollow.     'I'he  act  of  eoniliUBlimi  i« 
I  the  riiergetie  uuinn  of  the  sulmtaneo  burneil  with  the 
"II  ;  anil  this  tinion  can  take  place  only  at  the  surface  of 
.     8uch   18  not  the  ease,  however,  with  the  flame  now 
'11  ;  the  cnnihui^tilile  and  lUv  oxygen  are  already  mixeil, 
i<>  hare  their  temperature  n  little  raise<l  to  cause  tlum  to 
[iiirt.     Tlic  tlnme  so  prwluced  is  very  ililTrrent  in  jihysti- 
u  Ihnt  of  a  Hiiiiple  jet  of  hydropen  or  any  other  eumhua- 
.,'  aii'l  jioiiileij,  and  very  remarknlile  in  appearance. 
ly-Jet,  tlie  tJonBlruitioii  of  which  iiivolvena  principle  not 
1,   iiuiy  lie  nilapteil  to  a  coinmon    bladder  ixintainin;;  the  mix- 
id  under  the  arm,  ami   the  pus   forced   through   the  jet   liy  a 
Altliou(;h  this  jet,  properly  efiii.itructi'il,  i.s  lielieviil  to  l>e 
!  in  line  notliint:  iilr<iii<;er  thun  a  lilailili>r.  for  fear  of  injury  in 
.  (.  ,.vi.i...;..r,       Ti...  .'nscB   are  often  cimtaintKl  in  aepurate  re. 
s,  tor  example,  and  only  gufl'ered  to  mix 
I  nee  of  the  late  Professor  Uaniell :  in  this 
l«Lan)rer  is  avoided.      The  eye  spee<lily  lieeomeii  aei;uKtoiued   to  the 
'  9pf»»irftnee  of  tho  true  oxyhydropen   flame,  so  an  to  permit  the 
-•  to  be  ezAclly  regulated  by  suitable  Htopcocks  attached 

platinum  wire  intnidnced  into  the  flame  of  the  oxyhy- 

i.-ltK  with  (he  L-niilist  ease  :  a  watch-spring  or  n  -imall 

ii  111,,  nil, wist  brilliancy,  throwing  oflf  showen  of  iH'attti- 

■  oxldinnl  body,  as  mnpnesia  or  lime,  bt-eoraes 

I  \r  with  a  lipht  insupportable  to  the  ere,  and 

Mwpiil'le  of  employiiifMit  as  a  newt  jiowerfnl  illuminator,  as  a  8ul>- 

Ibe  «iin«  rnr*  in  tlio  solar  iiiicrtwcoiK-,  and  for  night  signals  in 

''P*m  at  both  ends,  bo  held  over  a  jot  of  hydroRen 

'■  :~ical  sounds  Ik  sometimes  prodncod  by  tho  partial 

ng  of  the   flaiiio  by  the   asci-ndinp  cnrrent  of  air. 

sucoejni   eai'b    other  at   regtilar  intervals,  and  so 

r>:  •  1  a  musi'"il  note,  the  pilch  depending  chiefly  upon 

Ui  1  of  tho  liilie. 

I   livdrof.n  may  hi'  kept  mixed  at  eommim   tempo- 

,f  (inie  witliont  ••oinliinalion  tnkiiiK  place,  yet,  under 

iJ.tly  :vnd  «  ilhiint  cxpliiiion.     Many 

IS   olscrvation,  that    linily  divided 

^..^..1  Im.-  |,>,i>,.  ..i  .,.  ..i/jijnin^r  fbe  nnioii  of  the  (*ivses  ■,  anil, 

V  ti-n-nilr,  F*tid»)-  has  thown  that  the  Hindi  of  minute  dWisioiv  is  ^>y  i 
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no  iiioniis  inilispimHAblu,  since  ron«d  plutcB  of  tli«  mvtnl   linvi<  t1i« 
projHTlv',   pn)viil<'fl   tln?ir  siir/acea   are   Bl*oliit<'l.y  ili'an.     NimiIkt  in 
rlTeot  strictly  confined  to  plntiniim  ;  otlipr  inutitls,  as  pallotltiim  and  goll 
And  ovou  stuiitfs  and  gUsx,  nxhibit  the  name  propcrljr,  althougli  to  A  f 
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Inferior  degnw,  nituv  they  often  r^qnirv  to  be  ftidfd  l>y  •  little  lieat. 
a  ploco  of  platinum  foil,  nhicli  iitiM  U-vn   ol>'nni><l  hy  liut  oil  cf      ' 
tlionui^li  WBshiii);  with  iliMUII<'<l  n  ntiT,  18   tliriiiit  into  a  Jar  > 
nitxtiii'i'  of  ox.vjji'ii  bikI  liyilrogcii  sluiiiliiig  ovi-r  wnttir,  (••■ii.i.' 
two  j,'.'u<i'X  iiiiiiiiilinli'ly  iM'jjiiin,  iiii'l   'Ih'  loviO  of  llii<  w.  j 

wliiUt  tlio  plallnuiii  Ik'coiiii'o so  hot  thnl  dnipii  of  water  lu  y 

upon  it  riitiT  into  <-hullitioii.     If  tlio  metal  Ui  very  tliin  uud  eki->.-<;<)ind 
clean,  and  the  ^oset)  very  pure,  'tis  teiri|iernliire  rlKe*  after  it  time  to  tcii 
roilneHB,  ao'l  the  rexiilue  of  tliu  mixture  expltKles.     Itut   thiit   ix  an  kS 
al(<>i;e|her  necidentnl,  and  dei>eii<U'nt   u|>on  thr  hi|;h  teniperAturc  of 
plalinnm,  wliicli  lii^li  tem|M'ra(uru   Iioh    l>i-en    |>ro<liie<id    hy  thi^   priHSillj 
<iuii't  eunihinutit;n  of  the  two  lj<MlieM.      Wlien  the  plntinuni  ifi  reiliired  ' 
^t«l^>  of  minute  ilivinioii,  ami  itn  mrfaee  then-liy  niijiliextendiol,  it  In 
imme<liately  rwl-hot  in  a  mixtiiri'  of  hydrojjpn  and  oxyRi-u,  or  hyd 
and  air  ;  a  Jet  of  liydr<>^>eii  Ihnmn  U|Hin  a  little  of  the  h|KiM|;y  luetul, 
tained   in  h   ^loss  or  oapxule,  is  nt  imro  kindled,  and  on   thio    prineij 
mo^diinei)  fur  the  produetion  of  iiuitnntanouiu  li^ht  linvo  iH'ejt  eontlruc 
These,  however,  act  well  only  when  i^nniituntlr  used  j  lliiiH|Kin{;y  jdutinl 
in  apt   to  Ik-oomii*  <1oui|>   l>y  nlnurption  of  inoi^iturv  from  the  air,  and 
Jwwer  i'  ''     ■    '   -  "      '  '      t. 

The  I.  u  ho  given  of  tli(>!U.«  ruriuUH  effeotn  in  to  (0 

J»<»p«M  Ml.'lt  _  r.tl    h.iv<'      In  7i   crt'.Tl.'r    (ir    li--;^   ,'\l,!lt      tlli 

p<'rty  ••f  oindeniiii;;  g;i«ea   u|Kin   tl 

(a*  shown,  p.  13'.i),  and   that  lhl» 

rerlalu  of  the  non-4ixiillzalih<  met«li>,  .kf  i»l  ^<i|.l.     Oayg 

hydr<i(*i*n   may  lima,  undi*r  Ihetin    rireni<  -    hmiight,  AS 

wJ''         ■  ..  ih)U*  iijr  *  tnfoporary  in 
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il  of  thin  foil,  or  evrn  ft  com- 
'4,  and  then  h>'lii  in  a  jot  of 

V    i.iul<-ii,  aiiu  ri'iiiJU  u.-*  ill  lll.lt  ^tat(>  ;^'*   '    ■  tlirt 

I  .iir  is  ki'pl  iiji,  till'  t«  iiiiMTiitiiri'  liftn  ■  •! 

„    ;  111  tliij  act  of  union.     t:Jouu:tuu<.-«  tlio  lu, :..         -iucs 
^t  II  the  gas  takisi  tlr^t. 

»'iri.'  Ini  ultju:hcd  tu  a  nard,  and  (unpvnded  in  «  glatis 
aiiii;  a  (fw  drops  of  <4li<-r,  hnviiiij^  provioiial^r  l>o<-u  made  rml-liut  iu 
'  of  a  diiirit-liiinp,  it  will  contiiiunto  glow  until 

.1,  gi-ilng  rise  to  llie  *»«■«• 

r  nliiili    Hitni'lcB    llie 
'.   ill"  '  (lor  18  in  tliiB  cn»o  hut 
li,Vilrogen  is  alono  »i:inoriHl,  and 
11  :;i   l.'fl  Ullloui'lott. 

thin  platinum  wire  may  l«  plm-vd  nvor  the 
s]>irit-lamp,  or  a  ball  ol  tpimiiy  platinnni  sub- 
m  aUiTn  tbn  cotton  ;  on  li^hltnp  tlio  Inmp,  and 
riujf  it  ititt  AS  KiMin  u^  tliu  mt'tnl  a]>p*^arH  red- 
'     '  it  drawn  up   \>y  llie 

lu-o,  nocompaniH  lijr 
i,  wliiili  iiiav  l«>  minli- 
.  ity  iliMKotving  in  the 
il  oil  or  rmin. 
US  numiTotra  conipouiul!!  with  othnr  I)n<lie8,  although  it  is 
«l  in  this  fpspoct  uol  only  hy  oxygrn,  lutt  hy  ui.my  of  iho 
tits.     In  many  of  its  r1iomi<'iil  r>?lntioiiB  it  rcai-mhh'A  tho  nx'tnU, 
rith  oxygrh.  sulphur,  rhloritif,  bromine,  etc,  to  form  com{Kiunds 
1  c<niittitution  lo  lli«  nK'talllc  oxides,  bulptiidus,  okluridra,  bru- 
(p.  1-J7). 

Oxides  of  Hydrogen. — Thprc  are  two  nxiditt  of  hydrognn — nainoly, 
■  icid«',  wliirli   Im  wsttT,  anil  the  dioxide,  discovorwl  in  the 
Thiriard. 
-   I  but  {\iv  Lxtropntition  of  -water  was  Oni  demonstrated  tn  the 
by  (."avt'Oilish  ;•  but  the  discovery  of  tho  pxort  proportions  in 
fgra  and  livdrugon  unil»  in  gi.'nerating  that  most  Important  com- 
ifi  .   to  ihf  prt'sent  day,  ofiiipiod  tho  attention  of 

ft;  d  cultivators  of  chcniiriil  scii/ni'i-.     TIhti'  ar« 

.^.  arch   in  ohomistry — thn  n"«/yf;W(/,  or  Ibut  in 

Dpouiid  is  rcsolvixl  into  its  flenifiits,  nml  the  xipitltrtiiul,  in 

I'nts  arc  nia<K-  t"  unito  and  pri«luc«  the  wmpound.     The 

mi  is  of  much  morn  gi-m-rnl  application  than  the  seeoncl ;  but  In 

aular  instance  Imth  may  be  cnaploywl,  although  the  rtaults  of  tho 

tho  morn"  vnluablc, 

>i»illon  of  wat4.r  may  be  offcoled  by  vnltaio  electricity.   When 

'   !  itait)nduotnr,t  and  a  portion  interiiosed 

.■onni'i-l<d  with  the  nxtri'iuitics  of  a  vol- 

,[.    , ;,  .l.-cdmposilion  of  tho  liijuid  tiik-'S  plo^'O 

■uaniicr;   o\vt:.n.  in  a  state  of  perfect   purity.  Is 
r  in  c-oiitacl  With   tho  plate  Udonging  to  the  copper 

\a  »l*«ni  1«  th»  itlnrnviTV  of  lh»  eompodHon  of  w»tor.  On  lichnlf  of  J»in<-1 

-     .- ' •   1    - .,.ri..,i   i.y  tiirh   eviilmie   Hint    the 

cm    Hint   tlic  ilUcnvi'ty  wil» 
'.tmwii  to  eii^h  other.     So* 

,,,.,.,..„,,,„,..,,..,. .,  ..>  of  fhcnilstry,  II.  T80. 

i  Sf  m*  •M'tlon  on  "hleelrv-Cltemlfiil  IMvomjiuailluO." 
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cn'l  of  tli«  buttery,  auil  li.v<lrox«<U  eqaslljp  pnr«,  il  ( 
eiiHiKwl  at  tUe  plotc  coniiL-ctccl  with  Uie  litic  >')ilr«i 
till-  uiiil<U«  portiiiiia  uf  lii|uicl  roiiiAiDiii);  Appitrciitly  { 
.'illi'nit.     Hy  )iliicuig  Hiunll  grmliiitU-il  jars  iivt-r  Dii 
<iiiuni  plat<n,  till*  j;n8<.-s  r.iii  Ik'  wlUv.tvtl.  aii'l  tki-ir  >jua 
titii's  (iftormiiKMl.     Tliv  wliulc  arriin>:t'iiiviit  is  hIiowc 
11^'.  '.<i ;  till-  itiiiiiuctiug  wiri-tt  jtatia  tlirougli  the  butb 
cif  llii<  gl:u<t>  cup,  and  awny  Im  tlii<  luittvrv. 

VVIifU  thin  cJciKTiiin-nl  lian  iK-on  nititiiiiinl  HKtiffiria 
tiiiii-,  it  will  In-  found  that  the  vultime  uf  tlii^  hydM| 
Is  »  eery  little  »l>ovn  twiov  that  of  the  oxygen.     We 
Uol  for  the  otx^dental  uiremnstanct!  of  oxygmi  Uting  i 
Hihly  mure  snIuMe  in  wntwr  than  hydrogon,  th>!  pnip 
/'^^^i^^^^         '""•  of  '*<>  '*>  ""^  ^y  measure  would  ooine  out  eXM.'tlj| 
^        ^11  -^  \Vat<>r,  ns  Mr.  (Jrove   lion  shown,  iH   likewise  dne< 

IMisiKl  into  its  mUiilitucMtfe  liy  heat.     This  effect  in 
daced    by    introducing   platinum    Uullij,    ignited    by   eleclriuity   or  otl 
means,  into  waU-r  or  steam.     The  two  guca  are  obtained  lu  rerjr 
ijuantilii^  at  a  time. 

When  oxygen  and  hydrogen,  both  ns  pure  iis  jiossible,  are  mixe<l  in  I 
pru}iortionit    uientiuiied,    pa«He<l    into   a  Rtmng    glnu    t« 
Klg.  M.  standing  over  mercury,  and  oxplodiil  by  the  el^ 

all  the  mixture  disappeun*,  and  the  mercury 
into  the  tulie,  niling  it  eomplelely.     The  »aiii>    ,  ^i 
may  be  moilu  with   the  expl<«i<>n  s'esKcl  or  eudioi 
Careudiah  (llg.  !>:<).     The  iuntrumvnt  is  exhuUHted 
air-pump,  nnd  then  lllle<l  from  a  utppeil  jnr  with  the  mi. 
gasi*R  ;  on  passing  bu  eleelrie  spurk  by  the  wirtM  tiliuw; 
It,  explosion  eiuues,  and   the  glass   ln-comes    Iwie' 
moitflure;  and  if  the  stopcock  U;  then  opemil  undnr 
the  latter  will  rush   in  and  till   tlie  vensel,  leaving  uii 
bubble  of  air,  the  roault  of  imperfect  exhaustion. 

The  procifss  upon  which   most  reliance  is  pi' — '  '■  'tij 
in   which    jiure  copper  oxide  is  rinluitid   at  a  Ij 

hydrr>gen,    ami    tho    water    so    formed     is    cl 
weiglie<l.     This  oxide  sulferH  no  change  by  heat  aione, 
the  momentary  contact  of  hydrngtfn,  ut  any  common 
bnstible  tiiutler,  nl  it  high  Imoperulure,  snffices  to  rediii 
oirretponiling  portion  to  the  metallic  state.     Fig.  D4 
Serve  in  C4>nv<'y  some  idea  of  the  arrangement  adoplvd 
re<iiia.rcbe9  of  tliis  kind. 

A  eopious  supply  of  hydrogen  is  pr"'"--'  'r  "'■■  '■•■•(( 
of  dilute  sulphuric  add  up<in  the  | 
obtained  ;  the  gas  is   made  to  pass 
solntiiius   of  silver    nitrate  ami   strong  caustic   imtiwh, 
which  its  puriflcvitifiu  is  nmipUtcd.     After  this  it  is 
dueled  through  a  tube  three  or  four  inchi^  bnig,  lllbyl 

frngincuts  of  pumiise  stone  Ht>*>'ped   in  eoi iilrated  nil 

vllri'il,  or  with  anliydron      i  '         '  '         '"' 

Htanr<<!<  have  s"  gn-at  an  ;i 

they  .Iry  the  gas  i'<iu>plci ...      .._ 

trciiiity  of  Ibis  liibe  is  shown  at  n.      I  '  tt 

arrives  at  the  part  of  tbc  .ipihirnlii 
oxide  represented   m  d 

of  very  hard  white    .  .Xi 

•  |>iril'laiup    plueeil     Ix'ii.alli,        \»    iIm     iI' <  "u>p-Hili<i{ 
««-»<<<*,  tlie   waler   prodaueil  tiv  the  reiluctluu  uf  tli« 
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k^Q>  lo  conAMtac  in  tb«  sMxinrl  neck  uf  the  flask,  whence  it  drapa  into 
1W  ruccxrisr  c.  A  »«»mi(1  diak'Cdtlnjj  liib«  (irevonts  thn  loss  of  atjuooua 
myar  bj  the  curmit  of  gu  vrhlcfa  i>iuiB<<e  In  vxceat. 

Fig.  IH. 


(L. 


Ib-{ni«  ttie>  pxpM'ininnt  mn  \>n  cornniunoil,  tliu  tsopiier  oxiilo,  tli«  parity 

'      '    ■-  — '  "    '    ■  -*■  ' '    -   -'t  l«<  lii-stixl  t"  ri'iliU'X!'  fur  sriiiii-  time  in  it 

N'lvd  to  oiol,  Biiii  viTv  cnrrfiilly  Wi'i^.-lntl 

■iMVcr  anil   si-conii   'IrviiiK-tube   an-  also 

iiiKiiC  (if  f^tut  »et  up,  iiikI  when  the  air  hn8  Imm-h  rlis- 

ilijiliivl  tn  the  nxiflK.     Thi<  nctinii  id  »t  flr»t  very 

•It  the  npiH-iirniiC'"  of  ijniilinn  ;   but  us  tli<! 

-  iiiiiri'  sUii;i:isli,  nnd  re(|uircs  tlie  appli- 

Vii  illwt  its  <x>iii|>h-ti(>n. 

.in  (•ml,  mill  llie  apparatus  porfnctlr  c«x>l,  the 
.  i..  1.  rlry  tiir  is  dmwii  thrnu;;li  tin-  whole  nrrniige- 

id,  I  :ir>'  (iiscoiiniM-tiil  and  n^wi-iifht'd.     The  Ions  of 

«T  ..^  iiKyj;eii  ;  the  c.itn  of  the  reieiver  and  its  dry- 

..  iiulicaus  the  water ;    mod  the  difference  between  the  two,  the 
n. 

Minents,  made  in  Paris  in  the  year  1820,  by  Diilong  and 
!»  a  mean  result,  for  th*  coni[>nsition  of  water  l>y  weight, 

■  >•■■   ;.^Li ;     i  vic.u  to  I   part  hydroyen  ;   nniiilxTS  so  nearly  in  the  pro- 
;»'r;ii.ii  it  ^  !'•  1,  thai  llie  latter  have  iisiirilly  l»'i'n  a^snuiixl  tn  lie  true, 

'  '!>    <>•■    -"i.i.i   has  Ixvn   reinvesti(iated  hy  DuiuaH,  with  the 

and  the   above  supp«ittition    fully  conllmied. 

miiy  therefore  Iw  conn  id  i' red  as  eslaVilislied  ;  it 

i.i  S  p.-irl«  oxygen  t<i  1  port  hydrogen,  and  hy  measure,  1 

■  '1  v"Iiiin»*«  hydrofcen.     The  densiti*'!*  of  the  gas(.*s,  as  al- 

"1  very  closely  with  thi>8e  ritiults. 

I   water  are  too  well  known  to  nee<l  len^Hhened 

i..iti      «  [.  if  colorless  and  transparent,  destitute  of  taste 

<r,  oikI  ati  1 1-  bad  corid>ietor  of  eliHtrieity  of  low  tension. 

..-     I-   .1    ..     .    .  ..-ity  towards  4.. 'rO  C.  (4i.io  K.),' freezes  at  (to  C. 

.lis  undiT  the  ordinary  atinosplierie  pressure  at  or  near 

I.      It  nra[>orat<M  at  all  temperatures. 

it  f>i  a  onbie  ei-ntimetre  of  water  at  the  maximiini  density  ig 

.1'  unit  of  weifElit  of  the  metrical  system  ;  and  calliKl  a   gram  ; 

n-  a  litre  or  cublo  d.'cimi'tre=:  IIMI  ouhie  rentimetres  of  water, 

iiflnperalure.  wi-iuhs  KM'K  grams,  or  1  kilogram. 

'     ■  water  at  li'JO  y.  weighs  2^)2.4.^  grains  :  a  cubic  foot  weighs 

••s  avoirdnpois  ;    ami  an  im{K'rial  gallon  weighs  70,000 

iV.iinl  iifiiis. 

■r  than  air.     Tn  i»ll  ordinary  otwervation,  it  is 
t  rile  experiments  have  nevertheless  shown  that 

^iitja  lu  •  ■uiall  extern  when  the  power  employed  is  very  great, 

•  \»ronllnt  »•  Dufour,  Ihr  »fi«(lfl(<  »Ta»tty  of  Ice  It  0.9178 ;  wal<ir,  th»r«for«,  on 
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tbe  diminution  of  volnme  for  each  atnioaphere  of  pressure  being  »1 
!)l-milli<>utli8  of  lli«  wliolo. 

("Ii-ar  wattT,  altlinu^jU  eolorleas  in  »niaU  bulk,  is  blue  liki>  the  nt 
I>liL-ri;  when  vii-Wi-il  in  nia?(s.  This  is  swn  iu  tli"-  divji  ultraniarint>  tint 
thi;  ucoan,  and  jH-rliups  in  a  §till  more  iH-autiful  manner  in  tin-  lakf« 
Switzerland  and  iilliier  Alpint;  vonntriea,  and  in  the  river«  which  issue  fn 
them,  the  sliyliteHt  admixture  of  mud  or  suniwudwl  impurity  dextroyii 
the  elfeet.  The  same  mu>;niflc<'lit  «'li>r  iii  visible  iu  the  fissures  and  eav 
fiiund  in  the  ice  of  the  glaciers,  which  is  iisuull/ extremely  pure  and  trai 
pan-nt  within,  although  foul  n|Miu  the  surface. 

The  siwcillc  gravity  of  steam  or  vaixir  of  water  is  foun<l  by  experirai 
to  Ih!  (l.tiLi."),  coiiipareil  » itli  air  at  the  smue  temperature  and  pressure,  i)r 
as  oompariMl  Willi  hydrogen.  Now,  it  has  Ijeen  alroaily  shown  that  »"» 
is  oomp<«tHi  of  two  vttl  jmes  of  hydrogen  and  one  volume  of  oatygeu  ; 
if  the  weight  of  one  volume  of  hydrogen  be  taken  as  unity,  that  of  t' 
volumes  hydrogen  (=2)  and  one  volume  oxygen  (=slt>)  will  together 
make  18,  which  is  the  weight  of  two  volumes  of  wat«r-va|>or.  Conse' 
quently  irutrr  in  the  Ktatr  nf  vttjtor  nmsistn  of  tiro  rtJvtutA  of  hifdrngfn  and 
ri>ttimf  o/'  oxiftfen  coniientirtJ  into  two  rttiuinrji.  A  uiethiul  of  demonstrating 
imi>ortant  fact  by  direct  experiment  has  been  devised  by  Dr.  Ilofm; 
It  consists  in  expUsling  a  mixture  of  two  volumes  hydrogen  and  one 
umo  oxygen,  by  the  electric  sp.irk,  in  a  eiidiouieter  IuIh-  inolosed  in 
atmosphere  of  the  vapor  of  a  liquid  (amylie  alcoliol)  which  Ixiils  at  a  tem- 
perature considerably  above  that  of  Iwiling  wati-r,  so  that  the  water  pro- 
duivil  by  lliu  couibinatiiiii  of  the  gases  remains  iu  the  slate  of  vaptir  iiisl 
of  at  once  condensing  to  the  liquid  form.  It  is  then  seen  that  the  th 
volumes  of  mixed  gas  are  reduced  after  the  explosion  to  two  voluui<"».* 
Water  s<'ldom  or  never  occurs  in  nature  in  a  slate  of  perfect  puri 
even  the  rain  which  falls  in  the  opi'U  country  contains  a  trace  ol  am: 
niaoal  salt,  while  rivers  and  springs  are  invariably  contnminatt'd 
greater  or  less  extent  with  soluble  matters,  saline  and  organic.  Sini] 
nitration  through  a  porous  stone  or  a  l>ed  of  sand  will  separate  su8j>eu( 
impurities,  but  distillation  alone  will  free  the  liquid  from  tht>se  which 
dissolved.  In  the  preparation  of  ilistilbxl  water,  which  is  an  article 
large  wmsumption  in  the  scientitic  laluiratory,  it  is  pri>i>er  to  reject  the  flrst 
portions  which  pass  over,  and  to  jiv.iid  carrying  tlie  distillation  to  drym 
The  priwess  may  Ite  ecmducted  in  a  nif-tal  still  furnislu'd  with  a  worm 
comlenser  of  silver  or  tin  ;  lead  must  not  be  usiil. 

The  ooean  is  the  great  recipient  of  the  saline  matter  carried  down  by  Hie 
rivers  which  drain  the  land  :  heni'e  the  vast  accumulation  of  salts.  Tbe 
following  table  will  serve  to  convey  an  idea  of  the  ordinary  composition d| 
sea-water  ;  the  analysis  is  by  Pr.  Schweitzer.t  of  Brighton,  tbe  water  fefl 
ing  that  of  the  British  Channel  : —  U 

ICKIO  grains  contained —  fl 

Water 964.745  ■ 

Sodium  chloride 27.0r>9  ■ 

Pntnssiiiin  chloride O.'Ufi  fl 

MagTiesiiiiu  chloride  ,  ,•       3,666  ^| 

Magnesium  brnniido  ."•..,•         0.029  H 

Magnesium  sidpliate         .         .         .         .         •         2.296  H 

Calcium  sulphate 1.406  H 

Calcium  i-arlxinate    ......         0.033  H 

Traci.w  of  IiNline  and  Aminoniaoal  salts    .         .  .  .  •  S 

1(X>0.000  I 

•  For*  dracrlpllon  of  the  apparatus,  tee  Hofniflnn'*  Mndera  Chemistry  (IMA 

A  61.  ■ 

r  Phlhianiihletl  V.?ii)Br,  .Tuly  1839.  ■ 
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lla  .r--"-  -'•■->.   -.-^   '■■"'..'  to  be  1.0274  «t  15.50  c.  fC"    >•■  ■      «..». 
raimt  >-  i-^itv  uiiU  iMinpusition  brti  ut 

L.:i]    .  117  of  liir2;u  rivers,  or  iuaf^>  1  mg 

.1  imfirvgnatpd  to  a  gn-at  uxtent  with  loluMu 
rjlBi^.:  u   the  roL'kti  thi-y  traverse ;  Biirli  iiro  tlio  rariniia 

Mai>ra:  ■   '1  ovvr  the  whole  earth,  nnd  to  which  uieiltcinnl 

«itt«tMi  ni"  "   '""  of  the»o  hulJ  ferruas  oxido  in  anliiliiiii,  &nd 

ira  tiftrvf  ■  acid  gas  ;  others  are  alkaline,  pmlinMy  from 

"■••-••"in'-  '  -.:.  jrigin  ;  kuuic  cuiitaiu  n  very  notaliU- miaiitity 

'I HIS     Tlldr  tctuperaturus,  also,  are  as  variublu  aa  titeir 

^  uu  luiiny  oxides,  both  acid  and  basic,  with  great  cner^  nnd 

.-vnliitiiin  of  heat,  prtxiucing  compounrli)  called  hydroxides, 

'1  nnd  oxygen  in  tlie  iiro]mrtion  to  foria  water,  but 

wuter,  the  elements  of  the  two  bodies  in  combinuig 

imiiii:  uii'f  r-oie   ^i  Lliiuige  of  arraugL-iueiit,  thus  : — 

2KHO      PotOHtiiain  hydroxide  (potash). 


K  04.  Jin, 

C'liU'iuin  hydroxide  (slaked  lime). 
Siilplnir  hydroxide  (oiilphiirio  acid). 
J  ^'  "^  -J-  ii  j' '  :=  -J  ij< ',     I'hosphorus  hydroxide  (metaphosphorio  acid). 

In  trmrr  f^  t)ii«e  nmipounde   the  elements  of  water  are  retained   with 
nd  riK]iiirea  UigU  temperature  to  expel  them;  calcium  bydrox- 
;|ili'.  r«juire«  a  red  h<-at  to  convert  it  into  aubydrouM  calcium 
If,,                         h1  the  hydroxidi-s  of  potassium,  barium,  sulphur, 
lie  di'hydrafed  liy  heat  .iloue. 
r  a]>|>ears  to  combine  with  other  Ixxlii-s— «<nlls,  for 
III  ollii'rwonis,  without  alteration  of  atomic  arran^;o- 
u  are  cnlh'd    hydratei,  and  the  water  contained 
■nee  of  wliirh  has  jtreot  inlliieneu  on  the  crystalline  form 
— )•<  enlled   water  of  cry  »  t  all  i*  a  t  ion.     Water  thus 
lied  by  he.it.  mostly  at  ll't>-12l»  V. 
'.Ill,  different  quantities  of  water,  according  to  the 
lAiiif    ni  Mill.  1,  jiiey  hipiirjite  froiu  Eidution,  the  quantitythus  tnUvu 
Int.  for  the  neist  part,  ^rrealer  as  the  temperature  of  solidillcatiou  in 
;   tbUH,  wxliiini  carli-mnte  crystiilli/.es  from  solution  at  nnlinary  leni- 
1ur«-i    in   obliijiie   rboiiibiu   prisms    i-ontaininK   10  moleiuilns  of   water 
-t-  lOlI.O).    wberea*    at    higher    temiwratures    it    crystallines    as 
rill/i,  and  from  a  boiling  solution  in  rectangular  plates 
,  +  H.O. 
ifc  all"  bydrnles  r."\ll.Hl    cry  ohyd  ratoii,*  which  exist  only  at 
Ufr»    below  the  freezing   |K)int  of  water  ;   thus,  go<lium  chloriilo 
•liich  at  ordinary  temperatures  crystallizes  in  anhydrous 
— 2:»r.  ( — n.-i  p.)  with  lOl  molecules  of  water,  f"riiiliig 
-i-  till  (I  ri    or  2Nan  +  2in,n,  and  ammonium  cblorido 
HOIS    at  ordinary  temperatures,   Bolidillos  at 
Irate  containing  NU.Cl  4-  1211,0. 
p  niLf'-',  water  of  cryslalliialion  is  so  feebly  combined  that  it  prn- 
nrnt.-«  wbi'ti   the.  sabstanue  oontalnlng  it  is  exposed  at  ordinary 
1.  the  suit  at  the  same  line'  Insins  its  crystnllino 
Mjsiwder.     This   change,  rnllinl    efflorescence, 
_..  ...n.    1  •  ,„t|(i,ii  cnrlvm.ife  nnd  common  nliim. 
wliiih    are   very   soluble    in  water 
.. ^,:  ,1  . quantity  as  to  form  a  solution,  lUia 
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cUan^o,  wliich  is  exhibited  by  calcium  chloride  aud  potassium  liy<lToxi< 
(oauHtic  {>ota8b),  i8  called   dol itjncseoncu. 

Lastly,  tlio  solvfut  jiroporlii^s  of  watirr  far  expowl  thoso  of  any  i 
liquid  known.     Among  .tnlts  a  very  larfji-  proportion  arc  milulilp  to  a  grrati 
or  luss  vxl>.-nt,  tliti  Aoluliilily  uiiiially  iucruaiiing  with  tlm   teuiprratun-,  i 
that  a  hot  Haturattxl  Kolutiou  dojxwitii  cryBtals  on  owling,     Tht-ro  are  aftf 
eXL'optiousi   to  this  law,  onu  of  tliu  most  rt-nmrkablu  uf  wliich  is  can 
Bait,  tho  xohiliility  of  which  i»  nearly  th<*  samu  at  all  trMnpuratureii : 
hydrii\ido  and  certain  organic  Baltd  of  calcium,  also,  dnisulvo  moru  fro 
in  (»dd  thuu  in  hot  watiT. 

Kig.  lis  cxhiliit^  tlie  unequal  Bolnhility  of  dilTercnt  salts  in  water  of 
fciX'nt  teuiperatnrert.     Tho  /«'««  o/' «o/u/<i7iVy  cut  the  verlicuU   raLsed   fro 
]>uiiita    indicjitiiig   tli<i  temperatures,  ujKin    tho    lower    horizontal   line,  at 
heights  proix>rtii>iied   to  tho  nuantitica  of  Halt  dissolved  liy  100  parts  of 
water.     Thu  diagram  shows,  for  example,  that  HMJ  parts  of  water  dissula 
of  putassiuiu  sulpliate  H  parts  at  (P  C,  17  parts  at  5(F\  and  26  parts  I 

Solubility  of  Salti  in  100  partt  of  Walcr. 

Fls.  05. 
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inoo.  There  are  salts  which,  like  Mxlium  ohloridn,  jKissms,  as  niroady 
iucutioni'<l,  very  nearly  tho  Bamo  degrci^  of  .loluliilily  in  water  at  all  ti'in- 
poratunrs  ;  in  others,  like  potn-ssinm  sulphate  or  jKitai<siiim  chloride,  the 
soluliility  increasi's  directly  with  the  increineut  of  temperature  ;  in  others, 
again,  like  potassium  nitrate  or  [lotasshim  ehhaate,  the  solubility  augments 
niucli  more  rapidly  than  the  temi>erattire.  The  diircre.nces  in  the  dejiorl 
ment  of  these  dilTerent  salts  are  shown  very  conspicuously,  by  a  str.iigfc 
horizontal  line,  by  a  straight  inclined  line,  and  lastly,  by  curves,  the  oc 
Toxity  of  which  is  tumwl  towards  the  lower  horiiinntal  line.  , 

Tho  solubility  of  a  salt  isusunlly  represented  by  the  quantity  of  anhydmU 
salt  dissolviMl  by  lOO  parts  of  water.  It  is  obvious,  however,  that  snIB 
ooulitiuiug  water  of  hydration  or  water  of  crystallizaliou  cannot,  with! 
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Btts  ••f  tf-iDjvMl-nTe,  dt«B«olvB  i»  watvr  in  the  nnliydruus  stat*, 

Tlif  soliiliilit/ of  11  hviiiitt»t  Hult  (r«>- 

Irom  tliftt   ul  tiki:  aiuuv  «alt    iu  ttir  afl- 

alrvaily  olwiTvcst,  form   nu>rn  tliftn 

-  may  alboiliflVr  in  tbiir  s<.l<il>ilil_r, 

,.  -1,-1- TU,u,  i-oualsting,  iu  IDII  |.nrtB, 

a  aiiJ  47  jMirU  of  natvr,  whirh  is  >il>taiiK-J  iu 

-"liiiiu  sulpbuto  saturaUti  at  lOCO  (j.  i»  cotiliil 

lilt :  till!!    krJrate  is  much  uiori'  oolublc  than  Ibn 

i,  4-  loil/)  (<il«uU>T'»  salt),  wliicli  ilitfcre  from  the 

iliiin  fonu,  and  »iii!<i8ts,  in  lOO  parts,  of  44.2  |iurts  of 

55,8  |>JLrlH  uf  H:ktrr.     When  a  »ululi(iii  of  hiHliiim  HuU 

at  II'     '      '         i  fiiit  of  water,  aud  coolrd  In  llic  o'liiiiion 

loul  d.  y  irjst.ils,  the  salt  ■.■xiiits  in  ihi' fumi  of 

hydr^:  .      ....^  tall,  nlun   coming   in  toutai't  with  tho 

,  or  with  a  small  crrstal  of  i-onmiun  (■tniilMr's  gnlt,  in  »ud- 

Dcd   into  the  lesu  jmiIiiIiIi:  liydrnto,  part  of  «hiih  M'pnratcB 

tolution  iu  thv  form  of  lilanlior's  salt.     Froiu  I'O  to  3:>'-  (.'.  (li\fl 

',)  lualiiiin   «nl|>h»t«  di-'olvcs   as  tilaulMTa  salt,  tho  soluhililf  of 

iiture:  hi-ncf  tln>  rapid  riHC  of  thi' <  iirve 

lit.     Above  3;y3  I'.  (lUO  K.)  the  hydrate 

.  vvfu  in  solution,  Wing  inori'  and  moro 

vdroussolt  nti  llic  !•  iiiiHraturi' ininnsii!. 

r,  far  k-ss  Bolublo  in  llic  uubydrous  gtali', 

jniilion  ni  solabilitjr  of  the  salt  when   its  Hotutiou  is 

/>«i/yiii<. — When  a  solution  having  a  Rp.  gr.  grputor 

'd    into  a  cylindrical   gbiss    vitiscl,  and   tbi-n  watrr 

a|«>u  it,  in  »>uch  a  uinunir  that  tlio  two  laycrH  of 

>''i.  till-  sulwtnnn;  di!i»olvo<J   in  tlio  lower  li(|iiid  will 

into  tbi)  Mi|H'rnataiit   wat>'r,  though    thv   vikkcI  may  have 

ilii<lurl>i<l,   and    tbii    liiopcraturo    remain    unchanged.     This 

Jttiwnge  of  a  disDolviol  sulislimcv  froni  its  origiuni  solution  iuto 

iter,  taking  pluen  iiotwitb.standing   the  higlicr  specific  gravity  of 

tiuice  which  ojiihwcs  Ibis  pa8i<agv,  is  called  the  r/i/ZHiiiaii  of'  liquidt. 

tioniena  of  this  tliiriisiou   bavo   Ihk^u   clnltorately  invest igat(>d   by 

who  has  arrived  at  very  iui|H>rl.int  results.     Ditferent  substanix'B, 

(folulion  of  the  snnii)  ixmeentinlion,  and   under  other  similnr  rir- 

"  Willi   very   uiiei|iiul   velocity,      llydrmbloric  nciil,   for 

1  ilb  great»'r  rapidity  than  pot.nssium  ihlorido,  potassium 

idly  than  stxliiim  cbloridc,  and  the  latter,  again,  more 

\y  than  uingni«ium  Bulpli.ite  ;  gelatin,  albumen,  and  caramel  dilTnBH 

;l"wty.      DiiriiKifin  is  generally  fotuid  to  take  place  more  rapidly  at 

latures,     UiiTusion  \»  more  particularly  rapid  with 

,  Ibougli  not  exclusively,  for  hydroclilorii-  acid  and 

■li  •  highly  dilfusive  IkxIiom."    iJilTiision  is  sb'W  with  non- 

.   which,    iike  gelatin,   are   capable   of  foruiing   a  jelly, 

:'■ nre  met  with,     lir.ihani  calls  the  siilistanceg 

il  :U,  the  sulwtonces  of  tow  dilfusibilily  inlMJi. 

inn  with  which  ditferenl  oiilwtancea  are  en- 

ilii?  means  of  separating  them.     When  water 

^_  to  prevent  mixing,  upon  a  solution  contaiti- 

nllUei.  of  p..u,-.»ium  chloride  ami  Bo.lium  chloride,  llo-  moro 

sitim  chloride  travels  more  r.ipi'lly  upwards  than  the  li-sg 

Sintn  rJiloride.  and   nrr  niiiKuU'rnhUt  fMjrtlonx  o(  putnssium 

'  A,7ri«  rr.irhivi  thr  iipptT  Inycn  of  I  lie  ir.ttiT  iK'tore  the  »ciA\uto 
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oliloriiie  has  arrived  llicre  in  appreciable  quantity.      Tim  separationj 
rapiilly  dilTusiblv  crvhtaltojds  and  t>lowly  dilluslbtu  vollulds  Kucceeds 
bcttcT. 

A  more  perfect  fieparatinn  of  crystalloids   and   i-oUuids   may  be  act 
pliahed  iu  tlie  frilliiu'liig  uianiier  :    (irntiain  made  tl>e  iiujiurtant  oliset 
tiou,  that  certain  meiubraiies,  and  alsd  parchuient  paper,  when  in  ixmt. 
on  the  one  surface,  with  a  Kolution  cvintaining  a  mixture  of  <'r,»tallo(daI 
and  colloidal  suhstanc<<s,  and,  on  ttie  otiier  Hurfaoe,  witli  pure  water,  wilt 
permit  tlie  passage  to  the  water  of  the  crrstalloidH,  but  not  of  the  ivlloi^ 
To  carry  out  thi»  imjMirtant  luixle  of  separation,  which  is  de»ignat<<d 
the  term  iliali/sis,  tile  lower  mouth  of  a  pliiKS  vessel,  opi-n  at  top  and  botti 
(Rfi.  !Ui),  is  tied  over  with   parchment  paper,  placed   upon  an  appropria 
8U)>|H>rt  (fi):.  07),  and  tntusfernil,  together  with   the  latter,  into  a  far] 
vessel    filled   willi    water    (ti;;.  IIHJ  ;   or    the   vessel   may   Ik'  Busp<-nded, 
ahown  in  fig.  '.'H.     The  liquid  eontnininj;  the  different  «nl>slnn<'e»  in  soil 
tion  ia  then  poured  into  the  inner  vessel,  so  aa  to  fonu  a  layer  of  i 


Fig.  9«. 


Fig.  98. 


half  an  inch  in  height  npon  thn  parchment  paper.  Tlie  cryBtalloTdal  sn' 
Btane<'S  grailually  pa.ss  through  (ht^  iiarclimcnt  paper  into  the  outer  w«t.T, 
which  may  be  renewed  from  time  to  time  ;  the  collnidul  culistances  are 
almost  entirely  retained  by  the  liijuid  in  the  inner  vessel.  In  this  manner 
Graham  prepared  several  colloiflH  free  from  crystalloi'ds  ;  he  nhow«Ki,  more- 
over, that  poisonous  crystalloiits,  such  as  arsenious  aoid  or  Htryohnine, 
even  when  mixed  with  very  large  projiortions  of  colloidal  snbstaneca,  paaa 
over  into  the  water  of  the  dialyzer  in  such  a  state  of  purity  that  tUi 
presence  may  be  estaltlislied  by  re-agents  with  the  utmost  facility, 

C>.i«iu,<<'. — When  two  dilfereiit  lifniids  are  separalM  by  a  porous  dli 
phragm,  as,  for  instance,  by  a  mciubraue,  and  the  lirpiids  mix  throngh 
this  diaphragm,  it  is  found  that  iu  newt  cimes  the  iiuaulities  travelling  in 
opposite  directions  are  unequal.  Supixwe  thri-e  cylinders,  the  lower 
mouths  of  which  are  tied  over  with  hl,nddi-rs,  filled  ri-spi-ctively  with  oon- 
centrated  solntions  of  copper  sulphate,  sodium  clihu-ide,  and  alcohol,  and 
let  them  he  immersed  in  vessels  containing  water,  to  such  a  depth  that 
the  liquids  inside  and  outside  are  level  (fig.  KKl).  .After  some  time  the 
liquid  within  the  tulx-  is  found  to  have  risen  appreciably  above  the  level 
of  the  water  (fig.  101).  On  tho  other  hand,  if  the  cylinder  filled  wii 
j>uiv  water  be  immersed  in  a  aolntion  of  copper  sulphate,  or  of  sodii 
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nt  tn  Alcohol,  the  liquiii  In  ttic  cvlindrr  U  snen  to  diminiiih  aftir 

.  or  into 
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onph  tlip  W*dil<'r  inV>  llip  water.     Tin'  niixini;  of  rlioitiniilar  giiV«tanciM 
Dujjh  a  jKiniiic  '.iiai>lirs^'in  i^  iiilliil  mimixr.     Tlic  iiiL«i.»iij;i'  in  Inrjji.T  pro- 
'     •      ''iiiiil  iiilo  tini.illii'r  is  ili'«i^iinl«l  hy  tlm  tiTin  finmmar. 

uA  nri'  due  to  tlio  nttriii.lioii  wliicli  tin.'  two  li<)iil<la  liare 

111  to  tlicdilTervnci' of  tin- attraction  exermi-d  ly  llm  dia- 

apon  tlii.-si?  liqiiiils.     HliuldaT  tnkes  up  a  much  larger  (.(usntity 

«li»n  of  .1  dolution  of  S!»U  or  uf  alndiol.     Very  rarely  only  one  of 

iravi'rsrt  lliM  diapliraKiu  :  gi-in-rally  two  currents  of  unitiual 

■■•  in  n|i|iimili<  din-clious.   W'hi-ii  wilier  is  scparatctl  liy  an  ani- 

'•■n  of  Kiilt  or  from  nli-oliol,  not  only  i»  a  tranni- 

obKorvi-d,  hut  a  small  iiunntity  of  liydrocliloric 

I  .,  -.  *  oviT  into  tlie  water.     In  aonio  caix-s,  liowi-ver, 

•  j  in  iviiici'nlruti;d  solntious  are  on  one  siile  of  lti« 

ti  Ibe other,  tlie  lattex  alone  traverses  the  diaphragiu, 

i,  r  po-sKing  throii)>h  to  the  water. 

■Ives  gafie«.     Solution  of  pasi-s  in  w.iter  (or  in  other 

.iU„rittio»,  unless  this  solution  Rives  rise  to  the  formation 

iinds  In  deflnite  proportions.    The  phenomena  of  alixorp- 

I  ■    il.irly  filmli^l  hy  Runsen,  to  whom  wu  are  rn- 

<l  i-xaraination  of  thi.-i  subject. 

<(ual  nuanlities  of  the  dilferent  Rases,  and  very 

111  <  of  the  Bxine  g.o*  at  different  temperatures.     1  vol.  of 

«  .  1    the  ternperaturon  Htal<fl  in   the  table,  and  nnder  the 

|>r>9aure  ol  M>  inche«  of  mercury,  the  following  volomes  of  different  gaava, 
nuMaured  al  l>^  C.  and  30  Inches  pressure : — 


i 
n 


Nltroiren 

Curbon 

Oiyfeo. 

NItropen. 

Hjrilrogen. 

monnxltle. 

diuxlile. 

roc.      . 

.     I'. 041 

11.02(1 

(I.Cl!) 

1.31 

l.SO 

iro 

.         O    !•   '.,1 

0.(1  Iti 

0.0111 

0.!'2 

1.18 

a^i 

.      ii.U-S 

0.014 

0.019 

0.(i7 

0.90 

Bfclrocen  Sulphiirona 

Hydroehlo- 

Ammo. 

Clilorlne, 

nulplitde. 

onlue. 

rlc  «clil. 

dIa. 

tr>C.      . 

__ 

4.:i7 

53.0 

5or. 

IIHO 

lo- 

n   -.., 

3..'ifi 

3(5.4 

472 

8!tft 

acp 

2.!ll 

27.3 

441 

fitiO 

ao^ 

2.33 

20.4 

4ia 

53« 

40O 

.       i.J/ 

1.6ii 

JS.tf 

387 

4U 

t» 

^^ 
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When  th«  pressure  incresses,  a  li»r>;er  qiianlitv  of  ilii"  )_••';""  ■ 
Oasn*  modernli'lv  soluble    in  water  follow  in    their  soliii 
Henry  an<l  Unllon,  niKMirding  to  whiih  the  i)UBntity  oi   . 
|iro|inrtional  lo  the  prettsure.     At  ItP  C.  1  vol.  of  water  alMorlw.  untie 
])re.-5ure  of  I  atiiioB|>hen\  1.18  vol.  of  e«rlKiii  ijioxule,  meM>ureil  at  tiO  j 
under  a  iiri*«(ire  of  H<»  in<-lu«  mercury.     The  qu.Tntity  of  varlxin  dii 
dissolved  under  a  pre««urv  of  '2,  atinoHpliervi),  and  uiooHured  under  eon 
tioiiR  precisely  sioiilur  to  those  ot   the  ]ireviou8  experiuieutu,  <h|U« 
vols.     .Again,  1  vol.  of  water  di»i>oU"iw  uiuler  n  presHure  of  ^  alnnw 
<I,J9  vol.  of  carlion  dioxide  also  measured   at   (l<^  and   under  30  incfi 
mercury.     Oa»ea  whiuli  arc  excei-dingly  sohihle  In  water  do  not  ohey  til 
law,  except  at  high  teniperaturta,  when  the  sulubility  has  been  air 
ounsidernlily  diniintshud. 

It  deserves,  however,  to  be  notiwd,  that  the  pressure  which  rt»<ti»rniii 
the  rate  of  alMorption  of  a  pas  is  by  no  uienn*  the  general   i 
whivh  the  nlwirhiuj;  liquid  is  exi»08(.-d,  but  that  pressure  «  I 
under  ismtiideration  would  exert  if  it  were  alone  prisenl  in  lli.- 
whieli  tlie  nlwnrhing  liquid  in  in  vontact.     Thnii,  Hup|H>sinK  water 
contact  with  a  mixture  of  1  vol.  of  carlxin  dioxide  auil  ;t  vols,  of 
under  a  preSDure  of  4  atiuu^pheres,  the  amount  of  carlHin  dioxidoc 
by  the  water  will  hv  by  no  means  equal  to  that  whieli  the  wal» 
have  alwurbed  if  it  had  Iiim.'U,  at  the  same  pressure  of  4  atnimphem,^ 
contact  with  pure  cJirbon  <Uoxide.      In  a  mixture  of  earljon  ilioxide  a| 
nitrogen  in  the  stated  proportions,  the  carbon  dioxiilc  exercLses  only  {, 
nitrojjen  only  J,  of  the  total   pre»Hure  of  the  gHBeous  mixture  (4  alt 
pheres)  ;  the  partial  pressure  due  to  the  earlxm  dioxiile  is  in  thtfti 
atmosphere,  that  due  to  the  nitro;,'en  3  atnimpheres  ;  and  water,  \ 
exposed  to  a  jiressure  of  4  atmospheres,  cannot,  under  these  cirt;uiiil 
absorb  more  carbon  dioxide  than  it  would  if  it  wcro  ia  contact  nUh  j 
carbon  dioxiile  under  a  prrasure  of  1  atmosphere. 

It  is  ne<x<89ary  to  lnvir  this  in  ndnd   in  order  to  nnderntand  why  thi»  i 
which   is  absorlnsi  by  water  out  of  the  atUKUphen'  dllb'rs  in  iinniMwitl 
fiom  almosiibiiic  air.     The  latter  consists  very  nearly  of  2\  vols,  of  ( 
sen  and  7!'  vids.  of  nitrogen.      In  nlmospheric  air  wbUli  aetc  umler  a  pn 
sure  of    I    atniospheri',    the  oxypen  exi'rta  a  purlini  presnurx  of  ,»,>,, 
nitrogen  a  partial   prl^ssure  of  ^ne  iitmoBpliere.     At  10  t'.  1  vol,  of 
(see  the  ntiove  l;ilile)  alraortis  tt.dilj  vol.  of  oxytten  and  O.tllC  vol.  of  nit 
gen,  8up|H>sini;  thiiie  (fasi-s  to  act  in  the  pun-  state  umler  •  pres-utv  i 
atmospliere.     Hut  undi-r  the  partial  pre!«sure»  just  indicated,  wnt^r  of  ' 
C.  cannot  absorb  more  ibaii  -^^^  X  <'.0:13  =»  O.I>ti7  of  oxygen,  and  ,*," 
0.010  =  0.13  vol.  of  nitroKcn.     In  II.<HI7  +  0.13  =  O.tTJO  vol.  of  the  , 
ousiuixturealworbed  by  water,  there  are  conifmiuenlly  0.tHi7  vol.  of 
and  0.013  vol.  of  nilri>)ieu,  or  in  20  vols,  of  this  mixlun-,  7  vols,  of  oxj 
and   13  vidi.  of  nitrogen,  or  in  litfl  vids.  of  the  gOBCoui!  niixluro, 
of  oxygen  and    tl!l  voIk.  of  nltrop-n.     The  .lir  contaimil   at   the 
iteni|M>rature  in  water  is  thus  .seen  to  Im  ynry  much  rii-her  in  oxygt 
•irdinary  atmcwpherie  iiir.     This  pro|M'rly  nt  water  lo  alworb  oxytren 
the  air  more  readily  than  nllrogen  box  Isn'n  applied  to  the  prepaintii 
oxyijen  for  induslriaJ  use,* 

Air  is  pn-sswl  Into  water  by  means  of  n  forcinir-pump,  »tid  thu  km 
which  (o<c«pe  OH  diudniklr       M        -  --        '  '     •    *  .    .i  .   -.  :,  .  .-  ., 

nielit  eight  timex  in  i,ii< 
tained.     The  followiuK  <>' 
■t  each  tuoocsUve  stage  — 

•  Ma  Ittt,  UlB|l<r'*  rolyl.  Journal, axeta.  ILl 
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Oompcnilloi!  after  auoeeMlvc  prcMuru, 


r-" 

1      1       2 

s 

4 

8 

s 

7 

8 

k 

.  7tf    (J6.«T  i  r>2.S 
.  21    33.33    47.5 

37.5 
U2.5 

25. U 
70.0 

15.0 
85.0 

9.0 
01.0 

6.0 
»S.O 

2.7 
97.3 

■  flont&ining  a  ]i»a  in  snlutinn,  when  vsposerl  in  •  varunm  or  In  a 

■'        jfLS,  allowi<  tlu"  j;s»  titisnrlK.'d   In  t'»c»|>o  until  thtt 
iicls  »i(li  tlif  ."linrf  of  the  pn-Bsiirr  In-lonKinc  ten 

i.ttti-r  Ix- vonjitiiiitl/ ri'iiioveil   \>y  a  jKiwcrrii)  ab-1 

;  gnml  uir-jiii)ii|(,  it  is  ill  iiiost  caw-si  ciixv  tu  s"iinrnli'  <■ 

::i  till"  w:«l<T.     TIjc  BitiDn  TJ-siilt  is  ol'laiiiiHl  wlioii  \vnl4T  I'l-n- 

II  ixilutioii  iii  rx(K>snl  in  a  spatv  of  «>mpnrnliv<'lv  iiillnite 

<   nn«th«r  gas.     \Val<-r  in  wliicL  niliugen  iiiiiiinxi'lc  iti  tVm- 

tiie  lAttur  fiiliri'lv  liy  iiiiti"  i-xjiosiire  to  llu'  .itui<is(>lieri',  and 

'Ivtxl  cannot,  at  mty  iiir)inc-iit,  vxiTt  nmrt.-  t)iiin  an  inntiiti-ly  sniitU 

muri'.     II  wnliT  U-  fre-ii   Iroui  gnsi?a  li_v  i-luillilion,  the 

D  partly  iiimhi  thu  iliiuinutlc.iii  of  tin;  sululiility  by  the  iii- 

turf,  partly  ul«o  iijxm   the  formation  oliovo  the  siirfttie 

•  oonNlanlly  rvntfwed  atiuoisphere  into  which  tlie  goa  stilt 

111'  liijiiid  niny  i-soope. 

i  which  an-  ttl>sorln«l  in  lnrg<»  (|n.intiti(>s,  and  very  quickly  hy 
chloric  aiiil,  for  iimtflno^— oaiiiiot  lit-  perfectly  expi^Uwl  either 
tmcttMl  attion  of  aiiutlicr  gas  (cxjioaure  to  the  atmosphere)  or 
on  ;  In  such  costw  the  li(iiiMl,  still  chargtil  with  gas,  evaporates 
rheu  it  has  a-ssuiutKl  a  certoiu  couiito-iition.     Tliis  comjKMiitioii 
rever,  with  the  teiii|>i'rature  if  the  liquid  bo  8ubmitte<l  to  a  cnr- 
anil  with  the  preissure  if  it  be  lioileil. 
1  also  lose  the  goa  they  contain  in  solution  by  freezing :  hence  the 
bUtiD  in  ice,  which  consist  of  the  air  which  had  Ijeen  alworbed  from 
liert)  by  the  valvr.     Lias  is  retained  by  liquids  at  the  freexin^ 
>  only  when  it  lorms  a  chemical  combination  in  delinite  propor* 
"]uid.     Water  containing  chlorine  or  sulphurous  acid  in 
rithout  evolution  of  gas,  with  formation  of  a  solid  hydrate 

>  gases  more  copioasly  than  water  containing 

.  water,  for  instance).     If  in  some  few  cagi'S 

are  observed  to  tAke  place,  they  appear  to  depenri  njKin  the 

Jon  of  feeble  hot  true  chemical  com|)Ounds  in  definite  proinirtioii  ; 

that  ciulNin  dioxide  is  more  copiously  al>8orl)ed  by  water  contnin- 

Inm  phosiibale  in  solution  than  liy  pure  water,  may  perhaps  be  ex- 

ner. 

■  li«l  in  •  strong  vf<8»«>l  to  n  temperature  above  that  of 

f^ 1,;  jioint.  its  solvent  powers  are  still  further  increased. 

AomhI   in  the  upper  part  of  a  high-pressure  stcam-l«iller, 

tC.  (;l(K»0  F.),  jdeies  of  plate  ond  crown  glass.     At  the  ex- 

nn  (.T  four  mouths  the  glass  was  found  coniph'tely  corrtKled  by  the 

<-.f  t1i<-  waU-r;  what  remnlned  was  .i  white  mass  of  silica,  destitute 

■  slalai-lllits  of  Bili.'.>ous  matter,  above  an  inch  in  length, 

ibe  little  wire  c.'ic"  which   inclos.Hl  the  glass.     This  cxperi- 

/]•  -  which  may  be  produced  by  the  nrlion 

i-  I,.,  interior  of  the  eortb  upon  felspatliio 

fck-.      ....    , 11  i»  manifest  in  the  Onyser  Bpriini;s  uf 

which  lU'fMmU  nJllctmun  sinter. 
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Bydiogen  Dioxide,  H/^ii  a<>mi'tinn>a  piiIKhI  Oxttynmtnd  water,  U 
i»jtui-wljii;;lv  inli-rcnliii);  siilistaiiiv,  but  very  difBeiilt  uf  jirci)aralion.     It  I 
foriiK.ll  by  (lit>si>lviii^;  barium  ilioxidi-  in  (lilulc  liydroililnric  ncid  careful^ 
uoolwi  by  ic'<>,  aud   tbeii  jircfipitatiiig   the  barium  by  sulphuric  acid ; 
uiCt.'HHS  of  oxygen  of  the  dioxidt-,  iiititi-od  of  being  diseugag(>d  a«  gas,  unit 
with  a  (Kirtion  of  the  water,  and  convertH  it  into  hy<ln>gen  dioxide.     Ttl 
treatuiunt   ia  repeated  with   the  »amu  solution  and  fretih   p<irtioii8  of 
barium  dioxide,  until  a  considerable  quantity  of  the  latter  has  been  con- 
sumed, anil  a  eiirrespuiuling  umouiit  of  the  hydrogeu  dioxide  formiil.     The 
liijuid  yet  eoiitniiiii  hydrinliloric  arid,  to  get  rid  of  which  it  ia  trealtrd  in 
Buceession    with   silver  Midplmte   and   baryta   Hater.     The  whole  proctws 
requires  the  utmost  care  and  attention.     The  barium  dioxide  itself  is  pre- 
parivl  by  exposing  pure  baryta,  eontained  in  a  rij-hol  l>oreelain  tul>e,  to 
a  stream  of  oxygen.     The  s<ilution  nf  hydrogen  dioxide  may  be  i^oncentrated 
under  the  air-pump  riH«-iver  until  it  aajuiretj  the  specific  gravity  of  1.45. 
In  this  state  it  presents  the  aspect  of  ji  colorless,  trantipareul,  iuodoroiu 
liquid,  possessing  remarkable  bleaching  powers.     It  is  very  prone  to  i 
com{x>sitiou  ;  the  least  elevation  of  tenipeiulure  causes  effervi-scence,  dd 
to  the  escape  of  oxygen  gas  ;  Uear  IIMP  C.  it  is  decomposed  with  explosil 
violence.     Hydrogen  dioxide  contains  exactly  twice  as  much  oxygen  i 
water,  or  Iti  parts  to  one  part  of  hydrogeu. 


KITROOEN. 

Atomic  weight,  U;  lymtKil,  N. 

NiTBOoEN*  oonstitutea  almut  four-fifths  of  the  atmosphere,  and  en(( 
into  a  great   variety  of  combinations.     It   may  be  prepared    by  seva 
methods.     Due  of  the  simplest  of  these  is  to  burn  out  the  oxygen 
oonfiued  portion  of  air  by  pluHphorns,  or  by  a  jet  of  hydrogen. 

A  small  )>>>rcelain  ciiiisule  is  floated  on  the  water  of  the  pneumatic  troug 
knd  a  piece  of  jihospborus  is  placed  iti   it  and  set  on  fire.     A   bell-jar] 
then  inverted  over   the   whole,  and   suUVred   to  rest  on  the  shelf  of 
trough,  so  as  to  project  a  little  over  its  edge.     At  first  the  heat  causes  ex- 
pansion of  the  air  of  the  jar,  and  a  few  bubbles  are  expelled,  after  wUio 
the  level  of  the  water  rises  considerably.     When  1 ' 
phosphorus  becomes  extinguishetl   by  exhaustion  ( 
/^  the  oxygen,  and  time  has  been  given  for  the  snt 

^'''^^Sv  deuce  of  the  clond  of  finely  divided  snow-like  phd 

/^  \  phoric  oxide  which   floats  in   the    residual    gas, 

nitrogen  may  Ih<  transferred  into  another  vessel, 
its  propertii-s  examined. 

Prepare*!  by  the  foregoing  process,  nitrogen  Ls  cfl 
laminated  with  a  little  vapor  of  phosphorus,  whilJ 
mmmiiiiicateii  its  peculiar  ixlor.    A  preferable  method 
is  to  tin  a  i>ore<>luin  tuln-  with  tnrnings  of  copper,  or, 
still   Iwtter,  with   the  s|>ongy  metal  obtaiuod   by 
duiing  the  oxide  vvilli   liyilrogen  ;    to  hejit  this  tn 
t"  rwlni'ss ;  and  then  pass  through  it  a  slow  strei 
of  utmosplieric  nir,  the  oxygen  of  which   is  entL 
remove*!,  during  its  progri'ss,  by  the  heated  coppejf 
If  chlorine  gas  be  passixl  into  soliiliou  of  nmtannia,  the  latter  sali8t«n 
which  is  a  comjHinnd  of  nitrogen  with  hydrogen,  is  d(H>omposod  ;   the  oil 
riae  ooDibuietf  with  the  hydrogen,  and  the  nitrogen  is  set  f^ee,  with  effor- 

'  «.  <•.,  Oraerntor  of  nitre  i  also  cnlted  Asotf.ttom  ii,v'^'«''^\i*,<k»4  5"",  life. 


Fig.  103. 
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In  tUbi  ru»niirr  rrrv  pure  nitroften  can  beoblaiiiod.    In  roskiiig 
till  III,  it  in  II  stop  gliurt  iif  natumtiug  or  dronniinsitii; 

(t;-  f)if*  4itiiii>M  ^^  Ui^   tlicrt*  will  Ih-  i;rt<at  risk  of  acriiloiit 

I  .■■  cuuijuiuuil,  Jin>- 
.11. 

,..■ iiing  pure  iiitrojfrn 

I    iiitriti'  with   niuuioniuru  (.-liloride 

.., .,    _   ^.        ;      ^  ■   !<■  ii»  (irt'pareil  hv  p.i!>siMp  tin*  ritl 

T^imrs  of  nitrous  aLiil.  ohiAimvl  l>y  huatiu);  dilul«  nitric  .iiiil  with  gtnrch, 

mlo  a  tolatiou  "t  caUDtir  ixitAsh.     On  boiling   the  resulting  solution  with 

I'jniAo,  n)tro);cn  gas  ig  xvulrKii,  wlillv  putASHiuiu  cliloridu  remains 

i'jo.     The  reiutiuu  ia  reprcsen U"]  hy  the  eiju.itiiiu, 

KXO,      +      NH.fl      =      KCU      -I-      211,0      4-       N, 

Pot«*«luia  Ammuuiuiu         Fo1it««iuin  Water.  Nltru'xeo 

nilditw  chlorlUe.  cliluriile.  gi: 

Ililni|;*<n  in  <i«ititute  of  color,  taste,  and  o<lor  ;  it  ia  a  littl?  lighter  than 

gj.     ..  .!..„,;.,.  iw,ng  0.97i.     A  lilrv  of  th«  gas  at  iXJC.  and  VUO  mm.  baro- 

Bi.  iglis  1.25(J>'iS  Kraui.      liMi  luliic  ini-li<-9,  at  15. a'^  C.   (liOO 

T  baroanjtwr,  «-i?i(:h  30. 14  };rniiia.    Nitro^>?n  ig  inoflpubloof 

lubiution  of  animal   life,  although,  liku  hyilrogcn,  it  lias  no 

■  iiuus   propi-rtins  :  nnilher  in  it  »"lubl«  to  any  notable  extent 

ut   caogtia  alkali  ;    it  15,  in   fact,  b«et  oharavterized  by  negative 

Mpherlc  Air. — The  exact  oompositinn  of  the  atmosphere  haa  re- 

i-  I II  made  tlit<  Kubjwt  of  exiK'rimeiit.il  research.     Besides  nitro- 

;"n,  the  air  contains  a  little  carbon  dioxide  (carlmnio  acid),  a 
'    proportioo  of  aqueous  vapor,  a  trace  of  ammonia,  and,  per- 
ba|M.  a  little  carburettud   hydrogen.     The  oxygen  and  nitrogen  arc  in  a 
tat  luixtuio,  not  of  minbiuation,  yet  their  ratio  is  always  uniform. 
•  Uaa  born   brought  from  lofty  .Mpine  heights,  and  eonipared  with  that 
I  llie  plains  of  K(y  jit  ;   it  has  been  brought  from  an  elevation  of  il,IHKt 
''l-uin  :  it  has  Ixvn  collected  and  examined  iu  London 
•  ilicr  places  ;  still,  the  projiortion  of  oxygen    and 
■  ■rml,  the  diffusive  energy  of  the  gases  lieing  ade- 
iMTfe«!t  uniformity  of  mixture.     The  cnrlioii  dioxide, 
ich  inllueuceil  by  local  causes,  varies  considerably. 
lie  proportions  of  oxygen  and  nitrogen  are  given  on 
^.  and  the  carbon  dioxide  on  that  of  De  Sanssnre: 
ivery  of  wliieh  in  atmospheric  air  is  due  to  Liebig, 


la  too  ainall  in  quantity  fur  direct  estimation. 


Compomtion  of  the  Almnnphm'. 

By  welKht. 

77  part«. 

.       23     " 


By  meiBur*. 

70.  in 
3<i.81 


Nltrog.'n 

Oxyg.M   ....  

100  100.00 

|;..vi.i,  fmm  3.7  measures  to6.2mpaflure»in  10,000  measurea  of  air. 
•iable,  dejHindjng  much  njion  the  temperature. 


»  On  tho  n^rlpf  by  the  Ft^nrti  KtoArmv  of  the  InfelHirence  of  the  lln«pr«etlon 

•■      ~  ..1  ..l.t  llDwl 


ot'-w^rii     V  M.   Piolf-I    III    l.'li.  If  «>«   .ii.iiiiiiii.i-.l  Hint  M   Cnllletrt  I.' 

th'                                                                                                       '.!h  rnrboD  ir-  -'fo- 

(»                                                                                                                    •   iMnllOe  on  )el 

fif                                                                                   _-.'«>  «',)  nnh  ■  >ry 

•lioi'i,— 1»  ftu«H'e««  uul  e*ia*i  Uj  iUe  vuuiletumlluu  uf  oarbou  dluaiUit  at  uiU'OU^ 
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Dr.  Prankland  has  nnnlyznil  :fiunpli>8  of  air  takpii  liy  himself  in 
valley  of  I'linmonni,  on   the   8Uiiiiiiit  uf  Mnnt   lilanc,  and   at  Uio  UraiM 
Hulct8.     TUu  fullowiug  ar<<  tliu  resulU  of  hit*  aualysva  : — 

CarbOD  Dioxide.  OxTgcn. 

Chttinoiini  (3000  feet)  .         .         .     0.0(53  ■JJJ.bXH 

Orauds  Muk-ts  (11,000  feet)  .     O.IU  20.802 

Mout  Blauc  (lf),732  feet)      .         .     O.OtJl  20.903 

A   litre  of  pnre  and  dry  air   at  OO  C.  and   760  nun.   presgnre 
1.2936U  ({riuus.    1(H)  eiit.ie  fiiehes  at  15.50  C.  ((50O  F.)  and  30  inches  baroi 
weigh  30.935   grains :  heuee  a  cubic  foot  weighs  536. SU  grains,  which 
j},  of  the  weight  of  a  cubic  foot  of  water  at  the  same  teiiijx'ratur*^. 

The  nnalyaia  of  air  is  very  well  effeeti-d  by  j>a.s.siiig  it  over  finely  divid 
I'opper    containtxl  in  a  tube  of   hanl    glass,  carefully  weighed   and    th 
heated  to  redness :   thu  nitrogen  is  sull'ered   to  (low  into  an  exhaus 
glass  glolie,  also  previously   weighed.     The    inureasv 
weight  of  the  copfK-r  .ifter  the  experiment  gives  Iheauioui 
of  oxygen,  and    the  increase  in  weight  of  the  exhaus 
globe  gives  the  nitrogen. 

An  eaaiur  but  less  accurate  method  consists  in  inti 
duein;;  into  a  pra<luated  tube,  standing  over  water, 
known  <itiautity  of  the  air  to  be  examined,  and  then  pass- 
ing into  tile  latter  a  stick  of  phosphorus  allixe<l  to  thu 
en<l  uf  a  wire.  The  whole  is  left  fliiout  twenty-four  hours, 
during  which  the  oxygen  is  slowly  hut  completely  ab- 
sorlHMl,  after  which  the  phosphorus  is  withdrawn,  ~ 
tlie  residual  gas  read  olT. 

Liebig  proposed  the  use  of  an  alkaline  solution  of  py 
gallic  acid   (a  substance  which  will  be  descrilNnl  in 
department  of  organic  chemistry)  for  the  absorption 
oxygen.     Tlie  al)Sorptive  jxiwer  of  such  a  solution,  whii 
turns  deep  black  on  coming  in  contact  with   the  oxyj 
ia   very   considerable.     Liebig's    metlio<l    Mimbines   gr( 
accuracy  with  unusual  rapidity  and  facility  of  executi 
Another  plan  ig  to  mix  the  air  with  hydrogen  and  pass  an  electric  spi 

through  the  mixture  :  after  explos 
the  volume  of  gas  is  read  off  and  coi 
pnre<l  with  tli.it  of  the  air  employed 
Since  the  analysis  of  gaseous  Ixxlies  bj 
explosion  is  an  oiM-ratiim  of  great 
portance,  it  may  lie  worth  while 
deseriU^  the  priKH-ss  in  detail,  oa  it 
applicable,  with  certain  obvious  Torl 
tions,  to  a  numl>er  of  analogous  caae*. 
Instruments  for  this  purpose  are 
called  euiliometers.  The  simpli 
and,  on  the  whole,  the  most  convenie: 
consists  of  a  straight  graduated  gl 
tulw  (fig.  10!))  closwl  at  the  top, 
having  platinum  wires  inserted  in 
the  dosed  end,  to  give  passage  to 
electric  spark.  This  tulK>  is  filled  wii 
mercury,  and  inverted  in  a  mercurii 
piiMiiiiiaflo  trough. 

Hor  the  analysis  of  air,  a  quanti 
BulHcient  to  till  aliout  on«>«ix1h  of  thu 
tube  ia  itiVToiUvied,  e.Q<l  its  vgljfpie 


Fig.  103. 


■ed. 
I  bj_ 
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iftr 


lo)uDM>  ' 


.\u 


ssifrtaitifwl   bjr  rt>ailin|;  iiff  with  *  t«'le*cnp«>  th<>  namlwr  of  lh« 

'■I  vrhioh  llie  lunrcary  vun't  -■  tin-  li>'i|;lit  of 

:v  ill  till)   tuliv  aIkjvh  til"  ii  lll>'^  k  illi  llint 

''       '  '  llii'  Jiir.  .tri'   ,'ii?u   ri'U'i  oil-     A 

I.  more  than  tiiiflicli-ut  to  unito 

,  ..    ..:  1 :u"  voluiiit*  of  till'  ail),  ami  tli* 

J  I  [iri'ssuri'   fXvTli^l   miou   it,  ari<  il<<t(<niiiiii«l  iw 

I'  now  [iii»<<e<i  tliroiigli  tliu  mixturi!,  i:nri<  tiuiiig 

aa,v  (iivain*,  hy  \trr»sin)i  tlii>  0]>hii  eiiil  of  the  rudininotnr 

f  mIk*!    <-i>"(itrIiou«    uiiilor   tin?  miTcury  in   tliu   trough. 

lA  n^aiu  dt'tennitiiHt,  and  Is  fniiini   to  b« 

II,     Tlip  ruliimv  of  gas  roail  olT  uiiint  in 

luKi  jirusHUro  luid  tciuperaturu  by  tlii>  method 

■  is  in  fxptfss,  Btifl  2  volumi-s  of  thnt  pns  unito 
riimi  wnti-r,  one-third  of  thi'  diiuiniition  must 
contained  in  the  air  iiitroduutxl.     An  i:&iuuj>le 


Air  ititroduced 


I 


Air  uid  bjrilrogi-u  . 
Votunui  after  explo<iion  . 


Uittinutioa 
63 


100  meosnres. 

lUO 
97 

03 


--=  21  =  oxygen  in  the  100  luoaAurta. 


Compoiuidt  of  Xilrogen  and  Oxygtn. 

Tkcfw  aT«  Ata  distinct  tx>mpouud<  of  nitrogen  and  oxygen,  thna  named 
•ad  aoQittitul<K{ : — 

CompoHitlnn. 

By  wclKht-  By  volume. 

Formula,    Nltrogeo.    Oxygen.    NitrogeD.    Uxygca, 

Honoxhle >\i)  28  16  2  1 

Ditocido N,n,orNO  28  32  2  2 

Trioxide.  or  Kitroua  oxide  N,0,  28  48  2  3 

TMtruxiilii N,(),orNO,  28  &4  2  4 

PeiiloxidH,  or  NilHc  oxide  N,U,  28  80  2  6 

•f  thoso  nniubcrs  will  »how  that  tho  qaantitles  of  oxrg<"n 
ti  .   a  (;l'^"n  i|U.'«nlity  of  nitrogen  are  to  one  another  in  the 

I.  1 .  2.  \  4,  5, 

i   fifth  of  the  componndB  in  the  lahle  are  capnlilo  of 
t.  H  of  water  and  of  mctallio  oxides  to  form  snlte  (p, 

1.  It  hyponitritHH,  nitrites,  and  nitrates,  the 

li  ..  ._.:         ...^  oiso  called  hyponitrous,  n  itrone  ,  and  ui  trio 

a  I  III. 

Th<>  nnnp^UInn  of  tliene  acids  and  of  their  potasaiom  lalta  <a  ropre- 
•oiited  by  the  following  fomiulv  :.— 
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Hydrogen  hyponitriUs,  or  Uypuuitrous  ncid     H,O.N,0  or  HNO 
PotosHium  hyponitrit«        ....     K,O.N,0  or  KNO 


Hydrogeu  nitrite,  or  Nitrous  acid 
I'litadiiiuiu  nitritu 

H.vdrogpu  nitrate,  or  Nitric  acid  . 
Potassiam  nitrate 


H,O.N,0,  or  HJJO, 
K,O.N,0,  or  KNO, 

HjO.N.O,  or  HNO, 
K^U.NjO,  or  KKO, 


nil 

1 


The  dioxide  and  tvtroxide  of  nitrogen  do  not  form  salts. 

It  will  be  convonient  to  commpnoo  the  description  of  these  componr 
with  the  la»t  on  the  list,  viz.,  the  pentosiide,  as  its  salts,  the  nitrates,  i 
the  sourws  from  whiili  all  the  otlier  uouijxjuuds  iu  the  series  are  obtaine 

Nitrogen  Peotozide,  or  Nitric  Oxide,  N./\  (also  called  Ankydtx 
yitrii-  Ai'ui,  <ir  Siiiir  Aii/ii/ilruli ). —  This  rtiiuiKiiin<l  was  discovered  in  H 
hy  l>i'Ville,  wliii  ('ljtnin«i  it  by  exjMwing  silver  nitrate  to  the  action 
chlorine  gas.  Chlorine  and  silver  then  oombine,  forming  silver  chloride, 
whiuh  reuiaiua  in  the  apparatus,  while  oxygen  and  nitrogen  pentoxida 
separate :  J 

Ag,0 .  N,0,  +  CT,  =  iAgCl  +  0  +  NA-  ^ 

It  may  also  be  prepart«d  by  slowly  distillinj;  pure  and  highly  concentrated 
nitric  acid  at  a  blood-heat  with  phosphoric  oxide,  a  snlistance  which  has 
a  very  jiowerful  attraction  for  water.  The  liistillute  consists  of  two  layers 
of  liijuid,  the  upper  of  which  is  nitrogen  jn-iit<ixl<le  niixt-d  with  nitro 
and  nitric  acids  ;  ami  on  separating  this  ujiper  layer,  and  cooling  it  wii 
ice  or  a  fr(H><ting  mixture,  the  peutoxide  separates  in  crystals. 

Nitrogen  pentoxiitu  is  a  colorless  substance,  crystallising  in  six-sided 
prisios,  which  nielt  at  30°  C.  (8(i°  F.),  and  boil  betwwm  4.V)  and  5l»0 
t'.  (11:10— 122^  F.),  when  they  be;'in  to  dec«m|io8e.  Its  spwilic  gravity  In 
the  solid  state  is  ulwve  l.tii;  iu  the  liquid  state  below  l.ti3(>.  Nitrogen 
p<;nt4>xide  sometimes  explo<l<-s  Sfxiutaiu'ously.  It  dissolves  iu  water  with 
great  rise  of  temperature,  forming  liy<lrogen  nitrate  or  nitric  acid.  It 
also  unites  with  a  smaller  j)rojx)rtion  of  water,  forming  the  htmihi/ilnitt 
SWjOj.HjO,  which  c<mslitutes  the  chief  part  of  the  lower  layer  of  the  df  ' 
tillate  obtained  in  the  manner  just  describisl.  It  is  liijuid  at  ord; 
temperatures,  but  crystallizes  in  a  froexiug  mixture. 

NiTUATES — Nitric  Ann. — In  certain  parts  of  India,  and  in  other  hotdi 
climates  where  rain  is  rare,  the  surface  of  the  soil  is  occasionally  oovei 
by  a  saline  efflorejicence,  like  that  sometimes  apparent  on  newly  plasteri 
walla  ;  this  substance  colleuteil,  dissolvetl  in  hot  water,  and  crystallix 
from  the  tiltere<l  solution,  furnishes  the  highly  important  salt  known 
uiiramerce  as  nitre  or  snllpelre,  and  consisting  of  potjissium  nitrate.  To 
obtain  nitric  aoid,  equal  weights  of  powdered  nitre  and  strong  sulphario 
acid  are  introduced  into  a  gl.-iss  ret<irt,  and  heat  is  applied  by  means  of  a 
gas-lamp  or  charcoal  chauffer.  A  flask,  cooled  by  a  wet  cloth,  is  adapted 
to  the  retort  to  serve  for  a  receiver.     No  luting  uf  any  kind  must  be  us<>d. 

As  the  distillation  advances,  the  rc<l  fumes  which  first  arise  disap|>r«r, 
but  towanls  the  end  of  the  process  they  again  N-conie  manifest.  When 
this  happens,  and  very  little  liquid  pusses  over,  while  the  greater  part  of 
the  saline  matter  of  the  retort  is  in  a  state  of  tranquil  fusion,  the  opera- 
tion may  be  stopped  ;  and  when  the  retort  is  quite  cold,  water  may  ' 
introduced  to  dissolve  out  the  saline  residue.  The  rea<-tion  consists  in 
interchangi-  In-twei-n  the  prtlnsshim  of  the  nitre  and  half  the  hydrogen  of 
tJjo  sulphuric  acid  (Jirdrogen  sulphate),  whereby  there  are  funiied  hydro- 
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(■■  lArslv  w)i(()i  lUfUlfl  orer,  and  li^drngcD  luirl  polaKsinm  snlpliste  wliiobJ 
nsaaiaa  in  th«  rvtort. 


KNO, 

BklraU. 


Uj<lrOKra 

•ulpJiale, 


ItNO, 

Hj-Jroeea 
ntlrHte. 


+ 


IIKSO, 

Hydrogvn  And 

potikulum  lUlphiiUi. 


nliaatirm 


'i{  nitric  .icii]  on  tho  lari^v  im-hIk,  tlin  glniw  ri'tnrt  la 

I   "•vliiidi'T,  and   tUn  rcwiviT  l>y  a  serii's  of  aartliva 

'I   by  tubes,     l^liuiii  nitrate,  found  native  in  j 

tilutt^i  fur  potassium  uitratv. 

1    linH  a  Hpecilic  graviiy  iif  fnim   l.S  to  1.52;  it 

l.ie  to  nilrom'ii  Irioxidc,  or  tt-troxitle,  nliicli  ia 

111.'  acid  is  dilutcil  Mith  water,  givfs  riau  by 

uienl  of  nitrogoo  dioxide.     Nlliic  avid  is 

iliii  skin  ih'fp  yl^l|on■,  uud  caUHing  total 

i'uurol  upon  rvd-fiut  puwdvrixl  olinrcoal,  it  uaU'Svs  bril- 

;  ami  vh^n   mliiiMl  t<i  warni  oil  of  turpvutiuu,  aots  upon 

t  it  on  lire. 

itrnteil   fonn,  is  olitoinud  liy  mixing 

I  •>  '!<.  .iii.i.v  of  Htrou^  8ulpliiiri''  mid,  rifliHtil- 

t   jMirtion  vrhii'ti  isnuefl  ov>r,  and  exposing  it, 

1  JUid  sUelteml   from  tbe  liplit,  to  a  current  of 

iiliiile  tiirougb  it,  whicb  eotupletely  n^uioves  tbe  nitrous 

!'■  tlir  pro<lact  is  as  volorless  as  water;  it  has  tlio  8p.  gr. 

'   h'.),  boils  at  84.50  {1840  F.),  and  wnsists  of  54 

fill  and  9  ports  nr.iter.     Altbougb   nitric  ucid  in  n 

•ry  \-iolently  njion  nuiny  metals,  and  uinm  nrganio 

liis  ia  not  tbv  eoae  witb  tbu  most  c<inc«nlrate<l  acid  ; 

,1    ,■■'•■-■■-  to  attack   iri.n  or  tin  ;    and   its  nioileof 

1  ir  siiljBtances,  ix  ijiiito  {x'ouliar,  and  wry 

■LU  acid  coutoiiiinj;  more  water. 

!  of  iliifereut  detrret's  of  concentration,  at  the  ordinary 

a  resirlu..  is  b-fl,  Imiling  at   liO.riO  C.  {IMS-.'IO   K.") 

r,  and  bavinK  ibe  »p.  pr,  1.414  at  15.50  C.     This 

'.ised  to  Ih>  a  driluite  compound  of  nitric  acid  with 

■  I     I    ..ntly  pruvud    tbis  a.<iSUinption   to   Ix' iuixirrect, 

til      I   .1  varying  uooonliug  to  lliu  pressure  under  wbioti 

'  111  a  very  extensive  and  important  group  of  salts,  whicli 

r  iM^n^  nil  soluble  ill  w.iler.     Hydrogen  nitrate  is  of  gruat 

'iry,  and  in  many  bninclua  of  industry. 

-■"i  in  tlio  way  ilc«critH»l  is  apt  to  i-ontain  traces  of  chlo- 

'  in  tbo  nitre,  ami  somelimis  of  sulpliate  from  arei- 

pttsty  moss  in  tlie  retort.     Ti>  (lu*oover  tlo'se  iinpu- 

'  -  •'    'iiror  five  linns  its  bulk  of  distilled  water, 

S<dutioii  of  silver  nitrate  is  ilropiMxi  into 

Mtrale  into  the  other  ;   if  no  ob.'ingo  eusao 

0  till!  iinpiiritii's  nientioncfl. 

lu  sinoU  nuantity,  by  passing  B  series  of 

.  it  i«iiiioii  of  air  ineontaet  with  w.iter  or  an  alkaline 

of  ni'jd  lui  fiinni"!  nfler  many  hours  Is  very  minute  ; 

"i^irt.M's  of  utmosplnTic  ebetrieity 

II  of  nitric  acid  in  tho  air.     A 

I    .1.....   !.•  .1   .^   |.i...iiice<.l  by  the  combustion  of  hy- 

Utioes  in  tltu  ulmusplttiro ;   it  is  also  formud  by  tbo 


hiuiB  meUmnot  •»  mw//^  doU'cttsd  in  solulion  in  small  qaantitica  as  uuinyl 
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Other  aciiU.     Owing  to  the  Klubilily  of  all  it*  compounds,  no  jireeip 
can  be  found  for  thu  acid.     A  good  mode  of  testing  it  ti>  hased   ajxin  ; 
{lowi^r  of  bleaching  a  solution  of    indigo  in   sulphuric  aoid   when  t>oiI 
with  lliiit  liquid.     Tho  aliscncp  of  rhloriniMuusl  Iw  inHurini  in  tliis  exjM 
munt  lij'  means  which  will  ht-rwiftiT  lie  described  ;  olhorwian  th«  resulll 
equivoial. 

The  bfst  method  for  the  det(>ction  of  nitric  acid  is  tho  following  : 
Bubiitnni'i- to  Im  (ixaioiuixl  is   boilod  with  a  8iu.tll  ({uatitity  of  wat<<r,  i 
the  wdution  cautiuuiily  niixod  witli  an  >-(|ual  volumo  of  couoontrattHl  tA 
phurii' aciil ;  tliii  liquid  in  then  allowed  to  ciiol,  and  a  strong  auliitioni 
furrnua  Hulphatv  carefully  ]>oun-d  upon  it,  »o  >\a  lo  fonu  a  sieparato  Iay4 
If  lar^e  quanliti>«  of  nitric  aci<l  are  present,  thv  surface  of  contact  Ol 
and  then  the  whole  of  the  liquid,  Wioues  black.     If  but  small  quautiti 
of  nitric  a<-id  are  preaent,  thu  liquiil  tx^conu^  rnldish-brown  <ir  ]iurple.    ~ 
ferrous  sulphate  reduces   the  nitric   acid   to  nitrogen   dioxide,  which,  ( 
solving  iu  thu  solution  of  fernius  sulphate,  imparts  to  it  a  ilark  ivlor. 

Nitrogen    Monoxide,    N,0    (fiometimc-s    called    Xilrmit   Oxide; 
liaaijlixiij  lias). — When  solid  ammonium  nitrate  is  heatt<d  in  a  retort j 
flask*  (flg.  lOU),  funiishtxl  with  a  jierforated  i 
and  l>ent  tubi%  it  ia  resolved  into  water  and  uiU 
gen  monoxide,  NU,NO,  =  2H,0+  N,0, 

No   particular   prtwantion   is   required   in 
operation,  save  due   regulation  of  thu  heat, 
the   avoidance   of  tumultuous   disengagumont 
the  gas. 

Nitrogen  mcmoxido  is  a  colorless,  transpare 
and  alnuMt  inoiiorous  gas,  of  distinctly  sweet  Las^ 
Its  specific  gravity  is   l..'>2.'i  ;  a  litre  of  it  weij 
l.»7172   gram;     UK)   cubic   inches    weigh    47J 
grains.     It  supjKirts  thu  combustion  of  a  taper  i 
a  pie<%  of  pliosphorus  with  almost  as  much  eneij 
as  pure  oxygen  :   it  is  easily  distiiignistied,  ha 
ever,  fmm  that  gas  l>y  itd  solubility  in  cold  wab 
which  clissolves  nearly  ita  own  volume :  henco  i 
is  noeessary  to  use  tepid  water  in  the  pneuw 
trough  or  gas-holder,  otherwise  great  lotia  of  , 
will  ensue. 

(iasuous  nitrogen  monoxide  mixed  with  an  eqn 
volume  of  hydrogen,  and  fired  by  the  electric  spa 
in  the  eudiometre,  explodes  with  violence,  and  lilK>rate8  ita  own  mei 
of  nitrogen.     Kvery  two  volumes  of  the  gas  must  consequently  i'ont4 
two  volumes  of  nitrogen  and  one  volume  of  oxygen,  the  whole  cimdeiia 
or  wmtracled  one-third — a  constitution  re8eml)ling  tliat  of  vajwr  of  watj 
The  most  remarkable  pn)periy  of  this  gas  is  its  intoxicating  power  uj 
the  animal  system.     If  quite  pure,  or  merely  mixed  with  atmospheric  ( 
it  may  bo  respired  for  a  short  time  witlioiit  danger  or  inconvuniuncv, 
effect  is  very  transient,  and  is  not  followed  by  depression.     Tho  gas  is  1 
much  used  as  an  amesthetiu  in  dental  surgery. 

Nitrogen  monoxidu  has  Iwen  liquefled,  hut  with  difficulty  ;  it  requil 
•t  7.2^  C.  (450  F.),  a  pressure  of  50  atmospheres:    the  liquid  nionoxii 

•  Florence  ollflaaks,  wtiloli  msy  tic  purchnsed  «t  a  very  trlfllnir  •um,  conslllufs 
exeeeilinL'ly  ubrrul  vcMCIs  for  rhcinicnl   (lurpoiics,  niiil  oflen  iiii|MT»rile  retorti  ^H 
other  cxiK-iuivc  Kip|>i<riitu».    Tlicy  src  rcmlercd  still  more  vnlioililc  hy  c-ultlnir  >^M 
nrck  •mnothly  roiiml  with  »  hoi  iron,  aorieiiliiir  11  in  the  nsinc  of  ■  eonti  Areafll 
Ki*-Ump.  itr  Kunsen  burner,  aikI  then  turnInK  over  the  rOfre  so  •«  to  form  a  Up  or 
bonier.     The  acck  wJI]  theo  bear  a  Ugbtly-OtUag  cork  wltboul  risk  of  •plltllug. 
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(urlfle  pni'lty  of  0.9004 ;  it  is  not  misciblc  with  WAter.  Fartidny 
»-,  t.--  -  -  ■•  -  -t  in  A  soalnl  lube  to  the  cold  privliicvd  by  n  mix- 
.Ii'l  ellnT.  but  b."  sujUHisixl  ihal  it  could  not  bo 
.  Iuc«i  by  its  own  fva|Hirntiun.  This,  howrvi-r, 
til  liic  ovniMiration  ba  kccvlrrntnl  by  n  stionj;  rurri'nl  of 
•tfi'l  tulx!  in  dirfctt-d  into  tbe  nxis  of  u  (bin  briwa  cono, 
?«  amall  ofwiuni;.  »bout  th«-  eighth  of  an  inth,  at  its  apex.  On 
!•  ulrnaiu  i>f  lh«f  liquid  to  issue  from  fh<>  j<-t,  it  is  rrtnined  in  the 
'  •  nxKiMiit,  and  Ibrn  forcibly  blown  out  at  the  apox,  togcthir  with 
;  klrrant  "f  air.  Th«  eotid  is  in  Ibis  way  formed  in  Minx-  i|uantily, 
\-  "  "  I  in  n  dish  lii.ed  with  fdt.-r-pa|irr,  or  olhiT  suitaMo 
&- 1  11  munoxid**  is  murt'  ('oni])n('t  in  ;i[>p(*arnn(-f  thnn  ^olid 

I  ac.ii.         -.  -iiillki-  till-  latttT,  it  uclts  nnil  IkiIIb,  if  pcntly  wnrmtnl, 
I  |«a»tng  into  thi<  gnwttuH  Btalo  :  bi-nM-,  if  plnml  in  contnvt  with  the  ' 
,  It  pmla<y«  a  painful   bliatpr,  like  a  burn.     Thi- nultinij;  or  froi'Zing  < 
of  Ui"  moiioxiilo   is  — V^U^  F.  or  — !)!P  ('.,   and   its    hoilini;  point 
'  F.  or  — !•--'  r.      It    is   the  proximity  of  tlu'   iMviliiij;   and   Iri'tzing  I 
midfrs  it  piissibiv  to  freeze  the  liquid  by  Bimply  blowing  air 


Dvrrwirs   A^id,    N,0.n,0,  or   HNO. — Wlien   a   solution   of  sodium 

»JiO,,  or  ammonium  nitrate,  Nil,. NO,,  is   treated  with   Kodiiiu 

"  .  a>mp<iuud  of  «odiuiu  and  mercury),  the  nitrate  gives  up  2 

en  to  the  sodium,  and  is  reduced  to  hyjxinilrite,  NaNO.     On 

irxcpsiiof  alkali  in  the   liquid,  by  adding  acetic  arid  till. 

"oiiger  gives  a  brown  or  bl.iek  prceipitnte  (of  silver  oxid<  ) 

.1  solution  tif  tso<lii]ni  li>^>nitrite  is  obtaine<l,  whieh   is 

r.  and  pivi's  with   silver  nitrate  a  yellow  preripilate 

r J- -....■ ..-.  -V^'NO.     Wlii-n  the  original  alkaline  liquid  in  aeidi- 

ie»tir  aeid,  and   heated,  the  byiKinitrous   aeid   in   resolved   into 

riiitr'igeM  monoxide,  whirh  escapes  as  gas,  "JHNO^  H,(>-J- N,().t 

Dioxide,   N,0,  or  NO   (sometimes  called  Nifrir  Orirfe).— 

lurniugn  of  i-<ip|HT  are  put  into  tlie  apparatus  employed  for 

drojfen  (p.  130),  together  with   a  little  water,  and  nitric  aeid 

he  funnel  until   brisk   elTerveseenee  is  exciti'd.     The  gas  may 

■r  «dd  water,  as  it  is  not  si'nsibly  soluble. 

reKMlon  is  a  simple  deoxiilaliou  of  some  of  the  nitric  acid  by  tbe 

tbe  metal  is  oxidiied,  and  the  oxide  so  forminl  is  dissolved   by 

portion   of  the  acid,  forming  copper  nitrate.     Nitric  acid  is  very 


la  act  tliDit  upon  certjiin  uietaU  : — 

{(HJfO,     +     Cn, 
KitTic  «*t<t. 


N,0,    +     .irn(NO,),    +     411,0. 
Copper  ultrate. 


"in  this  manner  is  colorless  and  transparent  :  in  mn- 
■n  gas  it  priKluces  deep  red  fumes,  which  are  readilyj 
Ibis  character  is  sutTicient  to  distinguish  it  from  all 
-.  A  lighteil  lapir  pluugwl  into  the  gas  is  extin- 
•iphorus.  however,  burns  in  it  with  great  brilliancy. 
,  of  nitrogen  dioxide  is  l.OM  ;  a  litre  weighs  1.34:143 
equal  measures  of  oxygen  and  nitrogen  gases  unitiHi 
II.  When  this  cas  is  passed  into  the  solution  of  a 
..rbed  in  large  quantity,  and  a  de.-p  brown,  or  nearly 

Cken   8or.  .lourn   1874,  p.  SI  „._         ^        t    ... 

,  Pi«cecdl<>(i  of  lh«  ioyal  Society,  xlx.  43*  i   Chein.  8oo,  Journ., 
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Iilack  liquid  produced,  wliich  seems  to  be  a  definite  oompouTiil  of  thx 
BuUilaDoea  (p.  154).    The  compound  ia  ilt.-con))ios«d  hj  builin^c. 

NltxoBen  Triozide,  <>r  Nitrons  Oxide,  N.O,. — Wlvm  four  mvnuii 
uf  iiilrDgi'ii  dioxidu  utv  uiiX4-il  uitli  uiit'  incvurii  ut  iixy^Mi,  and  Hit-  ga 
p>-'rfoi!ll_v  dry,  «ri<  I'XixMtHt  to  n  l4'tu|H-riiliiri<  of  — Itj^,  tliey  oondciisf 
tUiu  luubili-  liliifl  liquid,  wliicli  iMuiLs  i«rnii>;e-rt'<l  vfti><>n>. 

Mitrogcii  trioxido,  sulficu-iitl/  puro  for  nioet  piir|)o8<'»,  in  "'••  •••■• 
(mnriiiK  coucfUtratisl   iiitriv  arid  <iii  liiiiipii  of  :ir8Hiiiuu.s  ai-iil 
wariuiiig  llie  mixturt-,  ill  i>i-di-r  to  start  (liv  rcnotioii.     Tlic  Irif 
evulvvd  lu  nil  orHiij;i>-re<i  gns,  arsniiiu  acid  reiimiiiing  lH>liiiid. 

Nitrogen  trioxido  is  deooiupo.si-ii  by  trntur,  U'lng  I'oiivi'rtcd  into  oil 
acid  and   nitn>gin  dioxide:    HN^Oj -f-  II  .<)  =  lIllNUj  +  iN,0,.     Kor 
rooisou  it  uaiiiiut  b<>  uiadu  to  unitx  dinu'lly  with  iiictiillic  oxidiw  ;  |itit<ui«U 
iiitritu  may,  howcvrr,  Im-  prcpartvl  hy  fuhing  jxitasniuin  iiitralf,  wln^ 
part  of  its  oxygrii  is  drlvi-n  oil  ;  and  mniiy  otlnT  ialtn  of  nitrous  iui<l 
l)t'  olitaini-d  liy  itidinx't  mriiiiii.     Tliim  a  solution  of  )i«ta«!iiiii>'  ■■'   —  ■'■ 
tiitritH  may  Ik-  prcpan-d  by  iiansing  tin-  vaiM>r  of  uitrogvii  trlu» 
AD  alHivo  by  hi-atiiig  nitric  acid  with  arscnious  arid  (or  with 
«  solution  of  oaustio  potash  or  soda. 

Nttrosen  Tetrozide,  N,0,  or  NO,,  alsoc^illi!'!  .Vi/nV  rVmxWf. — 1 
tliK  |«iiuci|ial  .(.ii-ilituciit  of  the  deep  red  fumes  alnays  pniduoeii  when 
nitrogen  dioxide  e9ca]ii»  into  the  air. 

It  may  be  obtained  iu  the  pure  state: — I.   By  exposing  a  nilxtiin'  of  2 
vols,  nitrogen  dioxide  and  1  vol.  oxygen  iucorjioratMl   by  pa»«l>i-  ilir,.ii~li 
*  tube  llllit<l  with  broken  {lorcelain,  and  thoroughly  dried   li^ 
over   pumice  soaked   in  oil  of  vitriol   and  then  over  rereiiTiv 
potash,  to  the  action  of  a  freeiiiig  mixture  of  italt  and  in* :  the  I' 
condenses  in  traiispan-iit  crystals,  or  if  the  slightest  trace  of  nioi; : 
privent,  into  an  aliu<Mt  colorless  li>pilrl.     'i.   Uy  the  direct  comblna 
oxygen  with   the  trioxide,  as  when  a  stream  of  oxygen  is  piis»>><l  f 
mixture  of  the  trioxi^le  and  other  oxides  of  nitrogin  ev"1'  • '  '  ■    "'m 
of  fnining  nitric  aclil  on   arseiiioiis  acid.     The  liquid  i 
taim^d   is  pure  enough   for  most  pur|>i>si-3  after  one  <li- 
lieating  thoroughly  .|rii-d  lea<i  nitrate  iu  a  retort,  whereby  a  loixtur 
t^troxide  ami  oxygen  is  evolved,  I  he  former  of  which  may  be  coudx 
above,  while  the  latter  paKst.>8  on  ; — 

(NO,),  Phxx  PbO  +  O  +  N,0,. 

The  first  portions  of  nitrogxn  tntroxidn  thus  obtained  do  not  solidlfv,  Hfn^ 
tiws  owing  to  the  |iresenc4>  of  a  traiw  of  moisture,  but  if  lb' 
rliangiHl  Iu  the  midst  of  the  operntion,  and  if  every  care  bn- 
to  avoid  moisture,  the  later  portions  may  he  obtained  in  tlo   <  i 
form. 

Nitrogen  tetroxlde  at  very  low  tem|>«ratiireg  forma  transparent, 
prismatic  cryHliiln  which  melt  at  — 1>0  p..  but  when  oniv  luulto 
resolidjfr  till  eoobvl  down  to  —  .llt^'.     Aluive  —  !K'  it  fr.rnis  .-v  mtdiH 
of  ivlty  1.4.^1,  the  appearance  of  which 

tri    !  :jlture.      WIlKII  aril)  li>|iiii|  liolow  — !>' 

at  — :'  '  ii  liiot  n  y  • 
what  more  niarkc<{ 
orange-vi'llnw,  Ihr  .!■  | 
|M<rntiire  up  to  'Z'JP,  the  I 

rod  color,  th"  depth  of  «l  ,  , 

40^lt  tt  an  d«rk  as  to  bo  aimiMi  opaiiu<>.     Thia  ranarkatiin  chan|;e  of  it 
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I  l)y  m  great  dimination  of  density  as  the  t«niperatare  rises, 
pointing  to  a  mnleciilar  oliaii^'o  produced  in  the  vapor  liy 
Playfair  and  Wouklyn  liavc  ilt-tvnuineil  llii-  duDoily 
iMTsptir  t>y  Dumas'  method,  usliijj  iiitrojjen  (w  a  dilu>-nt  (p.  C8),  and 
i  tkat  \iu<  duiuitioii  at  different  temperatiireii  are  aa  fulluwK  : — 

Tminratara.  Yapor-deoilty. 

87.5'^ l.TKJ 

atS 2.f>20 

11.3 2.S45 

4Jl 2.688 

wmgar  !•  al^^.rliM]  by  strong  nitric  acid,  which  thereby  aoqairoa  a  yel- 
-LUg  into  gfi-en,  then  into  l)lue,  and  afterwartls  diitnp- 
i  <<n  llie  &il<lition  of  suuueiwive  portionH  uf  water.     Tlie 

luiuiu^;  a>'iil  of  louiuifrce,  vailed  mtfiHU  acid,  18  aiuiply  nitric  acid 
•••i  with  uitrugeu  tftroxide. 
.S  1  f ox ide  i»  decora poa«i  by  water  at  very  low  temperatnrea  ill 

•k  r  as  to  yield  iiitrie  and  nitrous  acida,  5i,0,+  U,0=  'lN'>j  + 

H>'  lion   wlded  to  excess  of  water  at  ordinary  teuiperaliires  it 

fif  o  id,   anil   the   produits  of   deconiposition   of    nitrouti  luid, 

ati:  .v-id  and  nitrogen  dioxide.     In  liice  manner,  when  pasKt'd 

tai  ''lulionst,  it  forms  a  nitrate  and  a  nitrite  of  the  alkali-uietal ; 

»at  n   also  supposed  to  unit"  directly,  unrier  certain  cireura- 

•ti  taetttUic  oxides — lead  oxide,  for  example — forming  delinitu 

a;-  u,  and  han  hencti  Iven  called  hi/iionilnc  acid;  but  it  is  most 

|M&liic  Uiat  these  saltji  are  compounds  of  nitrates  and  nitrites  :  e.  g.. 


2(PM».N,0,) 
Lead  hypoDltrnta 


'    PbCNO,),    +     PbO'O,), 
Lead  ultrsle.        Lead  oltrlte. 


nuagxn  appeara  to  combine,  nnder  favorable  circiimstanceB,  with  mnt.ils. 

Wkca  Iron  i»  h««te<l  to  rMlm-ss  in  an  atmosphere  of  ammonia,  it  Ih-couh's 

Inulv  »riil  .rvitalline,  and  shows  an  increase  in  weight,  saiil  to  vary  from 

at.  ;   while,  aci-ording  to  other  olwervers,  the  physical  clia- 

metal   are  cliauge<l  without  sensible  alteration  of  weight. 

■'<  C'>p(M-r  in  ammonia,  no  couipound  of  nitrogen  with  copper  is 

!  .   hat  when  ammonia  is  passo<l  over  mppi-r  oxide  heate<l  to  3IH^-', 

i>'d,  and  a  soft  brown  jxiwder  produce<l,  which,  when  heati-d 

-»  nitrogen,  and  luaviw  ml^tallil:  copper.     The  same  efl'ect  is 

r  '  he  contact  of  strong  acids.   A  similar  compound  of  chromium 

*L'  appears  to  exist. 

KiTBocwr  AVD  irmRoninr;  AKMOitiA,  NH,. 

'■'  IitmI  sal-ammoniac  is  mixed  with   moist   calcium  hydralfl 

i«;  and   gently  heat<'d   in  a  glass   flask,  a  large  quantity  of 

US  uiaurr  is  (liseiiga);'''!,  whirh  must  lie  collected  over  mercury,  or  by 
nt,  »dvnnlHS>'  U'iiig  taken  of  itfl  low  »pe<ri(ic  gravity. 

paa  thus  obtained  is  colorlws  ;  it  bus  a  strong  pungent  iNlor, 
in  an   xminent  degree  those   prop<'rtiea  to  which   the  terra 
tHalint  )•  >|it>Me<)  :   that  is  to  gay,  it  tnrns  the  yellow  lyjior  of  turmeric  to 
W>  ;  ro«ldi'n>«l  litmuii  to  Hue,  anil  combines  reailily  with  acids, 

tr-.  Ii-m  Kimpb-tely  ;  by  those  rcactiims  it  is  easily  distinguished 

few,  .-se«sing  the  same  physical  characters.     Under  a 

ft>  i-res  at  15.6'^  C.  (fli*0  p.),  ammonia  c<mdensi-s  to 

tfc»  unoiii  I. .rill.      >*  H1.T  dissolves  about  7tXt  times  its  volume  of  this  gas, 
a  Milutioo  which,  in  a  mortt  JUuto  state,  has  long  b«en  known 
14 
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undfr  the  name  of  liijuor  ninmoniite  by  beat  a  |;rpat  pnri  i^  ni^nin  I'xpcl] 
7'li<*  .solutiiiii  Li  decoiujHJsvd  liy  clklorine,  Bal-uiuuiiiiu.ki.'  Ih'iiik  ruriui-i. 
iiitr«»}^oii  avl  frei*. 

AiiiriioiiJM  liiu  n  ilvnKity  of  O.ABt) ;  n  litri<  woighs  O.lHTll  grmm.  It 
not  Imi  foriiKrii  by  thi>  iliroct  union  of  its  I'loiimnld,  altliougb  it  i»  »i>iui-tiii 
piiHluowI  iiiidi^r  rather  riiiii.-irkulili'cir<'UiU!«t>iiu:ii«  tiy  lhi>ili'i>xi>Jatii>ii  uf  iiit 
will,*  Thi'  (;r"«l  !«ouri'«i  <if  iiiiiiiioiiia  nre  Ihi'  fwl^ly  iKiii>|Hiuii<i>'(l  axotil 
priiicipI'W  uf  thM  Hiiiiiial  niiil  v«g>'tnl>l<'  kiuj^doiiu,  whivh,  whon  M 
piitri.*ra<.'tivi-  cbAii);i.',  or  Hiibjcctod  to  di'stniL'tiro  distUhituiu,  nhiiosst  invl 
Hbly  givv  rise  to  nn  alximlaiit  pruJurtioii  of  tliia  *iitR<tanvt'. 

Thi'  analysis  of  aiuinoiiJA  ^na  id  easily  rlhu'ltil.  Wlofti  a  |K»rtiiiii  i»  i 
fliicl  in  a  gradiialwl  IuIm;  ovit  luiTtury,  and  i.doitric  'tparki  »rt<  pa« 
tlir«U);h  it  lor  a  consiiifrabU-  time,  thi-  voliiiiir  of  thi>  ga«  );radiially  I 
criMars  until  it  lMM^<ni<4  donljUil.  On  cxainination,  the  tiilHMH  roun>t| 
CMiltiin  a  uiixturn  of  3  nioaMitriw  of  liyilrogi'n  gnu  and  1  UK-aMtiri>  of  niH 
p-n.  Kvery  two  volumos  of  tlip  nniiiioiiin,  thi?ri'fi>ri',  I'nntaiiuxl  (hrtf  ' 
limes  of  liydro;;i-ii  ami  one  of  nitrf>i!fn,  Ihi-  whole  Iwinjf  eonili'iixisl  to 
half.  The  welglil  of  the  two  a)ii»tiliienl»  is  in  the  proiHirlion  of  "J  p« 
hydro;;en  to  14  partu  nitrogen. 

.Ammonia    may  also  Ih<  dacomposod    into  ita  elements    by  transinli 
through  a  red-hot  (iiIk-. 

Solution  of  aintnonia  is  a  very  valnahle  reagent,  and  Is  em|doyt«l 
gri«nt  nnmlier  of  ehi'mieal  o|>ernti<in!<,  for  some  of  which  it  id  neieBsary 
have  it  [K-rfeetly  pure.     Tlie  Iwat  UHkle  of  ]irepartttlon  ia  tin-  follow Inj;  . 

Ki|MaI  wei;;litK  of  xal-iuumoniiic  (.NII^CI),  and  i|iii>.'kliMie  ((!.i(>), 
taken;  the  lime  is  «lak<«l  in  a  eovensl  hn.sin.  and  the  ^alt  nvluoed  < 
jHiH'iler.  Thi-^e  are  mixed  and  intrixtiiisil  into  a  Inr^e  tiask  »>nhei;livt « 
n  WHhIi-lKittle  ami  a  ri'reit'er  coiitiiiiiiiig  wuler,  in  the  manner  whieh 
Ik-  deHorilxxl  in  eonneotion  with  hydroehlorie  »eid  (lin;.  I«2).  A  lit 
water  Is  adiled  to  the  mixture,  ju.st  enoii;.'h  to  liampi-n  it  and  cause  It 
agKre;.'ate  into  liimjia.  On  luuitiously  applying  heat  to  the  llu»k,  •niiniH 
ia  disengaged  very  regularly  and  nniformly,  and  o<iiideu»i'«  in  the  m» 
of  the  reiit'lver.  Cslciuui  cliloride  (CsCIf),  with  exotsw  u(  ualciuiu  hyt 
(stnkvil  lime),  remains  in  the  tla-tlc. 

The  d<Kuiu|>oaitiun  uf  the  salt  in  repn^entMl  l>y  the  e<]aalion  : — 

2NU,C1  +  CnO  =  iNir,  +  CaCl,  +  11,0. 

Kolnlion  of  aniiiioiiia  nhonid  !»•  |»Tfeclly  enlorleKN,  U<«»e  no  rmidae  I 
evaporation,  and  when  mipersaturated  l.v  nitric  neld,  jrivn  nn  cloud 
iunddine«f>  with  silver  nitrate.  Its  iteiiHity  diinini<ihe<  w  i(h  lln  xlrenj.'tji 
that  of  the  newt  e<incentrale<l  being  alMiut D.S".*.  The  valnn  In  alkali  I 
any  nample  of  liiinor  ammoiiiai  ig  niost  xafely  iiifernvl,  not  from  a  kno« 
edge  of  it»  deniity,  hut  from  the  <|iiantity  of  acid  a  (tiren  aninnnl 
saturate.  The  ino.le  of  conducting  thin  ex|HirimADt  will  Iw  d^aerlU'd  ami 
Altalimelry. 

Wli.<n  Holntion  of  ammonia  1«  miKi'>l  with  neid»  of  v.n' 
are  geiiernterl,  which    ii'»einli|e   in    thi-   mixt  complete   i: 

sixinding   potiL^Hiniii  and  nodiiim  n)iii|Kiiif' i-      " -■■ 

ivinnei'tloii  with  the  latter.  The  uinnioir 
direct  compoundii  of  ainmonin,  Ml,,  will< 
resulting  from  the  replai'emcnt  of  the  li 
Nil.,  ralliM  nHiifi/iniNin,  which  In  thia  tieu^' 
t«|iliralent  to  potawdnm,  a<Mltum,  itiUer,  utt.     Thuj  .— 


MUC> 

uadi 


"Trinf  the  nltmren  of  t^e  atmo*Titirr»  liiin   .imni..n(« 
'  I  ni>pralioo«,  wUJ  b*  aolletit  to  euuaectuia  wttli  Cjraa 

iry. 
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.AttMi-iv  ;..  ir...  lilorido  Nll,.Hri    =   NH,.n  Amiumiimn  <liliiritli>. 
tilirui.-  Mlj.H.N'd,    =    NII,.Nnj         "  iiitr.it.'. 

aulplial*     (NUj,.ll,Sll,    =     (MI,),.SO,     "  siilliliatr. 

Tlw  fvTniilm  in  Hie  »«yjtnJ  iiolntnii  are  uxnctly  uialogooB  to  tho«i!  of  tii» 
~  -.  KCI,  KN«V  K,.S<i,. 

.-   Mulutiiin  of  AuiiiKiiiia  may   be  supposed   to   contain   the 
jf  i\j  ifinHioiu'itM  Nil, .IK) ;   but  this  coiupuuuci  is  not  known  in  the  solid 


Any  «(ii»'>-- 

^palaah 


' "■  '«U  ran  at  once  he  rrcocuixed  by  the  evolution  iif  aui- 
plaeu  when  it  in  healed  with  Hlaked  lime,  or  oolution 

nrOBOXTLAMlXR,  NHjO. 

nlprnieiliiilK  in  (viiiiiiiKiiiifiii  liotween  aroinnnin  Ntl,.  and 

NII,.H<l.  is  foriiii-d    l)y  the  direet   union  of  hyilnvn 

N'  >  -|-  llj  =  Nil,'  >.  ond  Hiny  be  prfimrt'd  by  |inssiii;< 

a  siTiti*  (»f  flasks  in  wiiich   hydr«»j:t.'n   in  fVulvftl 

■  rid  «ith  tin.      The  resulting  lliiuiil  \*  freed  (roiu 

;  the  lilterwl  liquid  ev,i|N>rated  to  dryniwa  ;  the 

I  ;UM>hoi,  nnd  di^ci-led  with   l>uilinK  alcohid  ;  the 

'II  itiixol  with  plntinic  eliliiridv  til  precipitate  sal-uniiiioiiiae, 

I   abviliiilie  liipiid  iiiiXMl    with   ether,  which  throws  down 

\'\u  ■    '<f  hyilriixylaiuine. 

II  -   bIw  forini-d   by  the  action  of  hydrogen  (evolved  as 

abuTr^  Mil  Mjiiiu  .1'  id  or  ethyl  uilrnte  : 

NO.n  4-  CH  =  2H,0  4-  NHjO. 

Hviln>xyl»'nin"  ts  a  very  volalih'  and  enKily  deconiiHisible  base,  and  can 

1^  ,,1,1^111,- i   .Milv  ill  Koliitinn.     It^  sails   are  d<H'oui|>oBi'd   by  pot.ij>h,  with 

I  and  formatiiin  of  .ininionin,  quickly  in  concentrated, 

-iilutions.     t?olution»  of  hydroxylamine  may,  however, 

iii|Hniin);  the  salts  in  other  wavH,  an  aleohciliu  Holution, 

triposius;  lhi>  nitrate  dissolved  in  nh-nhol  with  alcoholic 

J  I  ilso  xeparnte  hydroxylaniine,  with  evolution 

flfr-  II.1  have  an  alkaline  reaction,  and  precipi- 

talr  ...111   (he  Halt!)  of  le.vl,  iron,  nickel,  and  zinc, 

Mil  .1  lyiiiiMion  alum,  they  form  pre<'ipitat<'H  insoluble 

Ian  <ie.     With  aqueouii  cuprio  ^uljilinlc,  hydroxyla- 

-Biiw  |i>rtn«  II  Krii.HH-Krecn   ]ireeipitate,  which   when   boiled  with   water,  is 

r*^orinl.  wiih  ."voliitiiin  of  (jiin,  to  cuprnuH  oxide;    an  animoniacal  cnpriu 

•  'I    by  it.     Mercuric  chloride  iit  reduced  to  niercnroua 

•    hydr'jxyluniine   i»    in   excess,    to  iiietiiUic  mercury, 

M  a  black  precipitate,  which  is  i|nickly  rifluced,  with 

'   ui"t:illic  »i1ver,     Ilydroxylaniine    also  reilnces   acid 

;.  .     In  many  of  these  reactions  the  hydroxylamine  ap- 

.-  oomplctcly  dtwomposed,  with  (onuation  of  nitrogen  or  Us  nion- 

_  I  uf  hydroxylamine  decomjMis.'  when  heati-d,  with  copinns  and 

fplution   of  en«  ;  ?ii<wt  ,.f  them   easily  froui  Riiiiersnturatitl  solii- 

luiiiiil  eontain  water  "f  cry»l:illi/.»tion.     The 

illui-s  from  alcoli.il  in  loun  spieular  crystals 

I MM,  I  III  I'lrjir   irre^iibir  six-sidiil  labli.*  ;    It  melts 

III  Uien  di.-c(iiii]>.>ses.  with  violi.iil  evolulimi  of  gas.  into  iiitniv'en, 

»(!ld,    Wttltif,    an/1    s.ftl-ainiiioiiiao.     The   ntlrute,    NIljO.UNt^,, 

Itluwiy  by  »jioiiirt«c(.(j>  f  T .;/"./. 1/ if •;!   (o  a  radio-cry^laUine,  vety 

»/  caa»,  rjallj-  uolulilf  in  uteiWute  Alouhul,  decomitosiug  al  VOO. 
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Atomic  weight,  12.    Symbol,  O. 

TniB  Bubgtance  occurs  in  a  !<tnt<>  of  purity,  niid  rrystnllixt-d,  in  tiro 
tiiict  mill  wry  dissimilar  rurms — iiamfly,  aa  tlinniuml,  and  as  ^ra|>liitH 

jiluuilmgij.      It   coiihtitulfs  a   larK<-*   pruixirtion  of  all   urtraiiiu  striK'tn 
animal  iiiul  vi-gotalili' :  wlicii  tlixsv  lulli'r  ar«  •■xjmwi*!  In  A-    — 
Intiun  ill  cliisi'  vi-ii»ii'l!«,  a  gn-ut   part  «(  tli"ir  •'arl>>u   r>'ii>  :i; 

rvtainiii;;  soiiir  or  lli<^  hydrngi-ii  and  nxygi'ii,  and  ii.s9<>i'i.iti  a    

un<l  .Hlknliiif  nialli'r  of  lliu  tiHMUf,  fjivin^  rntn  ti>  tin;  iiiuiiy  vaii>'tii-M  of  oti 
cual,  cokp,  t'lo.  'I'liis  rcsidun,  wlioii  pi-rfi-etly  8i<parult.Hl  Irmu  lurvlgu  ii 
tur,  i-onstitntt-s  n  tliird  variety  of  curlxm. 

Till)  diamond  is  one  uf  tlit'  must  rriuarkalilt*  sabatniin'S  known  ;  In 
prizixl  on  ai'cuunl  of  ils  lirilliiincy  as  an  oriiani.-nul  >;i-m,  tli»  <: 
ilHcuriouKplicmit'nl  iinlnri-xinfi-rs  upon  it  a  high  ili'yriM-oI  Hcii-iu 
Si'Vcral  loc'ttlilii-R  in  liiilin.  tlic  inland  of  Uorn<>o,  St)Uth  Afnca,  . 
furiiisli  this  iH-niilifiil  hiilmtancv.  It  is  always  dislini-tly  i-rystallixi 
<|iiile  Irnnspnri'nt  nml  I'olorlcss,  but  now  ami  then  liavin);  a  shaiiv 
low,  pink,  or  (ilui>.  Thr  origin  anil  true  gi>ol»j;ical  position  of  tht-  dianu 
aril  nnknown  ;  it  ia  always  tfiund  imht-ddMl  in  )!ravvl  and  transport 
matcrlalH  nliosx  liistory  cannot  Im-  lrac««l.  Tho  i.Tystallini.*  fonn  of 
diamond  is  thai  of  tiie  regular  (HHohcdron  or  cnN-,  or  winii-  finnri?  );rviuffl 
eally  tvinni'iti-d  with  tlii*-.  Many  of  tiio  octohiiiral  crystals  cxhilMl 
very  pvcnliar  ap|n'aranc(«,  arising  from  ihn  faces  hcing  curvod  or  ruund' 
which  gives  to  fill'  crystal  au  almost  spherical  llgnre. 

The  diamond  is  infiisihle  and  ntialti'rahle  even  by  a  very  intenae  bii 
provided  air  l»'  cxcIuiIimI  :    hut  whi'ii  heat^^l,  thus  protert<-d,  U-twi'eii 
poles  of  a  stroni;  galvanic  Iwittory,  it  is  converted   into  coke  or  graphil 
iivatnl  to  whiteness  iu  a  Tinsel  uf  oxygon,  it  burns  witli  faoilit^-,  jri 
oortwuic  auid  gas. 


Fig.  lOT. 


Tlic  diamond  is  tlie  hnrdi*«t  substance  known  :  it  admit*  of  h'inj:  i  _ 
nr  cloven  without  difficulty  In  particular  directinns,  Imt  can  only  Im<  rut  | 
ahra/ltul  by  a  second  |M>rtion  of  (he  same  material ;  the  |N>wili'r  rnl>tH<<]  i 
in  this  pro<vs«  servw  for  polinhiiig  the  new  faces,  and  is  also  highly  tt»f 
Ui  llie  lapidary  and  seal-engraver,     (hie  verv  onrioii*  and  n.'i-fiil  appUd 
tiou  of  the  diamond  is  maile  by  I  he  g1;.  ' 
like  a  bit  of  flint,  or  any  other  liar>l  sujs-i 
gl.Hns  ;  a  rrifiUnl  of  diamond,  iiaving  the  ■ 
of,  hi'ld   In  one  jiarticciliii   jnisiilon  on   r 

fornuMl  by   Ihe  mi>  •'titi  -  uT  \\\,>  ;m1i;i<  •  nl   r 

tlien  drawn  nl 
trale«  to  a  ri<- 
with  /ii'if  ■ , . 

Oraiihii  nUigo  ajipeari)  to  cni\«iiit  itiseittlally  uf  pur*  tm»h 
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-"    - ■ '■■■■  •-■■•    •' ■•  ■  " iv  of  w1iii-)i  vnrips  fruni 

iii'-whnt  rnrp  niinmil  ; 

;  '  >Iy  (ililnliii'ii  (roiii  Hur- 

intM-rluul,  wlicre  >  kiiiil  uf  >rr>>Kiiliir  will  is  ruutiil  trnvciK- 

ii   'ilali'  Kilx   of  llin(   tlistriot,  liiit    tli>?  niiii«r  is  iinw  iimrly 

.U«l.      1  qihite  art-  iiniMrted  fnmi  fJiTiuan/.  tlin 

^.I]Mli<«.  "  *     Oystala  are  not  enniiiion  :   wliiti 

'   "I  ;i  short  six-didol  ]>ri.im — u  form  ln'oring 

1   tht*  iliuniDnil. 

!   ^i  lifiHally  iu  certain  mi'tnlliiTgio  oporationR  t 

whii'lj  9oiu(*tniM*s  Hi'jiaratt'   froin    nn'llo'i   uist-iniU  uu 

iKf  worknieii  "kisli,"  itjiisial  of  grapliitn. 

.  tint  iiiiitt  jirwluci'd   hy  Hit'  iiii]>i>rfot't  c<iiiil>iifition  of  oil  or 

-t  >-xntii{iI<'  lliAt  aau  be  givi-n  of  cartxm  in  its  uncryfitnlliiiMl 

To  tlin  BaUK*  class  In-long  tin-  riiffcrt-nt  kinds  of  tliar- 

i.  I  from  woi«l,  cither  \iy  itislillatlnn  in  a  largi.'  iron  re- 

'    -    '        iihnstiiin  of  a  {lilt*  of  fagots  partially'  coviTi'd 

li-  as  fui'l.     Cokp,  tho  diarcnnl  of  ]iit-c<ial,  \» 

.^ins  ft   large   iiiiaiitity  of  I'artliy  uiatti-r,  and 

.  till'  c|uulit,v  dopi'mliiig  wry  niudi  iijmn  the  nimli-  of 

ottl  froiu  boura  nml  nnininl  ninttcra  in  gunrral  in  a  n-r.v 

ubAtiiiiiA',  un  Acootint  of  tho  extraordinary  poWfr  it  jKit^si'^itttf  of 

injuring  inntt<'rs  from  organic  Bolntions  ;   it  l»  n»ed  for  this  pur- 

:  to  a  Very  gri-al  pxli-nt,  and  also  liy  tin-  niannfnr- 

.iist.     Tlip  property  iu  (jm-stion  is  jiu8s«-8b<^  hy  all 

-,)>i>.ii  III  .i  )-mjUl  d(*grn4t. 

niaile  Ironi  l«ix,  or  other  deniii'  wood,  has  the  property  of  con- 

.'■   luiil  viiptm  into  its   ptin-s  ;  of  aniinoniaial  gai-  it  is  said  to 

III  ninety  limes  its  volume,  while  of  hydrogen  it  takes 

Is  own  bulk,  the  quantity  lieing  appnri'ntly  conneetiil 

in  the  gas  of  sulfering  liqncfaetion.     This  property  of 

well  us  the  decolorizing  power,  no  doubt  depends  in 

same  pi-enliar  action  of  surface  so  remarkable  in   tho 

1  a  mixture  of  oxygen  and  hydrogen.     The  al>sorbing 

II II.  I'.iisiderably  inoreas"!  by  saturating  charcoal  with  solu- 

erf  {datintini,  ami  niil>Ki-<|iieutly  igniting  it,  so  as  to  coat  the  charcoal 

u   tiiio   Jlm  iif  platinum,     Or.  Steiihouse,  who  suggested  tbis  plan, 

thus  sb&orbed  undergo  a  kind  of  oxidation  within  th« 


Compmmili  of  CarboM  ami  Ori/gm. 

•  iidiriTt  ini.rganic  roni].ounds  of  i-arlion  and  oxygen,  cbUihI 
ide  ami  carbon  dioxide;    their   wimpositiou   may   lie  thus 


rr-irliHr  ivltlcli  cin  tic  •llr'' 


■ttv  cut  for  npnelli  opcnrrlnir  "nXv  In  llirlle  I 

'  finn.  the  Inferiiif  mrlelien  of  the  miDernI, 

IMltlxme.     Tlie  n..ch^nlr,l   .llvlMmi  of  cnj- 

,     iijumlii  nrnillc.  nii|.lipnl;j';.  >i"wc\er, 
lul  SIImtIhii    erupt 


nlililii'i 
phi  to. 


Thl>  proem 


ltri\i.hllc,  |irr»lniii.|y  nilxei)  with  ■ff 

■    •     -'^   Brfd, 

The 


.Ir,  Into  'i    |inrt«  of  cniirenlriHivl    slllptmrlc 

,    until   tlip   rvnlullon   nf  iplil   fiimen  re««e». 

;.i    ,  .  .  .     .11.1  the  irtBplilleilrlf.l.    Tlm»  |irptmm1,  lti>»  •uo- 

■i.  «  tfmiMTjttvreii)>ifr)Hiehlag  »re<l  heat,  •Weill  up  to  »buV\H 
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Gmrbon  monoxide,  CO 
Carbon  dioxide,      CO, 


Bjr  Wi-lKlit. 
Carbuu.       Ox/KCD, 

.     12  Hi 

.     12  32 


Carbon  Dioxide  or  Carbonic  Anhydride — (coninionlv  caX 
bnnif  Ariil),  ig  nhviivs  prixluiisl  ult<'li  thiimial  liuriis  in  air  or  oxyg 
it  in  luiist  c'oin-i-iiii.'iilly  ulitiiiiii.<<i,  howrvor,  l>v  rircnmiKxiliig  u  est 
with  Olio  of  tlii;  KtrouK'T  acids.  I'or  this  purponi-  tUt-  uppnratiis  for  g«j 
rating  liydrogi-ii  (p.  13(1),  luay  again  Im  vniployinl  ;  fruKnicnl*  of  mar 
are  put  into  the  Imttle  with  vnoufch  wuUt  to  covrr  the  extri'niity  ••(  , 
funuel-tulM<,  and  hydrochlorio  or  nitric  ai'id  i»  addivl  by  the  latter,  u( 
the  KHX  i»  freely  ditienjjaged.  C'halk-iM>wder  and  diliili;  sulphuric  neid  i 
be  u»etl  insteAd.  The  (r.-ti  may  1hi  oollecti<d  over  wati'r,  allhoii^h  w| 
some  liwH  ;  or  very  iimvenienlly  by  displaoenient,  if  it  !«•  riHiiiinil  dry, 
shown  in  (!»;.  108.  The  long  drying-tulw  is  lllled  with  frannienl.i  of  valrit 
chloride,  and  the  heavy  gaa  is  eonducted  to  the  U>ttoiu  uf  the  veMclJ 
which  it  is  tu  be  received,  the  mouth  of  the  latter  U'ijig  lightly  closed. 

Pis. I0(. 


Carlnu  dioxide  l8  K  oolorU«ii  gas  ;  it  haa  an  ngnmable  pun)|i»nt  laata  i 
odor,  but  cannot  be  renpired  for  u  minute  without  inKenfiiliility  folluwi 
Itti  s|>ecitlc  iftarity  Ik  1.S24;  a  litre  weighs  l.liUUtri  granut,  and  ItKl  cub 
iuehiti  weigh  4T.*2ii  ;:rain9. 

ThiN  g««  in  very  hurtful  to  animal  life,  («v«n  when  largwly  dllntvd  with 
air:  it  nctn  a»  a  narcotic  poison  :  lienoe  the  dan^'r  nrisini;  fron 
ventilation,  tin'  use  of  llre-plnce«  mid  sitov.-s  of  all  kiii^ls  nnp' 

h'yn,    and    (be    crowding    together    uf   many    heii.-l 
ips  without  ■■Aicicnt  nieiiMH  for  renewing  the  nir  :   for  carta 
dli'x  -tantly  diticngagefl  during  the  proo-ns  of  rcKpirntion,  whia 

•8  alrvwly  nienllone<l   (p.  124),  is  nothing  but  n  prtM'i><<.H  of  «low  cotatj 
lion.     Tliii<  gnu  id  (ujinetiines  etnilt,-)!   in  lar^r"  i|nnhlily  from  the  oarlli  I 
volcanic  di^trietn,  and  it   ip<  ixmidatilly  j  ■ 
in  the  art  of   undergoing  ferno-ntive  ■! 
damp"  of  the  noal-mlne*  contains  a  large  |>i'iii<riii"ii  <n  i.iiihui  .noj 

A  lighted  taper  plungwl  into  cnrla>n  illoxMe  !•  Ilixtanlly  exIluguiiiUMl 

•  Inc. 

*lv».  III!" 

»»ry  |ier\  i. .  ......       :....-,; -    ,....,  .....i   ^ ;    .  -. ,., 

Bunarn  bnrun.  and,   wtora  n€flr««ar|f,  cut  by  aoratcblus  wilb  a  ol«  luia  br 
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In  %%,m   r-A-1%M  •itt.-T.     Tin-  (tii»,  when  itiliited  wUJi   throw  tinit^  ita 
'lie  (iiiwiT  •'!  -liiliK  A  li>;lil.     It  is  •'llKily 

!|.  wliirli   i  jiHhlo  ">f  «ii|)[K>rtiug  inm- 

'>i'i|itiun  hy  i'«ii-iii  luKaii,  or  liy  liiue-wntur  ;  tbo 
>l  to  iIk'  l.tiii-r  (nuu  tliu  prmlui'tioii  of  iu«utuble 
•  ry  cli.iriK.li'rii'lir.. 

aUitit  It*  uwn  roluitiv  of  cnrlwii  tlioxitk',  whntovcr 

■jm  Willi  wliich  it  is  iu  coutaot  (c<iu)|i.  |i.  14U)  ;  tbu 

iilv  ie<lili-iiH  litmus  pajHir.     Iu  voiuiiiuii  (•ujn-wat>ir,  iind 

iiiim,  t'xauiples  mny  l>'  sm'n  of  llie  uoluliility  of  tlii<  gna. 

.1  iHTecptil'li' i|iiniitityi 

Sutti  'ii-iioiiK'iiu  ntti'iiillii^  Iho  llqucfnctioD  uf  carbon 

xl  .,  ili'^i'riUHl  (|i.  i!4)  :   it  rwiuires  fur  'lni  piiriKnio 

^-  '  (iliiiiwpln'p's  nt  W^.     Tin'  liijiH'liiMl  oxiilp  is  mIurK-«.t  nmi 

'.d  ;haii  wuter,  and  four  titiK'^t  iiiurt-  i-xpatu>iblt>  thau  air  ;  it 

1   pri>|>cirti«)n!?  with  i^tlitr,  alcotiol,  naplitliu,  uil  of  tarpentiui\ 

<l!>iilp)iii|i',  mill  is  insoluhlti  ill  wal<'r  niiil  fat  oils,     lii  this 

-  Milt  ••xliiliit  any  of  titv  proportii-s  of  an  acid. 

exists,  OS  alrundy  niKntiomil,  in  thi>  sir  :  r(<lativiily  its 
iiall  ;  tmt  Bbsotutcly,  tnking  into  aocouut  tho  vast  >'Xl(<nt 
'.  it  iK  very  Krr'al,  anil  fully  n<l>-qiinte  to  the  pur|>f)»o  of 
"fith  their  enrljon,  tlii«e  latter  having  the  fmwer,  hy  thu 
M  lc-nve»,  of  rlecouip<)»itig  carlion  dioxide,  retaining  the 
lliiig  the  oxygen.     The  presenile  of  light  is  essential  to 
'  I'lTrct,  but  of  the  manner  in  which  it  is  prodni-e<l  we  are  yet  ignorant, 
carhonntes   form  a  very  large  and  imiHirtant  group  of  sails, 
~  vliich,  OS  the  carbonate's  of  calcium  and  inngnesiuin,  oocur  very 
Btlr  in  nature.     They  contain  thu  elements  of  carbon  dioxide  and 
■xiilc:    i-Jlli'inni  cjirbonate,  for  example,  Ix-iiig  comjK»>'<l  of  5G 
tiitn  oxiile  or  lime,  and  44  |)art»  by  weight  of  cartKjn  dioxide, 
'"■■    I'J  earlion,  and  4S  oxygen,  a  composition  which  iu  repre- 
iiiulii  f'aO.f '(),  or  t'arOj;  bnt  they  are  never  formed   by 
of  ilry  carlnm  dioxide  with  a  dry  metallic  oxide,  the 
unrnrriilion  ui  water  being  always  re<|uire<l  to  bring  aliout  the  combina- 
tion      PoTweiam  earhonsle  (pearlash)  is  the  chief  constituent  of  wood- 
M  nil  earlmnate  ih  contained   in  the  aslies  of  marine  ]ilanls,  and 

r.^1  on  a  very  large  seal*'  by  healing  sodium  sulphate  with 
■  il.  These  carlionntes  are  soluble  in  water.  The  other  metallia 
«mjl»>tim<-!',  which  are  inMihiMe.  may  Vw  formed  by  mixing  a  solution  of 
putAxluui  ut  ...li.iiM  .  •irlxiiiale  with  a  soluble  metallic  salt ;  thus,  when 
wiliitioiiii  id  !e  and  sodium   carlioiiate  are  mixed  together,  the 

iMil  and  HOI  >;:e  places,  forming  so<lium  nitrate,   which  remains 

iliawilvnl,  and  Imd  cuibonate,  which,  being  insoluble  in  water,  is  preuipi- 
Ulol  In  Ui«.  form  of  a  whil«  powder:    Pb(.N(i,),-|- Na,<-'<'j  =  2Na.\(»,-f 

ri.nv 

Th  I*  i«  an  tdnmple  of  JuuU<  dteamiiotUion,  tlie  muAt  frequent  of  all  forms 

'     ' '  --■'   ;i. 

i  rarboa  dioxide  in  wator  may  lie  siipiiosed   to  contain 

..iiute  or   carbonic   acid,  consisting  of  2  ports  by 

w  J  i^rlion,  and  48  oxygen,  and  repri^senleil  by  the 

t"  .'*'»'.  but  this  ivmipouiid  is  uiit  known  in  the  neparate 

ttMUr,  uuly  tu  w|UaoU>  iiolutiuus. 

C    :'  "    iroxlde  (iiiimiionly  cfllle-l    Carlmim-   Oruir). — When    car- 

l-  ~,A  oviT  ri-.lliot  chotcoal  or  metallic  iron,  oui'  half  of  its 

1.  ..  n.....-.!,  and  it   U-ouues  coavvrlxA  into  carlion  monoxide.     A 
•<J  tMrtlik>d  uf  firtrfmring  iliig  gajt  h)   U>  iulrixluctJ   iulo  &  tlasV  &IW0 
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with  •  bent  tnbe  some  crystallized  oxalic  a«id  (n,C,0,),  and  poor  opon 
fivi?  or  rIx  tiiiiKS  )ui  iiiueli  slruiif;  oil  of  vitriol.    Uu  liL-aliiig  tlic  mixturiA,  \ 
oxalic  acid  is  n-sulvtsl  into  wntej-,  uarbou  dioxide,  uixl  c.'irl»iii  niuiioxi(| 
ll,C,<>,^t't>-44'(),+  U.j<.l:  and  bv  pimsiiiK  tlii-ga-s.-i)  tlirougli  a  ritrim^^ulut 
of  caustic  potaiili,  tliu   lirst  is  witlidruwu  by  ubiiui'iitiijii,  wbilir  ibe  nucm 
rniiAiiis  iiuoliaitg).'d.     Anolhcr  and,  it  iiiny  be,  |>ri'lcrable  luftbud,  is  to  I14 
liiii'ly  jiowiUtimI  yrllow  potassium  fcri-oc-yanidt-  wilb  Vigbt  or  ton  lime 
Wfiglit  of  (.ijncwnlratiHi  suljiburic  acid.     The  salt  is  riitircly  d«><)Uip<« 
yii-lding  a  most  copious  supply  of  jH-rfectly  pure  varUm  moiioxidu,  wliil 
may  be  itdlveted  ovi-r  walcr  iu  tlic  usual  maiuiur.     Tlie  reacliuu  is  rvp 
sunttnl  liy  tile  (Kiuatioii — 

«H,0     +     6H,.S0,     =     6C0 


K.KeC-.N,     4- 
Putftffiiuin  lerro- 
cf  nnlUe. 


Sulpliurlo 
acid, 

Atuiiioiilum  l>rruuB 

■uljilinte.  luljiliate. 


+     2K^\    + 

PotAHHiuin 

sulphate. 


Carbon  monoxide  is  a  combustible  ga.s,  which  burns  with  a  beautiful 
pnle-blue  flame,  generalinR  carbon  dioxide.  It  hai<  never  \Hv.n  liquefi^ 
It  is  ti)lorless,  has  very  little  inlur,  ami  is  extremely  jsiisonous — much  mi 
So  than  earlxiu  dioxide.  Mixed  with  o.xygen,  it  explotU>«  by  the  clwi 
spark,  but  with  some  ditficnlty.  Its  speeifie  gravity  is  0.973  ;  A  litre  wd| 
l.^.'il.'i  grams  ;    KHI  ciiliie  imhcs  weigh  31). 21  grains. 

The  relation  by  volume  of  these  oxides  of  earUui  is  as  follows  :    Carl 
dioxide  ixiiitaius  its  own  volume  of  oxygen,  that  gas  sulTi-ring  no  chai 
of  bulk  by  its  uouversiun.     One  measure  of  carlxin  monoxide,  luixeil  wi' 
half  a  meawure  of  oxygen   and   rxiiloded,  yields  one   measure  of  carli 
dioxide  :  heiiee  carbon  mcuiuxide  loutuiiis  half  its  volume  of  oxygon 

Carlxm  monoxide  unites  with  ebUirine  uiuler  llie  influence  of  light, 
forming  a  pungent,  suflbcatiug  eiimpi>un<l,  |M>ssessing  auid  properties,  call 
phosgene  gas,  or  carbonyl  chloride,  CWl,.  It  is  iiiaile  by  m 
iug  equal  volumes  of  carlxiti  monoxide  and  chlorine,  both  perfectly  d 
and  uxjKwing  the  mixture  to  sunshine  :  the  gases  unite  quietly,  the  i-olor 
disappears,  ami  the  volume  lHs«mi«  reduciMl  to  one-half.  A  more  conve- 
nient method  of  pre|iaring  this  gas  consists  in  passing  carbon  monoxide 
through  autimouy  p.'ut!ulil<>ride.  It  must  be  rweiveil  over  mercury,  aa  it 
is  deo(>mpuse<l  by  wiiter.  When  pureit  condensi>s  toa  liquid  at  IP  ;  or 
quickly  at  the  temperature  of  a  mixture  of  ice  and  salt. 

Coniponndt  nf  Corlnm  and  HifilrogtH. 

The  compounds  of  cnrlinn  and  lo'drogen  already  known  are  exceedingly 
numerous:  perhiiiw  all,  in  strictness,  tielong  to  the  domain  of  organic 
chemistry,  as  they  cannot,  except  in  very  few  cases,  be  formed  by  the 
direct  union  of  their  elcuieiils,  but  always  arise  from  the  divomjMwilion  of 
a  complex  txKly  of  organic  origin.  It  will  Iw  found  convenient,  notwith- 
standing, to  describe  three  of  Ihem  in  this  part  of  the  vohnne,  as  they 
very  well  illustrate  the  important  subjects  of  combustion  and  tlie  nature 
of  Uami'.  ■ 


ni, 

1 


ruu^^ 


Methane  or  Marsh  Qaa  J   Ligk  Cnrliurillftl  Hiiitmgm ;  Fire-ilnmp,  CH|P 
— This  gas   is    but  Ichi  often  found   to  be  abundaiitly  disengage<l    in  ooal 
mines  fnnn  the  fresli-<'ut  surface  of  the  coal,  and  from  remarkable  apertures 
or  "  blowers,"  which  eu>it  for  a  gre^tt  length  of  time  a  copious  stream  or  j   "" 
of  gas,  probably  existing  iu  a  state  of  compression,  ]H>nt  up  in  the  coal. 

When  the  tnud  at  the   lx>ttom  of  [xkiIs   in  which  water-plants   grow 
stirreJ,  bubhUts  of  jtna  escape,   which   may   l)e  easily  t>ollecled.     This,  < 
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■ti<n>.  U  fonod  to  bn  chl*.<fljr  k  tnixtare  of  Ught  rartmrettod  hrdrogen 
horn  dinxiil« :  Uic  Uttrr  U  easily  Kbiiorbvtl  by  limv-waUtr  »r  caiiatio 

'■"I  w.-Mi  known  Iiy  wliii '  >>' ouuld  bi"  pro- 

i;;  t<i   purity  i-y  iirtii^  .    th«  varioiiH 

•  iial  fliiil  (■:!     ■•■  '  "     '  ...v.i,...  .  l.v  paji!<iii(i:  tliu 
I  riii-liiit    t  lit    Ijir^i*  iiiiniUiti<->^  tif  it, 

ilnTsiil^i  1  h  hnrdtjr  ikIiiiU  of  soparo- 

<   lias  iii!>oovi'rc«i  a  int-tbod  by  which  it  con  be  prodauod  { 
lid  lu  aiii-  i|uautit,v. 

iidu  i>f  4<l  \mrVi  iTvstiillisitl  H»:ltiiin  ni'i'tntu,  4(1  partx  iwdid 

'••,  mid   til)  purlH  i|tiii'kliiii<r  ill   |niwd<'r.     Tliit  iiiixturi'  is 

■  r  n-liirt,  niid  i.troiij;lv  hontiMl  ;   tln>  gns  is  ilisi'ii;;ngcd 

I'l  uiav  In'  (x^>l)ci.'ti*il    ov>T  Wttt^T,  uiiilu  KtHliiiui  vjir- 

*    li.     Tlio  ivaulitiii  u  rfpri-sunted  bjr  thu  t.<<|u:itiuu — 


9<»dlum 

»MI*t«, 


-I-      NttHO 

Soil  turn 
^J■<lroxiJc. 


Mnrsh 


+ 


Na,rO, 

Soinum 

eiirbOD«te. 


■wo  of  \haf'  it  raerrly  to  prnvvnt  tUt;  soda  from  fusing  and  sttaclHn^ ' 
ie<ib>a. 

lA  A  rolortt^s  and  ui>arly  im^lnrniu  gas,  which  Aov»  not  nffrvt 

liirK.      It  burn.'*  with  ii  ridlow  lluuu',  gL-n<'ratiii^'  i-arli<>u  dinxiilx 

It    i*   iiid    ih)i>"iii'U!<.  ;iiid    may  bi-  rosi>ii''il   to  a  jjrnat   L-xtcnt 

\  Ap]iiiTi'nt  injury,     Tho  d<Mi!<ily  of  tlils  ciuiipouiid  is  nlKnit  O.r>r>0,  a 

.rliiii.'   ('.7155H  gram,  ami  1(HI  ruliic  iiiclii-s  wcij^hinii  17.4lgraina; 

II  nn<i  liy<lr<i;;i<ii  a3i«'><-ial<'d  in  the  proportion  of  Imparts 

i.irniiT  to  4  of  tlie  latter, 

loii  ui>:a«uri9*  (if  thin  ^M  ore  luixiil  with  2l)0  of  pare  oxy(!i>n  lu 

[iotni'txr,  and  tlio  uiixluri<  •■xpliMltil  Ijy  thv  fli'utric  spark,  llNI  inen- 

nMnaiii,  whiili   tirt-  i-ntinMy  Bli»orli.-il>b'  by  a  liltlo  8ti|utii>n  of 

li.      Now,  cnrUiii  liiiiXidi"   oonlniii«  Its  own  vuliimi-of  oxyjti-n  ; 

:i:ilf  Ibc  »xyt,'i'n  luldi'il — tliat  is,  llH)  mnasiii')^ — must  haw  ln't>u 

•  nm--i  in  iiuitiii};  willi  llin  hydrojriii.     C'oiisi'i|iiHnlly,  tlie  gas  must  con- 

:wi.'.'  it-  iiwn   ra<'af<urM  of  hydriijj;pii,  and  ■•nough  osrboti  to  produce, 

liurnod,  an  m|Ual  ((UAntity  of  oarlx>n  dioxide. 

^  w  iiiixiol  with  iiiarsh-gAs  over  wat«r,  no  chan);u  follows, 

"jirwid-.  i  li,;iil  Ij- I'xiliided.     The  prenenei*  of  li};lit,  however,  hrini;s  about 

ii>v-^u<]>'eilion,  liydriH'liloriu  ai'id,  ciirbciiid'uxidi-,  and  other  products,  beiii); 

iMraM'i.     It  U  Impiirtant  to  rememlH-r  that  tliis  gas  is  not  autod  upon  by 

chlHTiaii  \u  the  d&rk. 

Etbene  or  Olefiant  Oaa,  f..II,. — stronj^  spirit  of  wine  is  tiiixe<l  with 

_tf     •'    -W   Dill'.   11-  »fi;;lil  of  oil  of  vitriol  in  a  glass   tiask,  the   tulx^of 
-  -4  waHh-Utltle  f*out4iiliilig  ratistir  jxftash.    A  setHtnil  wash- 
l  with  oil  of  vitriol,  is  i'oniiectc«l  with  the  first,  and  fur- 
n:  '■■■  dipping  into  the  water  of  the  pneuinulie  trough.     On 

II  'II  of  hejtt  to  the  inintenis  of  the  tIask,  nb-ohol,  and  after- 

w  •'   -ir  appeai-aiiiu- ;   liut,  as  tliii  tenipeiatiiri'  rises,  and 

ti;  the  ether-vapor  diinininhes   in  quantity,   and  Its 

{>  pari    Hiijiplied    by  a   (HMinnneiit  inllaminable  gas  ;  . 

r,  phiiroii*  oxiile  am  also  generaterl  nt  the  same  time, 

t.  produetn.     The  two  IttAt-nieulioni-d  gast's  are  al)- 

lU  111  the  tlr<t  Uittle,  and  llie  I'ther-vaiMir  by  the  acid   in 
ii  lli«  olellant  g«»  i»deliveri>d  tolerably  pure.     The  entiro 
rratUvu  k>  I'Ai  coiuplox  to  Ih<  tihvtiasvd  at  (ho  present  luotuent',  \l  w\U  Vx>  I 
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found  fnlly  described  in  the  third  part ;  but  the  ethane  may  be 

as  resulting  from  a  simple  dohydrntion  of  the  alcohol  by  tho  oil  of  vitri 

C,ll,0    =    C,H,    +     ILO 
Aloohol.  Ettieue.  Wiiter. 

Oltfflant  gas  thus  prwlufod  is  fol(irl(«R,  nKntrnl,  and  but  sliRhtly  soluble ) 
wattT.  Alriihol,  trtht-r,  oil  uf  tiirpentiuo,  and  ev<'n  olive  oil,  dissolvi-  it  I 
a  (;<>iisiiler»lili.<  uxtcnt.  It  \itis  a  t'niiit  odor  of  gnrlir.  On  the  approach  I 
a  l(iudl<'>l  tajHT  it  taki^  lire,  unil  burns  with  a  splt^ndid  white  light,  !~ 
surpassiii);  in  brillianL-y  lliut  priHliirtHl  liy  niHr!ih-j;a».  This  gas,  wlu 
mixed  with  oxygen  and  lired,  explodes*  with  extreme  violence.  Its  densi^ 
is  0.981  ;  a  litre  weighs  l.'J51t)4  grams  ;  lOU  cuhio  inches  weigh  3U.fl 
grains. 

By  the  use  of  the  eudiometer,  as  already  described,  it  has  been  fou 
that  each  meaMure  of  ethem*  requires  for  complete  combustion  exactly  th 
of  oxygen,  and  proihu'es  under  these  eirciitiuslunei'S  twomeasiiies  of  carh 
dioxide:  whence   it   is   evident   that  it  contains  twice-  its  own  volume! 
hydrogen  combined  with  twice  as  much  carlxiii  as  in  methane. 

By  weight,  these  pro|Hirtion!<  are  24  parts  carlmn  and  4  parts  liydrogB 

Kthene  is  dciximpused  by  posising  it  through  u  tnlw  heated  to  bright  rcd- 
ne>is;  a  deposit  uf  chnrco.il  Hiid  tnr  takes  place,  and  the  gas  iKt-omes  con* 
verteil  into    marsh-gns,   or   even    into  free  hydrtrgen,   if  the  teuiperatiU^H 
be  very  high.     This  latter  change  is,  of  course,  attended   by  increase  ^^t 
volume.  ^^ 

Chlorine  acts  upon  ethene  in  a  very  remarkable  miinner.  When  the 
two  liuilies  are  mixiMl,  even  in  the  dark,  they  combine  in  ociunl  measures, 
and  give  rise  to  a  heavy  oily  liquid,  of  sweetish  taste  and  ethereal  o<lor,  to 
which  the  name  of  ethene  chloride,  or  Dutch  liquid,  C,H,('lj,  is  given.  Il 
is  from  this  peculiarity  that  the  term  olifianl  gas  is  derived, 

Un  mixing  in  a  tall  Jar  two  me.-ixures  of  chlorine  and  one  of  ethene,  i 
then  quickly  applying  a  light  to  the  tiinuth  of  the  vesbel,  the  clitorliie  i 
hydrogen  unite  with  llame,  which  passes  quickly  down  the  jar,  while 
whiili-  of  the  carlnin  is  set  free  in  tbe  form  of  a  thick  black  stiiuke. 
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Bthlne  or  Acetylene,  C,Hj. — ^This  hydrocarbon  is  formed  by  the  dii 
union  of  its  elements.     Hydrogen  and  carlmn  do  not  combine  at  ordiimry 
temperatures,  or  even  under  the  influence-  of  the  most  intense  heat ;  but 
when  an  eUn;tric  arc  from  a  very  powerful  voltaic  battery  is  jtassed  lH*tw«4ri^| 
carUin   pol(«  in  a  current  of  hydrogen,  the  carUm  aiid  hydrogen  unite  t^M 
form  aivtylene.     This  com|)ound  is  carri<>d  forward  by  the  stream  of  hyilro^^ 
gen,  and  on  passing   the  nuxe<i  gases  into  a  jiohitiou  of  cuprous  chloride, 
the  acetylene   is  separated  in  the  feirni  of  ji  red  holid  co]»iM*r  Oompoui 
whicU,  when  de(.vm|HMed  by  bydriiilitoric  acid,  yiidds  pure  luytyleue. 

Acetylene  is  a  wilorless  gas  of  specilic  gravity  0.92.     It  burns  in  the 
with  a  bright  smoky  tianie.  and  wlien  mixisl  with  chlorine,  del<iuatv8  almoet 
instantly,  even  in  diirused  daylight,  with  separation  of  earlxm. 

Acetylene  is  one  of  the  cfmstituents  of  coal-gas,  and  is  prf>dnced  in  the 
imperfect  combustion  of  various  Ixslies  wintoining  carlnni  and  hydrogen. 
Thu  mixles  of  formation,  reactions,  and  derivatives  of  this  com)>ouiid  wilfa 
be  further  considered  under  Organic  Chemistry.  ^B 

Coal  Oil  and  Oases. — The  manufactnre  of  coal  gas  is  a  branch  of  in- 
dustry ol  gri'ul  inteiol  and  iiu|Mirtanc<-  in  several  jjoints  of  view.  Tho 
process  is  one  of  great  simplicity  of  principle,  but  requires,  ill  practice, 
gome  delicacy  in  management  to  yield  a  good  result. 

When  pit-«oal  is  subjected  to  destructive  distillation,  a  variety  of  pro- 
duvla  Dhow  Jhcui.ielves — ^jMinnancul  gast-s,  steam  and  volatile  oils,  besides 
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'  (»r»wj«1i1PT«W'-  <jniinHtT  of  ammoTiin  from  the  nilrognn  nlwayii  prhspiit 

rii  llu'ir  proport lulls  with 

'-<1,    the    |MTUIitIK-Ut  gU»li» 

' ,  nt  lliu  !>aiuu  tiuir,  tiwiiig 

Ht.  •  'Kill. 

f^-  ■■ iiiiiwl  nt  a  liriKlit-rixl  heat, 

(•••l  intri  It  liiiif;  liiiri/.i>iital  I'i|"'  of 
itli  lit|ui(l,  into  which  th"  fxtrcmity 

•  lips:   Ihia   in  cuIIimI  (lilt  hyilr.iullu  iimiii.     Thi' Kiid 
tt'                                  vRfHim  «rn  tii'xt  iiui'li'  tn  travtTKi"  n  n-friciTalor— 

■'■>!,  coolol  (III  tho  oiitsirlo  liv  n  ntrciim  "f  wntcr; 

tar  ukI  till!  amiiiiinincal  lii|Uid  Ix-coiiics  coin- 

MtiwnrilH  to  iiiiiitlKT  |iiirt  of  llu>  )ip|iurnlusi,  in 

ilphuri'ttixl  hjrilni^'i-ii  ami  i;irlKinii:ni|i|  alwn>'d 

,  !       1  li,-   -.i.-irriiinii  wiui  furiiiirlv  ellocti'J  liy 

l>iiiiiiilii  ill  (|iii-stinn.     The  ima 

I  hjr  that  of  a  mixtiiro  nf  anw- 

■nii>  oxid':    Tliir  iiiixliiiK,  Hl'trr  linviu);  bi'oii  usi'd,  i.s  vxputivd  for 

n..  I.,  ilir  iilmiwiilirri'.  nn.i  is  tliou  lit  for  asu  n  si'cond  tunc.     Tho 

ll.'cl  •■itlii-r  with  slaki'd  liiui- or  wiDi  thu 

liiiiltod  at  till-  JHiltom  nf  thu  vi'[wn|,  mid 

.  ..1.  •■  of  tht-  piirifviii){  n^'Mits.     Tlu' I«at  part 

I'lxl,  i«  ofli'ii  <iiiiitti-<l,  iHiiisists  in  ]in.Hjiiiig  the 

110  Held,  ill   nrili'r   to   rrmovo  aiiuuunia.     Thy 

I   i«  Vfry  »iiinll,  ridallvrly,  tn  llio  bulk  of  the  g»», 

•rk.  lioconii'S  an  objret  of  importaiio-. 

ii'tnriMl  and  pnriliiid  is  pr»*!«iTv»Ml  for  iisn?  in  itntni'iuie 

■■«m(  a(  Diflop,  iKuspondi-d  in  fniiknnf  wnlrr  liyohiiina 

iitni'licHl.  »n  that  tliH  gaa-holdiiri  riKo  and  nink 

il  :■•  lilli'd  from  III)'  piirifiors  or  cnipliwl  hy  tho 

'  ■  ■■(  l.'iri;i>  i|itiiiii>t''r,  to  dimini-th  as  iniirh  an 

I   liy  the  ana  in   piutsiiiK  through  sindi  a 

-I'  iiiniibi  aro  still  madi-  in  «o  iniprrlrct  a 

''i«.i  lit  (•xpiTlxiuwd  liy  li-akaj^n  whon  pn'smim  ii|kiu 

•  •rd'd  liy  a  column  nf  wat«r  an  inch  in  height,* 
1    much  in  omiposition,  jiideiiig   froin   itu  varialdo 

I'i  jmwi'rn,  anil   from  the  analys>'»  which  have  Iwcn 

of  siicli   in  MS  «ri!  very  great,  and  iinli;»a 

^1  •■'  taken,  II  'r>>  iniTrly  approxinmlw.    Tho 

1  torontaiii  ;...    : wing  KulMtamvs,  of  which  the 

irW  U  tbu  tiHWl  aliuitdatil  and  llio  »<cood  the  most  valuahlu: — 


U  il» 


nfi'T 


U/drogcii. 

■    r*  pxtrnt  of  thin  wpc'lpn  of  m*ntifnnttirr,  to  mention 
ilnf   Uonilon   unil    »hf   HUlmrlis   nlmip,  IliiTf   wcro 
ii>'i.'0>  liivcAiril  In  plpr-*  nnil  n|iti'tritiifl.    The 
'.  mid  Ihe  (•oiKiiiiijiliiiii  nf  I'onl  in  Itir  «inio 
1  ciilili-  fprt  of  it'is  tiolmr  niiilc  In  the  ypur, 
.  ...ii  .1>,4in  vtrrct  IniiipB.    gill  Ions  of  conln  wrrc 

b«  f»lorl»  111  III"  •imiw  ul   Iwcnlyfour  liniirs  itf  inl.lw Inter  ;  ami  ",120,011 
•>  or  («■  coniuinvit  la  llic  longest  nlfht.— fee,  Dlc/lonarjj  of  Arit  and 

The 

:.  I» 
.  i.f 
i^itu      lu  iin>  y»-^r Ki7  the  lu^Uis  ia  tlio  iJoiiiluu  ftUui;t»  Uiul  iCAcUciX 
■  jtfjr  ItagUi  of  JOOti  miirs. 
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f..i-lu,n  Mnuoxiilp. 
"It. 
1  't>  uf  voUtilr  liqaUl  nydrocartmu.* 
Vapor  of  Corbuu  Bisulpltiilv. 

SfjitmUrtl  ^j|  Chmtnuatiom  and  iy  Uu  l\tr{fitrt. 

T&r  *lul  Volfttile  Oil«. 

Aminiiiiiuiu  ^ulplittti*,  Chloride,  and  Sulphide. 

Hvilrogfii  Sulphide. 

Carlxiu  l>lcixi<tr. 

UvilriM-yanic  ncid,  or  AmDKmiam  Cyanide. 

Sulphucvauic  avid,  ur  Ammouiuui  SulphovyanaU). 

A  far  bettor  illuminating  pa«  may  U-  prt-pari'il  from  oil,  hy  dropping' 
ilil<i  a  rwi-hot  iron  r<.'lort  fillwl  wllli  coIch  ;  thi-  linuij  ii>  in  grwil  part  \" 
oomjKwwl  aud  couvertixi  into  pKruinncnt  Ran.  nhioh  rL-quir^  no  purilla 
tlon,  as  it  is  quite  frt^  from  tht*  anunoninc.il  aud  xulpliur  oniiixMiiirlti  whfa 
vitiate  gan  from  coal.  Many  yi-ar»  auo  tlii.«  em*  wiu  prcpiirt'il  in  Uiiidnil 
it  was  f'onipn*sseti,  for  Ihr  iisf  *»f  lli-  '      tfl 

thi!  fxti'nl  of  thirty  atmosptn-rt's  :  I ' 

of  jK-culinr  ooiistruction,  and  rxchii;.,-  .  - In 

nmipar.itivrly  liigh  jirioc  of  thf  material,  and  ollinr  mr' 
the  abadonnK'nl  of  thi-  umlvrtai^inj;.     On  the  CoutiiuMii  ^. 
MTuIy  prvpared  from  wuud. 

CoxAuttion,  and  tfit  Strvetiirr  of  FUimt. 

When  any  solid  auliatanei?  rapablo  of  lirnrinj?  the  flnr  in  heatod  to  a  oei^, 
t-iin  |>oinl,  it  emitu  light,  the  charai'ter  of  which  di.-i>i-nda  u|xin  the  Iva 
peralurn*.     TIiii.h,  a  bar  of  pluliuain  or  a  iiixen  of  (Kiro'lain,   raiu'd  to  j 
particular  titujurraturw,  luTomi's  what  in  eallinl  n-<l-hot.  or  i.-iniit«i»'e  of 
\\f\\K :  at  a  higher  dr>;rM*  of  hoat.  thi^  light   liectiine*  whiter  and  niorr  ia 
t<MW«,   and  wlien  urpvl  to  the  utm>ifl,  ait  in  the  civf-^  of  a  )' 
plaw'd   in  the  llaine  of  the  oxyliyctroi-en   h|ow-|>ii»e,  Die  li>;lii 
n-«.-<tiM^'ly  {xiwerful.  and  a(x]uir>.«  a  tint  of  riolel,     I)oiliv«  in  U. 
art*  haid  to  be  iht^mdrtirrnl  or  fjititnl, 

Af;ain,  if  the  name  ex|M'riment    tx*  made  nn  a  piec**  of  rharonal,  ainiill 
etfeoK  will  lie  olvu-rved  ;   but  something  iu  a/ldition  ;  for  wbere.ia  the  \i 
liniini  and  (Mirei'Iaiu,  when  n'mored  fhini  the  Ore,  or  the  lime  from 
blow-pi|t«*  flame,  lM*^in  immetli.itety  to  omiI,  and  emit  !•<««  and  lera  lig^ 
until  they  become  eompletely  olKtimre,  the  eharix>al  iimitit.iiii*  to  a  gr 
extent  its   Iiil!  Hire.      I'nlike  IIj         '        ■     ■         - 


no  ehanjre  wl. 


'  r  of  weight  or 

-^         Tl..-    ■ 


in  a  tiLate  of  O" 
netioT]  ■   nr»v  .  ' 


ntm  ( 


tr.i  . 
k.T      , 
In  th' 
act  of  V. 
ev.' 

I; 

MKill ■,..    , •■• 

mintauoc  eonjoinod  with  a  cwruia  pniportJun  of  hydniguii  and  oxygon,  1 

■  Thr»i>  botUc*  iocrvaat  Uie  ttluaiUktlaf  yuwtr,  asil  oooftr  on  th*  (M  It*  >»»ir* 
lUr  oUor. 
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mmtaan  effeota  of  this  Uklure  nnt  cjisne  of  the  njiiil  aiu)  vinlent  oxidatiou 
W  <af  ton  anil  hTdn>gen  hy  tin.-  aid  of  lh«  friw  ox/gi^n  of  tin.-  air.  'Die  lioai 
most  Ik  rvfcrred  lo  tiie  act  of  olicmical  union,  and  th«  light  to  the  eluvmted 

1  (iit>a*ru1  urv. 

"I«,  it  JB  ea»y  to  iindfrstauil  the  rncann  wliicli  must  bo 

<~>'  thu  heat  of  ordiiiar}r  tirvs  to  tlii*  i>oiut  noci4»ary  to  nirlt 

.'  LkU,  aiut  to  hriiig  aljout  ivrlain  di.-sire<i  elTecLs  of  obeniioal 

II.      If  the  rat«  of  uouMUUiptiou  of  thu  fuel  vnu  be  increased 

'  '  '  11  of  air  into  the  burning  mass,  the  intensity 

V  rise  in  the  same  ratio,  the  quantity  of  heat 

I   .•  i;iiite  for  the  same  constant  quantity  of  chemical 

I  aiipply  of  air  may  b«  elfecttni  by  two  distinct  nie- 

1  into  tlie  fire  by  bellows  or  blowin)(-niaohines,  as  in 

.moil  lor^e  anil  in  the  blast  and  cu|xila-fiirnaces  of  the  iron-worker ; 

..  »y  b»>  drawn  through  the  burning  materials  by  the  help  of  a  tail 

V,  the  fireplace  being  closed  nn   all  sides,  and  no  entrance  of  oir 

i    Djire  )M>t«eiin  the  bars  of  the  grate.     8uoh  is  the  kind  of  furnace 

f  ;      '         '  '  >  Ibe  srientific  chemist  in  assaying  and  in  the  reduo- 

ti  -   by  chanvial :  the  principle  will  Ix-  at  once  nnder- 

>i  ...V  sectional  drawing  (lig.  U>!l)t  in  which  a  crucible  is 

fri  zi'd  in  tliii  lire  for  an  operation  of  the  kind  mentioned. 

I  •  iiory "  fnrnaoe  (fig.  110)  is  one  very  much  used  in  the  art« 

•faeu  ■atotknace  are  to  be  expoeed  to  beat  without  contact  with  the  fuel. 


rie-  IN. 


w 


Ftg.UO. 


-     l-v    I 


Thi»  dT^-rhambr  U  separated  from  the  bed  or  hearth  of  the  fnmacc  by  a 

■  ■rk,  and  the  Ilame  and  heated  air  are  reflected 

I'lrm  of  the  ro<if.     Any  degree  of  beat  can  be 

ui^i.iui'.i  HI  .1  luiM.T  r  ..I   iiin  kind — from  the  temperslnre  of  dull  rMness 

to  liiat    required   |o  iiiell    very  large  qiinnlilirs  of  cast-iron.     The   fire  is 

Ur^tid  by  a  chuuney  prvvidud'wilU  a  ttlidin^-jilate,  or  damjiet,  to  regulate 

the  dningbt. 

U 


no 
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SoliHs  and  Hqnids,  as  nipKed  metal,  possess,  wIipti  i«u9irientl,r 
thi"  faculty  of  emitting  lin'it  :  llie  ouiue  power  is  eiiliiliitiHl  \>y 
IxHlies,  bill  the  temperature  rei{Mireil  to  remler  a  gas  luuiiiinug  \»  iuc 
alily  higher  than  in  the  case»  alreaiiy  ilefioribe<l.  lias  or  vapor  in  thlsi 
dition  eonKtituteuy/riMc,  the  artuni  tutiiperaturu  of  which  geuuralljr  exve 
that  of  the  white  heat  of  sollil  ImnIIos. 

The  light  emitted  from  pure  Unme  U  oft«u  ezceedingtjr  feeble:  bat 
iltuMiinating  |H)wer  nin.v  l>e  immensely  increased  by  the  pri*"  ri 
jiialter.     The  tlame  of  hydnigen,  or  of  the  mixe<i  gaae»,  is  »C(ii 
in  full  daylight ;  in  a  dusty  almonphere,  however,  it  becomes 
luminous  by  igniting  to  intense  whiteness  the  floating  partiel<»  wit 
it  eomes  in  contact.     The  piece  of  lime  in  the  blon-pijie  flame  c-nnn 
a  higher  temjwratnre  than  that  of  the  Home  its«lf,  yet  the  light  it  ibt 
off  is  inllnilely  greater. 

On  the  other  hand,  it  is  possible,  as  recently  pointed  out  by  Dr.  Fr 
land,  to  produce  very  bright  flanu-s  in  which  no  solid  particles  are  presei 
Metallic  arsenic  burnt  in  a  stream  of  oxygen  produces  an  intense  will 
flame,  although  both  the  metal  itself  and  the  prinlucl  of  il»  iomliU»tl| 
(arseiiious  oicide)  are  gaseous  at  the  tem])erBture  of  the  flaiiie.  The  cii< 
bustlon  of  a  mixture  of  nitrogen  dioxide  and  carlmn  bisulphide  aUo  M 
duces  a  dazzling  white  flame,  without  any  separation  of  snlid  matter. 

The  eonditions  most  essentiiil  to  luminosity  in  a  fl.imeare  a  high 
raliire,  and  the  presence  of  gases  or  vapors  of  considerable  deiiMity. 
effect  of  high  temperature  is  seen  in  the  greater  brightness  of  the  flniiie I 
sulphur,  phofiphorus,  and,  indeed,  all  substnnc<«,  when  burnt  In  pM 
oxygen,  as  conip«re<i  with  that  which  results  from  their  eombuaW 
common  air;  in  tiie  former  case,  the  whole  of  the  sulistniices  pre* 
part  ill  the  combustion,  and  generate  heat,  whereas,  in  the  latter,  tf 
peruture  is  l»wi<red  by  the  pr<«enct>  of  a  large  (juaiitity  of  nitrogen,  wtil 
ooiilributes  nothing  to  the  elfect.  The  ndatfon  between  the  luiiiini«llyj 
B  flame  and  the  vapor-densities  of  its  mnatitui'iits  moy  be  swn  from 
following  table,  in  which  the  vapor-densities  are  referred  to  that  of  byd 
gen  as  unity. 

Jteiatwe  Dainties  of  Gaus  and  Vapnrt. 


Hydrogen 

.       1 

Arsonious  chloride 

. 

Water      . 

.       9 

Phosphoric  oxide    . 

.  71,  or  1 

Hydrochloric-  acid    . 

.     IHi 

Metallic  arseiiio 

.     1 

Carljon  dioxide 

.    22 

Arst'Iiiinis  (»?cidt« 

.     1 

Sulphur  dioxide 

.    32 

A  coinparisiiii  of  Ihi-si;  niimlwrs  shows  that  the  lirij;liti'3t  flames  i 
which  mntain  lh»  deiist'sl  vnixirs.      Ilydrogi-n  burning  lu  chlorine 

a  vajKir  more  than  twioi  ns  heavy  as  that  ris<uIliiiK  '-  '      '     ' 

oxygen,  and  acconliiigly  the  li(;bt    prinlured  in  tliv 

than  in  the  latter  ;  carlion  anil  sulphur  burning  in         _       , 

of  still  greater  <len»ity,  namely,  earhun  dioxidi'  and  sulphur  dioxli 

tlieir  iMrobiiHtioii  gives  a  still   brighter  light;  lastly,  phnnphnrua' 

lisjia  very  dense  vajKir,  and  likewLm-yieblH  a  prodmHof  greni  vopor-i 

burns   in  oxyt'en  with    a   brilliancy  which   the  eye  can  scarcely 

M'""     ■■    -    "       '    ■   '■       '!v  of  *   llnine  is  increased   b  ' 

roil  I. here,  and  diuiini<ihed  by  p 

of    !!■  .  v.ii     n.ii-    li..    r..,i,l..i..,l".,, 

the  oxygen  ;  and.  < 

tamp  IwHvrtiiw  very  ' 

pump.     FrMtiklanil  h,.h  ,iIh..  I..,iiel  lluu  euiellm  give  uimli  li-s*  lixt 
Imraing  nn   t/ie  top  of  Moul  Bliinc  than  Vn  Uus  NaWv.j  VwNuti  ^  ».\\\\« 
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Fig.  lU. 


Fl«.  IIS. 


Iiaatiiin  in  the  two  doww  is  nnarly  the  gamn.     The  effeot  of  oon- 

,..   ^  ..  i,,jj  t|,g  lirij;htiii?cs  nf  a  Hniou  ih  jiI«<>  striliinj;)/ 8oeu 
n   iiiixliin'  I'f  (■xyg'-ii    lunl    ln<lr<iy' u,    « liicli    giTi«i) 
a  burnt  uii>lfr  the  orJinarv  atiiiu^iilR-rii;  prt'SMiirv,  as 
lilow-)ii|iv,  but  a  vi-ry  brigbt  tliiab  wlicu  exploded  ia 
.it>iuet»r  ((I.  lUtt),  io  wlikb  tbe  water-vapor 
hX  thv  •xiiubuKtioii  is  )ir<ivpnt««l  fruiu  expamling. 
buminir   iu  the  air,  and  not  HupplieO  willi  uxygi'U 
I-  alrifiuly  statMl,  hollow,  the  cht>- 
ily  oinliiiwl  to  tliu  upot  where  the 
i,,,-.      iiiL.^  ■■{   a  lamp  or  oautlle  wheu   carefully 
Been  to  coiuiitt  of  three  Kfpnrate  {n>rtiDns.     The 
port,  easily  rcmli'nvl  cviilciit  by  depressing  upon 
pieu<  of  tine  wir<>-gaiue,  consists  of  oiiubustilile 
I  au  lir  theoapilliirity  of  the  wick,  and  volalilixed 
beat.     Ihls  is  surrounded  by  a  hij^hly  luminous  eone 
a(>«,  wkioli,  in  I'ontiu.-t  witli  a  cold  Lioily,  de|Kmits  miot, 
!       r  ii-cd,  feeble  in  its  li;;ht- 
g  '';;ly  high  temperolure. 

B''  ^i!  app<'aranL'es  is  as  fol- 

iire  vi'ry  uuii|ual  in  tlo'ir  altrnc- 
^reatly  exeeinling  the  former  iu  this  respect: 
'ittly,  wbi'ii  Liuth  are  present,  and  the  supply  of  oxygen  ia  limited, 
jgen  tAk<-3  up  the  (jreater  portion  of  the  oxy- 
Ihe  •'XvlUBion  of  a  grnat  port  of  the  e«rlion. 
Is  hnpp<'ne,  in  the  cam'  under  consideration, 
lillle  distaniw  within  tlie  outer  eurfioe  of  the 
.viixly,  in  the  luminous  fxirtion  ;  thi'  little 
wbi''h  ha»  penetrated  thus  fur  inward.t  is 
nsnuiiKl  by  the  hydrogen,  and  hydro-earlions 
rat4<d,  rich  in  carlM>n  and  of  great  density  in 
of  v.'ipor  (naphthnlene,  ohryseue,  pyrene, 
liMSo  h.vdro-carbons,  which  would  form  smoke 
ly  were  cooler,  au<l  are  deposited  on  a  cold  body 
in  the  flame  in  the  form  of  soot,*  beooine  intensely 
j^  l>y  tbe  burning  hydrogen,  and  evolve  a  light 
^Vliit<<n(!ss  marks  a  very  elevated  temperature. 
Kiitt.iior  all, I  s.'inily  visible  uone,  these  hydro- 
B- 

|tt  I  be  same  phenoinena  ;  but, 

I  giu  be  previously  luingled  with  air,  or  if  air  lie 
ijf  mixed  witb,  or  driven  intt>,  the  llatue,  no  such 
"'  "  ■  .,  I  ura  ;  the  h.vdrogen  and  corlxin 
va(>or»  of  much  lower  density, 
iii>i,iitii.iLiu^  (MiWMr  hIiiiosI  disappears, 
numou  UKiulh  blow-|>i|ie  is  an  instrnment  of 
:  it  is  merely  a  brass  tub<i  litte<i  with  an 
-piece  anil  termiuntnd  by  a  jet  having  a 
.two,  by  which  a  current  of  air  is  driven 
me  of  a  candle.  The  best  form  is  per- 
trWed  by  Mr.  Pepvs,  and  shown  in  Bg. 
i  is  vi-ry  peculiar. 

"lope  jiiRl  deseribofl,  two  long  pointed  cones 
,.^.  w  V.  »i>i>.h,  when  the  blow-pipo  is  good,  and  the  ap«r- 


:» 


I  Soni  !■  mil  pitri-  rnrhna,  but  •  mixture  of  besry  bydnMStbont. 
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ture smooth  and  round,  are  vpry  well  deflned,  the  outer  oone  being 
lowish,  aud  the  inner  hlue..    A  douMe  combusiion  in,  in  fuvt,  goinit:  un^| 
the  lilasl  in  tlie  inside,  and  \>y  tin-  oxttTiiol  i 
Tlie  sjiaoe  between  the  inner  and  outer  ooue 
UIIihI  with  exceedingly  hot  combustible  nuiti 
]>4ia»ehaiu)(  strong  reducing  or  deoxidizing  i 
era  ;  while  the  highly  heated  air  juiit  buya 
the  point  of  the  exterior  cone  oxidises  with  f 
facility.     A  small  jHirtion  of  uiatter,  supporl 
on  a  piece  of  charcoal,  or  lixod  in  a  ring  at  tfl 
end  of  a  line  platinum  wire,  can  thus  in  an  in- 
■tant  be  expostnl  to  a  very  high  degree  of  heat , 
under  these  cx>ntra«ted  circumslanoee,  and  ob- 
Rervntiuus  of  great  value  niude  in  o  very  ahutt^ 
time.     The  use  of  the  inRtniiiu-ut  re<|uireii  an  even  and  uninterru|>t<-<l  bh 
of  some  durutiiiu,  by  a  nu-tiiiid  easily  aixjuired  with  a  little  pHtience:] 
consints   in  employing  for  th«  pnr|>o!<e  the  muBcl(«  of  the  clieekii  nlo 
reopirution  being  omihictiMl  through  the  uustrils,  unri  the  mouth  liom  li] 
to  time  re|>lenii<lii-d  m  itii  nir,  without  intermissiou  of  the  blast. 

The  Argand  1.uii|j,  mlji|>ti.d  to  burn  either  oil  or  spirit,  but  especially  1 
latter,  is  a  very  uki'TuI  [lieoe  of  chemical  apparalns.      In  this  lamp  the 
i»  cylindrical,  the  llnrue  iH'ing  su|iplii>d  with  air  lioth  inside  and  outaid 
the  eoiiibiistion  is  greatly  aidixi  by  the  chiuuiey,  which  is  made  of  copf 
when  the  lamp  is  used  as  a  source  of  heat. 

Fig.  114  exhibitJ),  in  section,  an  excellent  lamp  of  this  kind  for  bur 

alcohol    or     wood-spir 
Fig.  H4.  Fig  116.  It  is  instructed  of  til 

oop|MT,    and      furniali 
with  ground  caps  (o 
wiek -holder     and     ap 
ture,»  by  which  thespU 
ia  introdut^-d,  in  orderl 
prevent     loss    when    t| 
lamp  is  not  in  use.   (i\t 
epirit-lampti    (fig.     IISJ 
fitted    with    ca|>s  t'l    pH 
vent      evn|iornti»n, 
very  convenient  for 
Blonal  use,  being  alw* 
ready  and  in  order,  f 


•  When  In  u»e,  this  xperture  muit  Kiwiifi  he  open,  othrrwiM  iin  iiMldent  j 
sure  to  hapiien  ;  the  henT  expandi  the  «lr  In  the  lump,  nod  (he  pplrtt  la  foroed « 
In  *  itata  of  Inflammntion. 


rig.  lla. 


t  The  iplrlt-lAmp  reprrBcnted  In 
lie.  Is  one  contrlvnl  hy  Iir.  J  K.  Mltrhe., 
"  It  la  made  of  tinneii  Iron.  The  nlroha 
la  |>oured  out  hy  mesni  of  the  hollo* 
h'lndle,  nnd  la  adiniiipd  to  the  cyliodrlr«l 
hurner  hy  two  or  three  tiihee  which  sre 
phoad  nt' the  very  bottom  of  thefMuntnin. 
By  mich  an  Drraoeemrnt  ol  parta,  the 
flh-oliitl  may  be  added  na  II  la  coDaumeil, 
and  the  (lime  kept  unirnrm  ;  and  aa  the 
ptpra  which  paaa  to  the  hurper  are  ao  re- 
mote froni  the  flame,  the  alcohol  never 
hcpomea  healed  >o  na  to  fly  olT  thmurh 
(he  vent-hole,  and  flma  to  ranae  greater 
waalr  and  danger  of  rKploainn,*' 

A  cyllndrloal  cblmney  la  an  advanta- 
(renoa  addition  for  many  purpoaea.  It 
mi^y  tw  made  of  (ln-p1*(eoroapper.— R. 
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Id  I/OTitlnn,  mill  "tbrr  I.irs»>  towns  wIiitp  coal-t^u  is  to  be  bad,  it  ig  ata- 
itaii'  '  tH.'uDoiii.v  and  Oilvnutajji'  iu  erer^  r«sp«ct  aa 

a  SI  ,>kx,  i'a|>!>iiU4,  aiiil  utlu'r 


i.'d 

'■r 

-I'?. 
■  :   a 


Ilg.  111. 


FIf.  U» 


lame  on  a  little  > 
•rMdgtai'  i>  ill  lit;.  117>  >^' ' 

Arxamt  ga«-l>uriu'r  &xe<l  uii  »  livavy  ami  Inw 
feel.  And  connoclMl  with  a  llcxiMi-  tubu  of  uaoutchnuv 
«■  oCbiv  luateriaJ,  is  Verr  «iiivt'Iiienl. 

A    bi):Uer    l«tu|M<rntiire,  and   a   pcrfmitly  smokvle^s 
'  '  r,  ol>taiMi'<l  hy  liuriiiiit;  tlie  fiun  jire- 

u   air.     Sueli  a  llaiin'  id  easilv  pro. 
.1^  J  I'ap  of  «ir(j-gaui.!  on  the  diiiuiiey 
irf  '  I  burner  Junt  descriljed.  anil  setting  llro 

tiiii  "'ve  tlitf  n ire-KBUie.     The  flame  does  not 

pTOPlffttc  Ixloir,  but  the  ga»,  iu  ]>as>>in);  up  the  ehim- 
dj^t,  l«v.mM«  iiiixc"!  with  air,  and  this  mixture  burua  above  the  cap  with 

•  !•*  liuie. 

-'  i>urnnr  for  prodooing  a  amokeltMS  Samo  baa  been  con- 

tritni  -JT  I  ."i'  -.-"1  Kunsen,  and  is  now  very  Kenerallv  uni'd  in  cheniieal 
UlnnMarius.  In  thiH  humer  (lig.  IIS)  the  gaa,  guppjitil  hy  a  tlexilile  lulw 
I,  tiaji<>«>  tliroii;;h  a  Bel  of  «iuall  holta  into  the  box 
at  •-  it  niixiM  with  atiuwpberic  air  enter- 

lUf  ;i  Diuuln'r  of  hoU-8  near  the  top  of 

Ike  Luk.  Ihe  gaseous  mixtuni  paHses  up  the  tube 
K  atiil  i»  inlLamed  at  the  top,  whiTe  it  burna  with 
a  tall,  blur,  sniokelias  flame,  (liring  very  little 
Ught.  but  mmli  heat.  Ky  arranging  two  or  more 
'  ■  '  •  ■'rwitli  an  air-lxix  containing  a 
t  boles,  a  wry  powerful  burner 

(  rnvementu  in  tlii.s  form  of  burner 

ht'  '  Mr.  lirillin,  who  lioa  aim)  i'«n- 

iin  the  itame  |irincipl«,  powerful  gas-furnaoea,  afl'oriling  heat  suf- 
■r  the  deoom|K>8ilion  of  i)iliuat4>s,  and  the  fuxion  of  considerable 
<  of  copper  or  iron.*  The  principle  of  burning  a  mixture  of  gas 
-  alwi  applied  in  lIofroann'K  ga.s-furuai.'e  for  organic  analysis,  which 

•  M  Ui<l  under  Organic  Chenii.stry. 

'J  '  :-jH>iut.  or  temperature  at  which  combustion  commences,  is 

»rr  with  different  sultslancefl  ;  phosphorus  will  sometimes  take 

•rt^  I'l ;  sulphur  requires  a  temp«'ralureexcee<ling  that  of  boiling 

*ri  il  must  Ik"  heatiHl   to  rwltiess.     Amon^;  gaseous   bodies  the 

d  ;  hydrogen  is  inllameil  liy  a  red-hot  wire;  light  car- 

refpiirns  a  white  heat  lo  effect  the  same  thing.      When 

■  Mans   In-Iow  the   tempornlnre  at  which   the  rapid 

■ihle  gasoernri",  it  is  at  nnee  pxlingnished.     L'pon 

.1,  .1.  i|,l.'  of  Sir  II.  Davy's  invaluable  safety-lamp. 

VI  i.ly  1) 1  iniule  of  the  frequent  disengagement  of  great 

li',  .irl.iirette<l    hydrogen  gas  in  coal   mines.     This  gas, 

:ht   limi"<   its  volume  of  atmospheric  air,  liee^mirs 

;  lire  at  a  light  and  burning  with  a  pah'-blne  llanie  ; 

Ui4  muiy  ioarful  a^*;iilenla  have  occurred  from  the  ignition  of  large  quau- 

•  H»9  IIM  article  on  Oaa-burncn  aad  Furnaces  io  Wat l»'i  Dlctlonarj  ot  Oheiik> 
Mrr,  II.  m. 
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tities  of  mixwl  gas  and  air  occupying  the  exteasife  galli-rii'S  and  workii 
a  miiiu.      DsLvy  uiiili-rdxik  an   iiivi-xttgatiuit  with  a  vii'W  t<i  ilii>i'<ivrr  sa 
n.'UiL'ily  for  tbia  (xiusluiilly  occurring  cnliiiuity  ;   lii»  laliors  r«»ull«'<l  in  i 
excoi.>iiin);ly  iiuportitnt  liisoovvrimt  rtnspiH'tiug  Hame,  which  led  to  Uia  < 
■ti'ueliun  uf  the  liiuip  whiuli  bears  Wa  uiiiue. 

Whoa  two  vimsitIs  tilled  with  a.  gastroua  i<xpl<>»lrv  mixtute  arr  cooue 
by  It  n»rrow  tulnf,  auJ  tlie  couteiits  of  oiiu  Un-d   by  tlie  I'liMTtrio  sp»rk|l 
otherwise,  the  flame  i-<  not  oominuuic'ate>l  to  the  nilier,  provided  tlie  dia 
uter  of  the  tulie,  its  length,  and  tho  >-oiiduoting  power  (or  huat  of  its  i 
rial,  bear  a  wirljiin  pro|)urtiun  U)  each  other  :  tlie  Home  is  uxliuguishtHl^ 
cooling,  and  itii  transiaisHiou  rendered  iuijHMsible. 

In   thi:<  experiment,  high  conducting  power  und  diminiahi'd  dian 

oompensate  for  diminution  in  length  ;  and  to  such  an  extent  ciui  this  i 

ciirrieil,  that  met.illin  gauxe,  which  may  be  looked  itjiou  on  a  »erieK  nf  vij 

■liort  square  tiiU'ii  nrrangeil  side  by  Bide,  when  of  Kufficient  degri ' 

arreat:)  in  tho  minit  uoniplute  manner  the  pussage  of  Dnrne  iu  ev  ; 

tures.     Now  the  lire-damp  mixture  hoti  an  exceedingly  high  kLii'iiuigj 

a  red  bent  i1>h<s  not  cnuxe  intlanimation  ;  i-onneque 

gauze  will   be  safo   for  this  suUstanuv,  when  tlaiu»^ 

paj8  iu  almost  any  other  case. 

The  miner's  nafoty-lamp  ix  merely  an  ordinary  oiUla 
the  Hame  of  which   is   inohMiHl   in  a  cage  of  wire-gao 
miule  double  at  lliu  up|>er  part,  containing  about  4lKlap 
tnri^  to  the  square  inch.     The  tulie  for  supplying  oli  i 
the  reservoir  reaches  nearly  to  the    IhiIIoui  of  the  latU 
while   the  wick  admits  of  being   trimmed   by  a  beiit  ^ 
passing  with  friction  through  a  small   tulv  In  the  boily  i 
the  lamp:  the  flame  can   thus   be   kept   burning   for 
length  of  time,  without  tho  mrressity  of  unscrewing 
cage.     When  this  lamp  is  taken  into  un  cX]iUisive  atuiO 
phero,  although  the  nre-<lamp  may  burn  within  the 
with  Kuch  energy  as  sometimes  to  hent  the  metallic  th 
to  dull  ri-dn>.^s,  the  flume  is  not  conuuunlcatvd  to  Uto  I 
ture  on  the  outsidn. 

These  elfei'ts  may  lie  conveniently  stndi.  '  ' 
the  lamp  in  a  large  glass  jar,  and  grudii:il 
gas  ImIow.     The  ujl-ilame  is  at  lirst  eb<i 
as  the  propfirtion  of   ga.s    increases,   exi 
the  interior  of  the  game  cylinder   iKq-nini 
burning  mixture  of  gns  and  air.     As  the  almmphera 
oomes  purer,  the  wick  is  once  nioro  rclighb^i.     Th««n  ag 
pearances  are  so  remarkable  that   the  lamp   lu-mmM 
admirable  indicator  of  the  state  of  the  uir  in  dilTerent  pa 
of  the  mine.* 

The  tame  principle  is  Ingenionnly  applied  in  the  construction  nf  He 
ining's  oxybyilrogen  Nafely-jet  already  mentioned.  This  is  a  t'>>'--  "'  '"-s 
about   four  inches  long,  ttlled  witit  straight  pieces  of  line  br-'  lij 

whole    bidlig   tightly   w««lged   together    by  a  iHiint'-Hl   rod,  fori 
into  the  oiuUru  of  Uie  bundle.     The  arratigemunt  thus  prmenta  a  aer 


•  Tlili  li  the  true  mc  of  Itie  lump.  nMiiely,  lo  pertnK  the  r 
without  ri«k  tti  hlniBtfir,  tu  exitnlitc  (ht*  nt^tc  tit  the  i\ir  l< 

Qilt   li>   I'll  ttilii   t%'iir  1.  tilt'  II   til  I  on  I  mil,'    I  111'  i[    I  i  )'iir>i    In     -tn     n  ' 
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el  nif>L.il1ir   iiiiifk     virv   liiiiij  in  pmporliou  to  thWr  di- 

<'f  wliicli   are  no  grval  ae  to 

hi-  pnssagi-  of  llanie,  even  with 

i>ii<i   ti^ajujjitu.      Jliv  jet  111S7  bi-  U8tf<l,  aa  In'torx 

i^,  triiti  •  criiiitiioii   l>ls<lder,  williout  the  cliBnci' 

:>■     The  (iiM  ;  fai't  nf  llmue  Ix-iiig  cx- 

,1' cuutact  1,  I  IkhJv,  iiiny  twstrikiii^t/ 

ij  '-*  Mij  a  co|.j..t  <i  <(•- iitto  a  tfhurt  hpirul,  u)H>ut 

■>.l  to.  ',  ami  tbiiU  l>»H9ing  itroUnver  thu  Ihiiiie 

i4    »   «•  ' :    the   l.'tttiT    in    extinguished,     if    the 

i}<jr&l  Ijw  uuw  heutoJ  to  redness  \>y  n  spirit  luup,  and  the 

tApvriuuMil  rei>eated,  uu  such  effect  futluws. 

CamfMnmd  of  Carbon  and  yitTogtn.     Cyanogen. 

I  nf  nir  it.  pa3!<(<<l  over  a  mixture  of  char- 

Miu  ciirlJouat«  kept  at  a  bright  red  heat, 

u  ul  tlie  uir   unites  with   the  curlxin  and  the 

J-  ■■fuiiiig  »  foui|miMid  ciUetl  iKitaasium  cyanide, 

.^tbiuni,   12  of  eartxin,  and  14 

l)_v  the  furuiula  KCN.     Il  is 

-•-..»— " <■ •-^ulv^•s  easiljr  iu  water,  and  deeoinposiS)  uiorcuriu 

oaitia,  lurmiiig  polostiiuui  hydrate  and  uiervuric  ryaiiide : — 

2KC.\  4-  H,0  +  HgO  =  2KIlt)  +  Hgf'.N, 
Pdt<iHf.luiu  Water.  Mercuric  Put'ieiiiuni  Mercuric 
c}*ulile.  oxide.  liyiiruxlile.         cyaulde. 

ICmr,  wlien  dry  niercaric  cyanide,   which  ia  a  white   crystalline  sab- 

-'   '^  ■  -'y  hmtml  in  a  glass  tube,  fitted  np  like  that  nai-d  for  the 

n  from  mercuric  oxide  (p.  121),  it  splits  up,  like  Iheuxide, 

-.-ury,  anil  a  ga»e<ju»  body  callwl  cyanogen,  containing 

weight  of  carlmn  and  14  of  nitrogen,  and  represented  by  the 

.     It  most  be  ooUecfe<l  over  mercury,  aa  it  is  rapidly  alisorbed 

I  r, 

i.^en  i«  s  colorless  gas,  harinj?  a  pungent  and  Tery  pecnliar  odor, 

'ling  that  of  poach-kcrnels.     Exposed  while  at  the  teni- 

.  (45>2  ¥.)  to  a  pressure  of  3.<i  atmospheres,  it  i.-ondennes 

.  Iranrp.'irenl  liiiuid.     It  i»  inflamniahle,  and  burns  with  a 

'f  pentih-blo8Som-(X)lored  flante,  generating  carlKiri  dioxide 

.  iirogcn.     II9  specific  gravity  is  1.801  refi'rred  to  air,  or  '16 

1.    Ill  hydrogen  as  nnity.     One  volume  of  it  exploded  with  2  vols. 

1   yieMn    I    vol.   nitrogen   and    2  vols,  carbon  dioxide.      Now,  the 

:i   of  «jnal  rolume«  of  cyanogen,  nitrogen,  and  carlxin  dioxide  are 

|4:22.     f'rtnuenuently,   2(>  parts  by   weight  of  cyanogen  yield  by 

"!  .nd  44  parts  of  earlxm  dioxide,  containing 

11  s=  12  enrlwn  4-  !•*  nitrogen. 

.1..  -  4    M    '  i -,   ,\i  volume  of  cyanogen  gax.  and  alcohol  a 

r  r   quantity,  the  solution  r,i|>idly  di-comjiosos,  yielding  aimno- 

11  .1  brown  iimoluble  luatt'-r,  and  other  products. 

«  (though  not  directly)  with  hydrogen,  forming  the  very 

indrnlleii  hydrocyanic  or  prussio  acid;  and  with 

iinils  called  cyanides,  analogous  in  comjKwitlon 

Niorldiis,  iiMlidra,  broniidi«.  etc.     In  short,  this  group 

,,:  ,  ■!   by  the  formula  CN.  combines  with  elenii'mnry 

\,  ,,r  pansing  fnun  oni'  state  of  mnibination  to  another, 

jii_.  „ „ .1  an  elemuutary  Imdy.     Such  a  group  of  vleiuonta  V* 

ralM  a  eotnpouti'J  rmdlcle.     Wr  have  already  hid  occuston  to  VtoUc<»  I 
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uiotlier  such  group,  vii.,  ammoniiuii,  NU,.     CyanogHu,  however,  la  MUifa 
gulls  in  its  rhi-iuicol  ri-lntiun)i  lu  the  iion-metallip  vh-iiii-iita,  chloriii*',  \m 
iiiiue,  oxygen,  vtu. ;  whervns  aniiuouiuui   is  a  qniui-nivtol  analogous 
jiotassiiMii,  eUs. 

The  eompuomla  of  oytMogen  will  be  further  cousidurtol  under  I 
Cheuuslrjr. 


CHIiORUTB. 

Atomic  wclgbt,  li.i.    Sjmbol,  OL 

Tbi8  BuliKtance  is  n  nienilM.T  of  n  very  imimrtant  natural  gmnp,  omit 
ing  al.s()  ioiline,  bruiuine,  ami  lluurine.  tio  f;rva\.  u  ilogree  of  reix'iiihluiifl 
ezixts  iM'twet-u  tliciie  budiea  in  nil  their  chi'niicnl  ri'lntiuno,  e>i{»'<  inllr  \n 
twcen  chlurine,  bromine,  and  iixline,  thnt  the  history  of  one  will  alnm 
serve,  with  a  few  little  BlIeraliuiiB,  for  that  of  the  rest.  Un  aemunt  of  tt 
(Nxnirrence  uf  chlorine,  bromine,  anil  ioUiuu  in  Hea-water,  the  elemenlK  i 
this  group  arecalleil  hnlogvn-elcmen  t  s,  and  their  metallic  oouiptiunij 
haloid  compounds.* 

Chlorine  is  a  very  abundant  substance:  in  common  raU  it  oxixtii  in  r 
bination  with  Hoilium.     It  ia  most  easily  pre)>are<l  by  |M>uri' 
chloric  acid  ujwn  finely  pfiwdcred   black  oxide  of  ninnKo:  n^ 

tained  in  a  retort  or  Basic  (llg.  121),  and  ajijilying  a  (:enl|.    ......  , 

yellow  gas  is  disengage<l,  which  is  the  sub«t<uice  in  i|iK-^tion. 

It  may  Iw  collected  over  warm  water,  or  by  displacement :  the  mercurfi 
trough  cannot  be  employed,  as  the  chlorine  rapidly  aota  npoa  the 
and  licuomes  ubeorbud. 

The  reaction  consists  in  an  interchange  bi-tween  the  2  atoms  of  oxyij 
of  the  niangaui-se  dioxide  and  4  atoms  of  chlorine  from  the  hvdrochit 
•cid,  the  oxygen   uniting  with   the   hydrogen  to  form  water,  while,  ot 
chlorine,  one-half  unites  with   the  mnnganexe,  forming  a  uhluride,  HnC1 
aud  the  other  half  is  given  olT  as  gas  : — 

MnO,  -f  4Hri  =  2H,0  +  MnH,  +  Cl^ 

Tlie  same  proc<>ss  is  nsed  for  the  preparation  of  chlorine  on  the  monii 
farturing  scale,  the  hydrochloric  acid  which  is  evolved  in  large  t|uautllW 
by  heating  common  salt  with  Rulphurie  add,  in  Leklanc's  ooda-vroma*, 
being  ntiliied  for  the  purpose. 

The  waste-liqnnr  oblain<<d  in  the  chlorine  nmnufaettiro  con 
impure  solution  of  manpanons  chloride,  MnPl,,  from  whii^h  llo'  i 
may  be  separati-d    by  nn   alkali    in    the  form  of  nmiigsr,. 
But  to  render  the  manganese  thus    precipital««l   again  : 

production  of  chlnriiii',  it  niii«t  first  bo  brnnght  to  tbe  o 

and  this  mnv  b.^  effected  by  mixing  the  manganese  liinior  with  nn  e» 
of  hot  milk'of  lime,  or  magnesia,  nnd   blowing  hot  air  through  lh»j 
lure.      Hy  this  means,  a  «om)Kiiind  of  mnnganese  dioxide  witli 
magnesia,  <•.  J.,  PnO. MnO,,  or  CttMnOj,  rolled  calcium  or  ninuns 
manganfte,    is   fonned,  which,  when    healed  with   h; 
given  off  chlorine  In  the  m»nni>r  abiove  di-ecribed.     Tliir- 
whs  for  the  regeniTation  of  manganese,  which  is  now  larjj.-ij,  n-.' 
Kngloiid  and  on  the  Continent. 

From  i\(,  the  sea. 
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A   proixwg  for  Ibr  aeparatioa  of  rlilorinn  from  hy-  V\g.  121. 

drtiT'hlorir  lu-iil,  without  tlin  usn  of  oiiv  iiian^riiiixNo 
■••intaitinil,  h.t"  Ih'i'Ii  iutnaluiW  by  Mr.  H.  DoniHin. 
U  ■  inp  11  niixtiin!  of  hytlniolilorip  add 

gi-  c  air,  over  pupric  eiilpliatc  or  olhrr 

ro;  :  lo  DTtMtMiO  (.-.  fCyfwT.I-.^  F-),  tli.. 

b'>  Ix'iiig  thtiu  itt'4-oiii}Mrsittl,  iti  hy<:lr<^ 

fill         i,    .titli   tlip  "xyiicii,  and  thu  chluriiio 

I-    .iL-  -  r  ( The  Ix^l  way  of  conduvtint;  ftin  jir<>- 

.  -•  1^  1"  1..1SS  tlic  luixtril  gasi's  over  pit'oes  of  lirick 
•u«k<<<i  in  noliitioii  of  rupric  aulpliatK  aud  drii-d. 
Tlie  action  uf  thr  r(ip|MT  salt  is  not  widl  undenttood, 
Ixit  app<-iir«  to  belou);  tu  that  class  of  plii-uoniena 
till<xl  c«talylio  or  urmt&cl  at^tions.  CHhpr  niutallio 
tjklt*  Mi  ill  a  niniil.-ir  vny,  lint  less  coiupU'toly. 

Chlorine  18  a  ycOlow  t'l^'^oiis  Inidy,  of  liitolcralily 
,„0—  1'"'  ("ropiTtii-s,  ]iii)ilMiing  viTy  violent  cough 
ai  11  whi'U    inh.tl<'d,   cvi'ii    in   exceedingly 

t  •'{<■•.     Il  its  iioltihle  to  a  ojnsiderable  ex- 

<iatoi,  (hat  liquid  absorbing  at  15. SO  about 
-  volnnii',  anil  acquiring   the  color  and  odor 
u!  When  this  noliiliou  in  exjxwed  to  light, 

it  hangi?<l,  by  dec<iin[Hii«ition  of  water,  into 

byur'~  iiiuiic  Bi'id,  the  oxygen  U'ing  at  the  same  time 

lihaTtiU^I.  When  luoitit  ehlorine  gnu  i»  exposed  to  a  cold  of  00,  yellow 
pr».!  ,1.  i,r,-  f.,iHi...|_  which  I'oniiist  of  a  deliuitv  eoni^Mjund  of  chlorine  and 
»  .  i^.S  parts  of  the  former  to  !)0  of  the  l.itter. 

<  liecide  gravity  of  2.47;  n  litre  of  it  weighs  3.1T344  grams  ; 

;x)Ki>i-<l  lu  a  pressure  of  about  four  attnocpheres,  it  condenses  to  a  yellow 

lirnpid    li<|nid. 

ii:u(  but  little  attraction  for  oxygen,  its  energies  being  prinri- 

I  towards  hydrogen  and  the  metals.     A  lightiKl  tajK'r  plunged 

mill  -  ciintinueH  tu  burn  with   a  dull-red  light,  and  eniltii  a  large 

^■u  ^uioke,   the    hydrogen    of   the    w.ix    Wing    nlnni'   eonsiunied, 

^L>1   .^ il«in  separaletl.      If  a  piece    of  p8)wT  !»'  wetted  with   oil   of 

^■V|H'ntlnv,  and  thru.xt  into  a  iHitlle  filled  with  chlorine,  the  rbeniieal 
^Kioii  of  the  latter  npin  the  hydrogen  is  so  violent  a.s  to  cause  inllamnia- 
^fen,  a<yyimpanied  by  a  eopiouH  deposit  of  soot.  Chlorine  may,  by  indirect 
Btanx.  \m  made  lo  mniblne  with  carljon  ;  but  this  combination  never  oc- 
BBM  nnder  the  eirf«nistanr<<s  de«crilK'<l. 
Ph"<i>)ioriu  lafcfs  lire  spontanmuHl  V  in  chlorine,  burning  with  a  palw 

r     '        1 •    .  ^'veral  of  the  metals,  as  copper-lenf.  Jiow- 

.  undergo  combustion   in   the  same   manner. 

■  >  nuxiiir ,„.,i    ..~..n«   of  chlorine  and    hydrogen  exph«l-s  with 

BjM'nco  on  the  pnssnge  of  an  eleclrfo  spark,  or  on  the  application  of  a 
^bilod  ««i»r,  hydrochloric  acid  gns  being  formi'd.  Such  a  mixture  may 
K^kept  in  the  dark  for  anv  length  of  time  wilhont  change:  expos.>d  to 
Hrtiae  daylight,  the  two  gasei.  slowly  unite,  while  the  direct  rays  of  the 
^■n  induce  tn«1nntani-ons  explosion.  , 

^bbe  m<-t  ihnriu-teriMlic  pro|>.rlv  of  chlorine  Is  ita  bleaching  power  ;  the 
^K^tn'  ■    ■   principles  are  instantly  deeomjiosed  and  de- 

^^^b  lu-enl  :  Indigo,  for  exiiniple,  which  resists  the 

^^^F,  ,    ,,,,i,,|,  \ft  oonverti'tl   by  chlorine  into  a  brownish 

^^Hn  li  the  blue  color  cannot  l>e  "n^store.!.     The  pn-aeiice  of 

^^K|,  to  the«e  chaiiK-!',  for  the  gas  in  a  state  of  perfect  dryness 

^^^^Pf,  >if  nltM-lU))!  Illmim. 

^^^^r<  '  /•'  u«rv/  ill  the  arUi  for  ble»thtng  linen  ftnd  cotton 
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Ttga  for  the  manufacture  of  pap<^r,  etc.     For  these  purposes,  it  is  eaiplo.ra 
goiiiutiiueti  iu  th«  utatt;  of  gas,  suuivtiuiee  iu  that  uf  wilution  ill  wuttr, 
iiiorv  frequently  iu  combiiiatiuii  wilb   liuif,  funuiiig  tliu  aulMtaiiix-  call* 
bli;aoliiiig-puM'cli>r.     It  tsi  lUsu  one  of  tliu  best  auil  luust  potent  »ub»Luiia 
that  cull  IJc  Uited  fur  the  puriKMe  of  dijiiiifeitiun,  but  itH  eiuph>,viiieut 
quires  rare.     Bieachiiig-iHiuiler  uiixint  with  water,  and  exputiil  tu  the  i 
in  Hbiilluw  Vessels,  Ix-tiHui-s  slowly  (lee<.iiupusi><l  by  the  earbuiiiu  aeiil  uf  th 
atuiufiphere,  and  the  chlurine  is  evolved  :    if  a  luure  rapid  liiseugageiuo 
be  wished,  a  little  acid  of  any  kind  may  be  added.     In   the  alMeuce 
blesuhing-powder,  either  of  the  methods  lor  the  prudueliun  uf  the  gas  < 
scribed  may  be  bad  ruoourao  to,  always  taking  caru  tu  avoid  on  tixueaa  ( 
acid. 

Hydrogen  Chloride,  "r  Hydrochloric  Acld,IICI ;  al.so  ral1e<l  Chta 
Ayr/nV  and  Munatic  .lea/. — This  but»staii<-'e,  iu  a  slate  of  solution  ill  wate 
ha.s  long  Ix-en  known.   The  gas  is  prepannl  with  the  utmost  ease  by  heating 
in  a  flask  fitltxl  with  a  iMirk  aud  bent  tul>e,  a  mixture  of  common  salt 
oil  of  vitriol  dilute<l  with  a  small  quautity  of  water ;  it  must  Iw  ooUecb 
by  displacement,  or  over    mercury.     It  is  a  colorless  gas,  which  fu 
8tr<iugly  in  the  air  fruui  euiiileiisiiig  the  utiuospheric  inuisture;  it  has  i 
acid,  sufl'ocating  odor,  but  is  much  less  olfeiisive  than  chlorine.     Kxf 
to  a  pressure  of  40  atmospheres,  it  litiuelies. 

ilydnieliloric  acid  gns  has  u  density  of  l.^t>9  compared  with  air,  or  1S.3 
uompared  with  hydrogen  as  unity.     It  is  exoctHliiigly  soluble  in  wab 
that  liquid  taking  up,  at  the  tciiiperalure  of  the  air,  about  418  times  i(j 
bulk.     The  gas  and  solution  are  powerfully  acid. 

The  action  of  sulphuric  acid  on  cammou  salt,  or  any  oualuguus  aubstauo 
la  ezplsinud  by  the  e<|uation, 

2NaCl  4-  H^0<  -.  Na^,  +  2HC1. 

The  composition  of  hydrochloric  acid  may  lie  detennined  by  srutheslBS 
when  a  measure  of  chlorine  and  a  measure  of  hydrogen  are  fire<l  by 
electric  spark,  two  measures  of  hydrochloric  acid  gas  result,  the  combii 
tion   lining  unattended  by  change  of  volume.     By  weight  it  contains  3SJ 
parts  of  chlorine  and  1  part  of  hydrogen. 

Solution  of  hydrochloric  acid,  the  liquid  acid  of  c/immerce,  is  a  very  1 
portaiit  preparation,  and  of  extensive  use  iu  chemical  pursuits:  it  is  1 
prepared  by  the  following  arrangement : — 

A  large  glass  Uask,  wintaining  a  quantity  of  common  salt,  is  lilted  witl 
a  cork  and  li.'nt  tube,  iu  the  manner  represented  in  fig.  122;  this  tut 
passes  throiigli  and  below  a  semnil  tube  into  a  wide-neckwl  Ixittle,  con 
taining  a  little  water,  into  which  the  open  tube  dips.     A  bent  tuls-  is" 
ailapted  to  another  hole  in  the  cork  of  the  wash-bottle,  so  as  to  eonvey  the 
purilied  gas  into  a  quantity  of  distilliMl  water,  by  which  it  is  instantly— 
alMorlM-d :  the  Joints  ore  made  air-tight  by  melting  •  little  yellow  wa^| 
over  the  corks.  ^^B 

A  qnantitr  of  sulphnric  acid,  about  eqnal  in  weight  to  the  salt.  Is  then 
slowly  introduced  by  the  funnel ;  the  disengBge<l  pas  is  at  first  wholly 
absorbed  by  the  water  in  the  wash-liottle,  but  when  this  becomes  oaturatcd, 
it  passes  Into  the  second  vessel,  and  there  dissolves.  Wlien  all  the  acid 
has  h><en  addo<l.  heat  may  be  applied  to  (be  flask  by  a  chari'oal  chauflfl 
niitil  its  caiutents  appear  nearly  dry,  and  the  evolution  of  pas  nliinMt  cease 
when  the  process  may  lie  stopped.  As  much  heat  is  tivi-n  out  during  I 
condensation  of  the  gas,  it  is  neoessary  to  surround  the  ooudensing  ve 
with  cold  water. 

The  simple  wash-lHittle,  shown  in  figure  122,  will  lie  found  sn  exoeed- 
/jj^ir  UDp/iJl  coiUriraaco  in  a  great  number  of  chemical  oporationa.    it 


I-  acid 
lulTenH 
i>asei^| 
iRttS 
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in   the  prrtvat,  and  in  miinj  similar  cam  tn  retain  any  liquid  or 
wlid  matter  inccltamcall;r  cBTrl«>d  ovtr  with  the  gas,  and  it  ua/  bu  always 

Fl(.ia. 


rig.  ia». 


when  a  gas  of  any  Iclnd  is  to  be  passed  through  an  alknllnM  or 

lulinn.     The  open  tul)i'  dipping  into  the  liquid  prevents  tlie  crHa- 

{■  ••'•'  -i  •iciiuiu  by  absorption,  and  the  liijuidofthe  second 

ilriv4'n  into  the  Urst. 

r»i  'ii  by  whieh  tlie  arid  i»  introduced  also deHerves 

I  mnnuMil  n  notice  (fig.  \'£i).     The  tube  is  bent  twice  ajwn  it»elf, 

ltd  a  btilb  blown  in  one  portion  :  the  liquid  poured  into  the  fun- 

"-'  upon  the  opjiosito  Bide  of  the  lirst  bend  until  it  reaches 

'ud  ;  it   then    llnws  over   and   runs   into  the   flask.     Any 

iit.v  •'        '         •      '.I  the  latter  without  the  intriwlnction 

■  ■  of  jias  from  the  interior.     The  fun- 

ly-valve,  and  in  l)oth  directions  ;  for 

;  v-tulw)  should  be  stoppecl,  and  the 

I iu.'rea»ed  ela.stio  forw  soon  drives  the 

I*!  rt)liiiiiii  of  llt|Uiil  out  »f  the  lube,  the  gas  escapes,  and   the 

el   Is  gavmt.     I>n  the  other  hand,  any  absorption  within  is 

ckly  <]»iopriMat(Ml  by  the  entrance  of  air  through  the  liquid  in 

I  bulb. 

I  plan  eraploywl  on  the  large  «enle  by  the  mnnufactnror  is 

In  prinriple  n«  ihnt  de^rril""!  ;  he  merely  sulwtitutes  a 

ri   .vlin.l   r   ,.r  •.  i.i, ,  t  ,1 1,,  .,,..l,.i,f  li.fld,  for  the  llask,  and 


I  <  Iransparont  and  colorless  :  when 
sUvug  it  iaautb  ii<  ilie  air  b^  cvolviiift  a  little  gas.     It  leavvs  no  reet&u«  on 


lUO 
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erapornlion,  and  gives  no  pr«cipiUiti>  or  upovity  with  diluted  aolntin 
bu-iuui  chloride.     Wliun  saturatol  with  tlio  i(a*,  it  bus  n  «]>' 
of  1.^1,  and  cuutalns  aliuut  4'Z  pvi  ci.-iu.  uf  real  aoid.     The  uuin 
whirli  in  obtaiiimi  iu  iiuiiieuse i^uiuititj'  ad  a  8>-<x>iiiIar>-  prudiict  in  Ui .-  lu 
fuvture  <)(  dixlium  iiiil|ihatu  by  tlie  acliun  uf  siil)>liiiri<'  acid   U|mjii  cuuli 
salt,  liats  usually  a  yellow  wlor,  and  is  very  impure,  loiitainin  ■    ■  '■-    ■. 
phuric  acid,  cliluridu  uf  irun,  and  urganio  matter.     It  iiuiy  Ik'  i 
liiHiMitly  pure  fur  iuuhI  purposes  by  dilulitij:  it  to  thu  density  '•;  ,i 

happens  vrheu  the  stroug  a<.'id  is  tuixitd  with  itx  own  Imllc,  or  ralhrr  l« 
of  watitr,  and  then  distilling  it  iu  a  retort  furnished  with  a  Uebii 
condenser. 

Uu  distilliug  an  aqueous  snlntinu  of  hydroclilorio  acid,  an  acid  ia 
ducod,  Uiillni^  at   lUt'  C.  (iJliC'  !•'.),  which   contains  2n,2;2  jwr  Ki-nll  i 
anhy<lrous  hydrochloric  acid  :  a  mure  eoncentr.'ite<l  solution,  w)ien 
gives  olT  hydroi^hloric  avid  gas  ;    a  weaker  solution  loses  water,     lie 
and  Dittmar  have  proved  that  thu  composition  uf  the  distillate  varies  ' 
the  atmusphuriu  pressure  ;    it  cauuot,  therefore,  be  viewed  as  a  cli 
oora  pound. 

A   crystalline   hydrate  of  hydroclilorio   acid,  having   the  mni|toflUioR 
BCI.2U,0,  ia  formed  by  pas»in^  a  stream  of  nearly  dry  hydi 
gaa  through  the  ooncentrate<l  nqui.-nuH  acid  cooled  by  a  freezin. 
^'2'JP  C.  (— V-UiJ  K.).     The  crystals  dewmilH>»e  rapidly  in  lln-  /in.  .mii 
ting  n  hite  fumes  ;  they  dis.solve  very  i|uii'kly  in  water  at  ordinary  tem|M>- 
ratun-s  ;  very  slowly  at  —  IHO  C.  ( —  0.4  K.) 

Mixtures  of  snow  and  liydrmrhloric  aeid   form  very  powerful  and  ircotio- 
niiottl  refrigerant*.     With  two  parts  of  snow  and  1  part  of  the  aeid  a  low^ 
ing  of  temperature  to  —  'i'2P  C.  ( — 25. tP  F.)  is  rea<Uly  obtained.* 

Nitro-hydrwiiloric  Ariit, — A  mixture  of  nitrie  and  hydriK-lilorin  arid 
long  IxM'ii  known  unrler  the  name  of  ivjiui  rnjia,  from  its  property  of 
aolving  gold.  When  tln«i!  two  suUitanci-s  are  heatinl  together,  they  ' 
nndergo  dwompoeition,  nitrogen  tetroxiile  and  chlorine  being  evolrj 
This,  at  least,  appears  to  be  the  final  riwult  of  the  action  ;  at  a  wr 
stage,  however,  two  peniliar  sulnitanrcs,  consisting  of  nitrogen,  oxyc 
and  clilnrine  (chloronitrio  aoid  gas,  N'K'l,,  anil  chh>ronitrouB  gae,  N'C 
appear  to  be  formiM.     It  is  only  the  chlorine  which  attacks  the  metal. 

The  prnseniw  of  hydr<H'lilorifl  acid,  or  any  other  soluble  chloriile,  ui  ea^lljr 
detected  by  solution  of  silver  nitrate.     A  white  curdy  [ireeipilale  i« 
dui'ed,  insolublo  in  nitric  acid,  freely  aolnhle  in  atuuiouia,  and  subject 
blacken  by  exposure  U>  the  liglit. 

Ozidet  and  Oxj/adii*  iff  Chloriu». 

There  are  four  oxraclds  of  clUorine,  which  ntay  be  regarded  u  oxUaa  I 
hydro<dilortv  acid  :  thus — 

Compnaltlnn  hy  w»lRht 


Formula. 

Ujrdrogea 

Chlortor. 

Uaiira. 

tlydrochlorie  arid. 

Hn 

+ 

;«.:> 

Ilypochloroiis  acid. 

HCIO 

+• 

Mii.S 

+ 

lit 

f!hlorous  aeid, 

IK  MO, 

<- 

Xi.b 

4- 

32 

Chloric  arid, 

HCIO, 

\- 

a!)..'. 

+ 

48 

Perchloric  acid. 

HCIO, 

4- 

as.i 

+ 

64 

4 


The  anhytlrous  chlorine  oxides  (.'orrespamdlng  wiUi  bypooblorooi  And 
ohlnrous  acids  arr  also  known,  namely — 

*  Ptrrm  and   Puchot ,  Ootnplta  t»n<lu«,l»a»tL  U. 


CtlLORIMB. 


.  or  Hyixt- 
1/)      .     . 


Chlorla*. 
\      35.5 


rhloriti-  I...-..,..,  ^-rChlorouiil      ~,  . 

oxido,  a,o, /    "*  -^ 


+ 
+ 


CbloriB«. 
35.5 

35.6 


+ 

+ 
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k; 
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Abo,  ma  tisidff  to  wUich  Uier«  a  no  corresponding  arid,  nanoplv — 


Cblnrine  trtrozide,  C\^\ 


ChlurlDC. 
2  X  35.0 


Oxygto. 


■xitlns  eorr«apoudlng  with  chloric  and  pervUUirio  acid  have  not  lieen 
1. 

.    acids  are  prwluced  by  the  action  of  chlorine 
jirt.«eucvof  water  ;  hv|>ochl(irous  and  chlorous 

.,,.,-   ..^-j  ,',.  ,,.i.-. L,.>u  of  hydrochloric  aoiil.      I\<rchlorio  auid  and 

chUiriDM  ttitroxide  mult  fnnu  the  decomposition  of  chloric  acid. 

BypocMorona  Oxide,  Acid,  and  Salts. — Thu  oxide  i»  l)eitt  pr(<paru<l 

».r  Ml.-  if^imi  of  i-hlmiiio  j;;ij(  ujion  dry  men-uric  oxide.     This  oxide,  pre- 

iT  prrripilalion,  and  drii"<l  by  «jxpoBiire  to  a  strong  heal,  i»  inln>- 

uto  a  elm*  tube  kept  cool,  and  wi-ll-«ashed  dry  chlorine  gas  i< 

r  it.     Mercuric  cliloridc  (llg(."l,)  and  hypochlorou.i  oxide 

I;  tli>>  latter  is  will  ci-lcd  by  displacement.     The  ruaotiou 

...    -..., ,.  ,.  ,=  ,  ,.k1ucc<1  is  repres<>nte<l  by  the  equation, 

aiigo  4-  CI,  =  ci,o  -f-  UgcXf 

"Dip  nuTrurio  chloride,  however,  does  not  remain  a,i  snch  ;  it  oomViinea 

vitli  another  |K<rti<.in  of  the  oxide  when  the  Utter  is  in  excess,  forming  a 

l>.'ul!af  Uruwn  c<jm|ionnil,  an  oxyehloride  of  mercury,  HgCl,.HgO.     It  is 

rrn.i'kmble  that   the  crfulitlliue  mercuric  oxide  prepared  by  calcining  the 

-or  by  the  direct  oxidation  of  the  metal,  is  scarcely  acted  upon  by 

i'  undpr  the  circumstanc'^  descrilx'd. 

'  '  'Xiile  is  a  piJe-yelUiw  gasi-ous  body,  containing,  in  every 

'  measures  of  cliliprine  and  one  of  oxygen,  and  is  tliero- 

■    '"litulion  to   wiil«ir.     It  exploiles,  although   with  no 

t  elevation  of  temperature.     Us  iviur  is  pe<iiliar, 

111  that  of  chlorine.     When   the  flask  or  bottle  tn 

i»  IH  ri-ceivcul  is  exposed  to  artificial  cold  by  the  aid  of  n  mix- 

m1  salt,  thu  hypocblnrous  oxide  cnnilenaes  to  a  deep-re<l  lic^uid, 

^■HLitutuliln  in  water,  and  very  subject  to  exphisinn. 

^^^^BeA/in-uiu  acul  is  produi^xl  by  Iho  solution  of  hypochlorong  oxide  in 

^^^^B  also  by  [vanMing  air  Haturatc<l  with  hydmehUirie  acid  gas  through 

^^^^H^n  of  p<itn«sium  permanganate  acidulated  with  hydrochloric  acid 

^^^^KkU^iI   in  a  water-linlh  :  the  distillate  is  a  solution  of  hy|)ochloronK 

^^^^^bineil  by  uxidntioM  of  the  hydroehloric  acid  ;  thirdly,  by  decompoa- 

^^^^■Mtallir  hypochlorite  with  utilphuriu  acid  or  other  oxacid  ;  fnurthly, 

^■f  passing  chluriue  gas  into  water  holding  in  suspen.'iion  a  solution  ron- 

Hpnlug   nielnllie  nx'i'b-n,   hydmxidits,    rarlunates,   sulphates,    phosphates, 

^■■■le  ■I'OUB  for  the  pur|HiBe  Ix^ing  mercuric  oxide,  or  eal- 

^^^^Bfi  .1,  Cat'O,,  the  priNlucts  in  this  case  being  oarinn 

^RBBe,  L-aiiiiuiii  1'juoride.  and  hyiHichlorous  acid  : 

CaCO,  +  n,0  +  CI,  =  CO,  +  CaCl,  +  SHOO. 

Th*  aqaenn*  aolntiim  of  hypoi-hlorouii  acid  has  a  yellowish  color,  an  acid 

(1^!..    and  a  chara^'leritlie  sweoliiih  smell.     Ttio  strong  acid  de«ompo»«» 

'  ■TT'oi  wbvn  Jc<7>/  Jjt  lee.    The  dilute  acid  is  more  sUible,  Wl  u  &e- 
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oomposed  by  long  tmiling  into  chloric  iioid,  water,  chlorine,  uid  oxjg 
UydrooUlorio  acid  decoiupoevs  it,  with  fonustion  of  chlorine : 

UCIO  +  HCl  =  H,0  +  CI,. 

It  ia  a  very  powi-rful  bleaching  and  oxidixing  agent,  converting  many 
the  vlemenu — icxlino,   selenium,    and    arsenic,    for   exomplo— into 
highe,st  oxides,  ami  at  the  saiue  time  liberating  cklurine. 

itelaltic  hyiHtcJiloriltt  may  be  obtained  in  the  pure  state  by  neutraliz 
hypochlnrnus  acid  with  uietallic  hydroxides,  8ut:h  a«  those  of  sodium, 
cium,  copper,  etc,  ;  but  they  arc  Usually  prepared  by  pacing  chlorine  J 
into  solutions  of  alkalies  or  alkaline  larlKHiates,  or  over  the  dry  hydroxu 
of  the  earth-metals.  In  this  process  a  metiillio  cliluridc  is  forme^l  nt 
same  time.  With  dry  slaked  lime,  for  exaiiiple,  wliich  is  a  hydroxide* 
calcium,  CalljHj,  the  products  are  calcium  hypochlorite,  CaCl,0„  calcil 
chloride,  and  water : 

2CaH,0,  4-  CI,  =  CaCl,0,  -f  CaD,  +2n,0. 

The  salta  thus  obtained  oonstituto  the  bleaching  and  disinfecting  islt 
commerce.     They  will  bo  more  fully  described  under  the  bead  of  Caleb 

Salts. 


Chlorotu  Ozlde,  Acid,  and  Salts. — The  oxide  ia  prepared  by  he 
ing  in  a  tla.sk  lilled  to  liie  ueck,  a  mixlure  of  four  pans  of  {j«l:uuiium  clt] 
rate  and  3  parts  of  arsenious  oxide  with  12  parts  of  nitric  acid  previou 
diluted  with  4  p-irtd  of  water.  During  the  operation,  which  must 
performed  in  a  water-hath,  a  greenish-yelbiw  gas  is  evolvtid,  which  U 
peruiment  in  a  freezing  mixture  of  ice  and  salt,  but  liqueliable  by  extreme 
cold.  It  dissolves  freely  in  water  and  iu  alkaline  solutiuus,  forming  chlo- 
rous auid  and  meLallio  chloriti-s.  The  remlien  by  which  chlorous  oxide  ia 
formeil  is  somewhat  ooinpliiated.  The  arsenious  oxide  deprives  the  nid 
acid  of  part  of  its  oxygen,  reducing  it  to  nitrous  acid,  which  is  then 
idixed  at  the  expense  of  the  chloric  acid,  reducing  it  to  chlorous  oxide ; 


2HC10, 

Ohiorio 

aetd. 


2HN0, 

Nitroui 

aoid. 


211  NO, 

Nitrlo 
acid. 


+     "A 
Ohiuruui 
oxide. 


Chlomun  Ariil  mny  be  prepari»d  by  condensing  chloTon.-»  oxide  in  wa 
or  by  deeom[M)sing  a  inelallie  chlorite  with  diUUn  itulphuric  or  phtjspkurie 
acid.     Its  onioentrated  solution  is  a  greenish-yellow  li<|uid,  having  str 
bleaching  and  oxidixing  properties.     It  does  not  decom]K)se  carlwnates,  I 
acts  Htrongly  with  caustic  alkalies  and  earths  to  form  chloritea. 


Chlorine  Tetroxlde,  C1|0,. — When  potassium  chlorate  fa  mode  Int  ^^ 
paste  with  concentrated  sulphuric  acid,  and  cooled,  and  this  paste  is  V017 
cautiously  heat<.«l  liy  warm  water  in  a  small  glass  retort,  a  deep  yellow  gttm 
is  evolved,  which  is  the  body  in  question  ;  it  can  be  mllected  only  by  diis- 
plocement,  since  mercury  deeomptwes  and  wat«'r  aljsorlis  it. 

Chlorine  telroxide  has  a  powerful  odor,  quite  different  from  that  of  the 
preceding  ocjmpounds,  and  of  chlorine  itself.  It  is  excep<lingly  explosivet, 
being  resolved  with  violence  into  its  elements  by  a  temperature  short  of 
the  boiling  point  of  water.  Its  preparation  is,  therefore,  always  attended 
with  danger,  and  should  be  p«>rforiiii^l  only  on  a  small  scale.  It  is  com- 
posed by  measure  of  one  volume  of  chlorine  and  two  volumes  of  oxygen, 
condensed  into  two  volumes.  It  may  be  liquellcd  by  cold.  The  solution 
of  the  gas  in  water  bleaches. 

TJie  (HcMorine  of  Davy,  prepared  by  gently  heating  potassium  uhlo 


OHLOaiNK.  18$ 

1 4«tnt<i  h.inirochlorio  aeid,  is  probably  a  mixture  of  chlorine  t«troxide 

f  chlorine  tetruxide  from  ]HitwHium  chlorate  and  sul- 
.'  >  upon  the  spontiuieoiui  splitting  of  the  uhlnric  acid  into 
.u<l  percJiloric  acid,  which  latter  reuiaius  ai>  a  jiotasiiiuui 


(SCIO,  +  3H..-^<3,  =  2Cl,f\  +   2HC10,  +   3K^,  -|-  211,0. 
hMuatum      UyU/usra  llyilrugen      Putnulum 

•ulpbatc  petchlorate.    eulphcte. 


■aiarate. 


I  a  mixtarv  of  potassium  chlorate  and  sugar  in  tonehed  with  a  ( 
I  4ttial  ritriol.  it  is  instantly  hot  mi  lifL-,  the  cliloriiie  tetr<ixid«  disengaged 
I  lima  mini  II  il  hy  the  ciimliu!<tible  sulmtano-  H'itli  xin  h  viuleiKi*  a»  to 
'  iaSaiBBi*ti«D.  If  crVHtaU  of  polaasiuin  vhlnrnte  lie  thrown  into  a 
l^mtiJ  VBt^r,  a  f^w  small  fragmenU  of  pho»phiiru:i  added,  and  thm  oil 
'  alTtlrvl  pn«trr>l  down  a  narrow  funnel  reaching  In  the  Uittoui  of  the  glass, 
■  fkwphorua  will  burn  beneath  the  Hurfiu-e  of  the  water,  by  the  a.ssiHt- 
nitf  Uw  oxTf^n  of  the  chlorine  tetroxide  di8engag<><l.  The  liquid  at 
I  beoomea  yellow,  and  aequires  the  odor  of  tliat  gas. 


I 

i 

* 


Cklodc  Aold,  HCIO,. — This  is  the  most  important  coni]iound  of  the 

Mia.     When   clilorine  in  parsed  to  saturation  into  a  moderately  Klrong 

I  M  talatKin  uf  potaiii>ium  hydroxide  or  oarUjnate,  and  the  liquid  mnren- 

1  h)r  ersporation,  il  yields,  on  cooling,  Hat  tabular  crystals  of  a  color- 

talt,  eon«iatiug  of  potassium  ohlorat«.     The  muther-liquur  txjntains 

|Wl»«lnin  dUoride  : — 

3K/J     +     Cl«    =     SKCl     4-     KCIO, 
Potnaalam  Potustiluro      Potnaaium 

oxide,  ohloriile.  chlomte. 

TVtsa  potaaaium  chloral«,  chlurie  aciil  may  lie  obtained  by  bulling  the 

'!.   a   »olution  uf  hydrofluosilicic  aciil,  which   forms  an   almost  in- 

'.•>tas«ium  salt,  d<>canling  the  clear  liquid,  and  digesting  it  with  a 

-;;-  »^lifa.  which  removes  the  excess  of  the  hydrolluosilicic  acid.     Kiltra- 

taa  thrvugh  paper  must  l>e  aroidi-il, 

hy  (sutii'UA  erapuration,  the  acid  may  be  so  far  concentrated  as  to 
■iHM  a  nyrupy  consistence  ;  it  is  then  very  easily  decomposed.  It  »ome- 
|p»  »^r-  itr..  to  paper,  or  otlier  dry  organic  matter,  in  consequence  of  the 
L  ,  which  it  is  deoxidized  by  cornhnstible  bellies. 

rxUn  are  easily  recognized  ;  they  give  no  precipitate  when  in 
II  with  silver  nitrate ;  they  evolve  pure  oxygen  when  heated,  )ias»- 
r»by  into  chluridee  :  and  they  afford,  when  treated  witli  sulphuric 
,"  characteristic  explosive  yellow  gas  already  desoribetl.  The  dilute 
.1  of  the  aoid  has  no  bleaching  {wwer. 

Pvohlorlo    Acid,    nCIO,.— When    powdered    potassium   chlorate    is 

•tr„<^ii    by  amall    jxirtions  at  a  thne  into  hot  nitrit-    acid,  a  change  takc>a 

f  the  same  description  as  that  which  hapiM-na  when  suljiUuric  acid 

-    1,  but  with  this  imjiortant  difference,  that  the  chlorine  mid  oxygen, 

iMiail  nf  being  evolved  in  a  dangerous  state  of  combinntion,  are  eniilted 

♦»!  »t«te  of  miVrnre.     The  result  of  the  action  is  a  mixture  of  pnln.ssium 

•  i^rchlorate,  which  may  be  readily  separated  by  their  different 

arid  is  obtained  by  distilling  i)ofa«siura  perchlorate  with  sul- 

I       I'lire  perchloric  acid  is  a  colorless  liquid,  of  1.782  sp.  gr.  at 

..  „-  I     {i.uO  F.).  not  solidifying  at  —  X>°  C.  (—  310  p.);  it  soon  becomes 

Mfaarad,  cren  If  kept  In  tha'dark,  and  after  •  lew  weeks  deoomposes  with 


maam^ 


I 
I 
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exiiIiMiciii.     Till!  vapor  nf  pcrolilorio  auid  is  tr)uup»r<<nt  Kiid  rolorla 
PoiKaot  with   luoUt  nir,  it   proiitic<*K  •Icusc  wliitn  fuiuM.     Th* 
oautiouitly  iuix(>d  with  a  small  (|uiintity  uf  Hntvr,  i)ulidill««  to  >  aty  _ 

iua&>,  which  i8*a  cuiu|iouuil  nf  jKirchlorio  itci<i  with  onr  im>lt-culi*  uf  iratcr, 
IICIO,  -4-  UjO.     When   brnujtht   in  lonloot  with  cAilxin,   elhur,  or  ot)t«x 
orgaiiJK  sulistances,  pi-rcliluric  avid  uxplotlcD  with  uuuljr  lu  tuuoti  vioivl 
as  chluridv  ul  uitrugi'U. 

Compotind  of  Chlorine  and  Nitrogen,  NCt,. — Wh<Mi  sal-ammon 
or  aiunioiiia  iiitiaU-  is  iIihsuIviiI  in  wutvi-,  uml  u  Jur  iif  chloilux  iuTfrlixl] 
the  solution,  the  gnit  is  alMorbiMi,  an<l  »  ili-cp  ,ri-ll<>w  oilv  Ii<|ui(l  U  uli*«r4 
to  coUot't  npiin  the  ^urfncv  of  the  solution,  ultiiuat4*ly  sinking  in  globn 
t«  thi'   iMittoni.     TluM  i»  nitrogon    rhioriilr,  one  of  lhn  most  iliui| 
explotiiri-  tiubHtunei-8  knnwn.     Th«  following  is  thi?  aafrnt  mvthud^ 
ducting;  tlip  i-xpfrinirnl  : — 

A  »ouii"wh»t  liilutc  ami  l"picl  Kohition  of  puro  Eul-anunonixt-  in  dlittflt 
wntor  is  jHiuriHl  into  a  clean  ha-siii,  nn<l  n  b<ittl>?  of  chlorine,  thn  iierk  | 
wliieh  is  quite  free  from  ((reilse,  inverted  in  it.  A  »hnllow  and  he 
leiulen  cup  i»  placed  IxMieath  the  tminlh  of  llio  Ixittlotonillet-t  tho  pmda 
When  enough  hax  been  obtained,  the  lea<len  vessel  niiiv  )h<  withdrail 
with  its  dangerouH  content.t.  the  chloride  remaining  covered  with  a  Ktrata 
of  water.  The  o|H-r.ilor  nhould  protect  hiH  facu  with  a  BtTong  wlr<s-gaq 
uiO-xk  when  ex]>eriiD<'nling  upon  IhiK  nnliittnnee. 

The  changoinay  bt;  explained  by  the  equation — 

NH,CI  +  tiCl  =  NCI,  +  4Iia. 

Nitrogen  chloride  in  very  volatile,  and  its  va|K>r  is  cxivedinfrly  IrrltAl 
to  thi*  eypH.     It  has  a  Rpcciflo  gravity  of  l.(J,'i3.     It  may  lie  distilled  st 
C.  (ICitP  F.),  although    the  exfu-riment   ia   attended  with   great   dang 
Bctwoen  5)3'^-  C.  (200°  F.)  and  105°  c.  (2U10  K.)  it  expliKle!!  with  the 
fearful   violenco.     fontm't  with  ahuottt   any  comlmstible  matter,  om  olll 
fat  of  any  kind,  dpt<TininPS   the  expliwion   at  Cfiniinon   t<'inperalnr>» 
Togsel  of  poreelnin,  glaxs,  or  even  uf  cttsl-iron,  is  broken  to  pl>- ■  ■  ' 

loaden  cup  receiveH  a  deep  indentiilion.     This  luxly  has  usuul 
(kwimI  to  (xiiitnin  nitrogen  and  ehlorine  in  the  proportion  of  14  i 
former  to  l(Vj.5  parL-^  of  the  latter,  but  recent  nxperinients  u|Min  the 
rcc|>onding  iudiuo   compouud   (]>.   ]t*8j   inducu  a  bidief  that   It 
hyilrogeu.* 

Chlorine  and  Carbon. — ."'everal  cnmfKMindR  of .  l  ■ 

known,  n.i ly.  <',t'l,,  I'/l,,  C/'l,,  ami  (CI,.    They  If 

by  the  action  of  chlorine  ujKin  cert.tin  orguulo  coiupi :  ,  ... 

acribed  under  Organic  (.'heuiinlry. 

The  Oryi'hloridc  nf  Carlim,  COTl,,  called  also  Cttrbm^  CUoride  and  /%» 
g*n»,  haa  buen  already  mentioned  (p.  1B4).  ^' 


BROMtNZI. 

Atomlo  wclKht,  ao.    Symtiol,  Br. 

BHoMisrf  was  dlscovored  by  Ilalirl  In  IS26.     It  in  found  In  •« 
and  in  a  Cri«{u«nt  cnnsUtucnt  of  saline  spring*,  chlerty  a*  matfiiMitl 

•  /n«fr«d  of  KCK  It  msy  \n  rentttj  b*  T(IU:\«  ijt  VnfSL 
t  Frum  8f^f**i,  t  uoUmn*  •nivtl. 
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ttb:  »  I  ■lain  III  il  spring;  of  lUe  kind  exiats  near  Kreuznacli,  in  rrusi-i^. 
^IMBM  BUtr  b*  oblain--!  <'i>r.-  i.y  the  (blluwing  process,  which  dep<^ii(l8 
^m  tk»  (art  Uuu  etlit  i  with  aii  aqueous  Kolulion  of  bruiuiue, 

t^tim  tht  grwster  pai :  -ulutauw. 

1W  tmMtter-litiaoT,  from  wliioh  tlie  lesu  soluble  giilU<  have  separated  liy 
nalluatiaa,  »  e3([MW>^d  to  a  aljruaui  of  chlorine,  and  then  !>hiiki'U  up 
m^  Mker .  th«  cliloriur  Jc«ompoi>«i  the  uia{;D«)iutu  bromide,  aud  the 
*b*di«anl*«s  tUo  liruniine  lliu«  set  free.  On  ijtaudjag,  thv  ethereal  iulu. 
M.  k>riu  a  ftoa  red  color,  separates,  aud  may  bi;  remoreil  b,v  a  faiiuel 
»ftfU».     Canstiu   potash  is  then  add»d  in  exci':>8,  and  heal  a)i|>lied; 

kiMfaaatl  br "'-  --f  potaa&iuiu  are  formed.    The  solution  is  evaixirsted 

ui  :ue   matter,  after  ignition  to  redness  to  decompose 

,te,  I.  ,u  ,1  small  retort  with  manganese  dioxide  and  sul- 

d  dUateil  with  a  little  water,  the  neck  of  the  retort  being  plunged 
iai«)l4  water.  The  bromine  volatilites  in  the  form  of  a  deep  red  vapor, 
*Uik  R>Ml«tu«a  Into  drops  lieneath  the  liquid. 

Iranlaa  it  at  oommon  temporaturi>s  a  thin  red  liquid  of  an  exceedingly 
tmair  rnlrr.  »nd  rery  volatile  ;  it  freezes  at  about  — 24..^<'C.  ( — l^.l^j  K.) 
Ml  MU  at  693  C.  (143^  K.).  The  density  of  the  liijuid  is  •2.9^^i,  and  that 
4  tkf  rapur  6.54  compared  with  air,  and  80  com|)art>d  with  hydrogen. 
Ika  alor  of  bromine  is  vary  suffocating  and  oO'ensive,  much  resembling 
tel«( iodise,  but  more  disagreeable.  It  is  slightly  soluble  in  water,  more 
Kriy  is  aloobol,  and  moat  abundantly  in  ether.    The  aqueous  solution 


Hydrogen  Bromide,  or  Bydrobromlo  Acid,  HBr. — ^This  sulmtancn 
tan  tba  clu«e>t  reseiablamv  to  liyilriodic  acid  :  it  has  the  same  constitu- 
ta  bjr  Tolame,  very  nearly  the  same  properties,  and  may  be  prepared  by 
^"'—  'vaclly  similar,  substituting  the  one  body  for  the  other  (see  page 
he  S4->lution  of  hydrobromic  acid  has  also  the'  power  of  dissolving 
jUantity  of  bromine,  thereby  acquiring  a  red  tint.  Hydr<ibromio 
kid  cnaiaiiM  by  weight  80  parts  bromine  and  1  part  liydrogen. 

Bromlo  Aold,  IIBrO,. — Caustic  alkalies  in  presence  of  bromine  undergo 
Aftaiap  chauge  as  with  chlorine,  a  metallic  bromide  and  broninte  being 
•ninrwl :  th'^e  may  be  separate<l  by  the  inferior  B<ilubility  of  the  latter, 
w«Biie  acid,  obt«iue<i  from  barium  bromate,  closely  n-senibles  chloric  acid ; 
t  la  ca.ii'    <i liiposed.     The  bromatea,  when  heated,  lose  oxygen  and 


A  hyp 


aoid  corresponding  with  hypoohlorouB  aold  i«  likewise 


lODINB. 
Atomic  weight,  127.    Sfiabol,  I. 


Tua  eletoent  was  first  noticod  in  1812  by  M.  Conrtois,  of  Paris.  Minnta 
tnoa  are  found  in  combination  with  sodium  or  potassium  in  sea-water, 
laj  QO(s<lunally  a  much  larger  proportion  in  that  of  certain  mineral  springs. 
h  Mvna  to  be  in  some  way  IwneBcial  to  many  marine  plants,  as  these 
latter  hare  the  power  of  abatractinK  it  from  the  surrounding  water,  and 
■o-amnlating  it  in  their  tissues.  It  is  from  this  source  that  all  the  iodine 
af  oMnnicrce  is  derived.  It  has  lately  been  found  in  minute  quantity  in 
alamlnoiu  slat«a  of  Sweden,  and  in  several  rarletiut  of  coal  and  turf. 
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Kelp,  or  the  half-vitrified  ashes  of  sea-weeds,  pre|>ared  by  the  tut 
tants  of  the  Western   Islands  aud  the  nortliem  shores  of  i><.-ntlaud 
Irelaiul,  is  treated  with  water,  and  the  solution  Ullered.    The  Ii<|uid  is  til 
ouneeutrHtvd   liy  evaiKiriiliuu   until   it  is  reduced  to  a  very  spall  vojl 
the  sodium  chloride,  sodium  carbonate,  potaiisium  chloride,  and  other  I 
l>eing  removed  as  they  successively  crystallize.     The  dark-brown  : 
liquor  left  contains  very  nearly  the  whole  of  the  iodine,  as  iodide  of  i 
tuaguesium,  etc. :  this  is  mixed  with  sulphuric  acid  and  manganese  dl^ 
and  gently  heated  in  a  leaden  retort,  when  the  iodine  distils  over  and  t 
deiisua  in  the  receiver.     The  theory  of  the  operation  is  exactly  analog, 
to  that  of  the  preparation  of  chlorine  (p.  17t>)  ;  in  practice,  however^ 
requires  careful  management,  otherwise  the  impurities  present  in  the  ( 
lutiou  interfere  with  the  general  result : 

MnO,  -I-  2KI  -f  211^0,  =  2U,0  +  K^.  +  MnSO,  +  I,. 

The  manganese  is  not  absolntely  neoessary :  potassium  or  .lodium  iod 
heated  with  an  excess  of  sulphuric  acid,  evolves  iodine.  This  rflect  is 
to  a  setv>ndary  motion  between  the  liydriodic  acid  first  prnluced  and 
excess  of  the  sulidiuric  acid,  in  which  iKJth  suffer  decom]K>sitiou,  yieli 
iodine,  water,  and  sulphurous  acid. 

I(Nline  rryslftllizes  in  plates  or  scales  of  a  Huish-hlnek  color  and  Iro^ 
feet  nietiillic  lustre,  reseiiibliug  I  list  of  plumbago:    the  crystals  are  sol 
times  very  large  and  brilliant.     Its  density  is  4.!»48.     It  melts  at  107O 
(2250  p.)',  and  Isiils  at  IV.IO  C.  {347^  F.),  the  vajxir  having  an  exceedint 
beautiful  violet  enlor.*     It  is  slowly  volatile,  however,  at  common  temi 
ratures,  and  exhales  an  odor  much   n-sembling   that  of  chlorine, 
density  of  the  vajnir  is  8.71H  compared  with  air,  127  conipsred  w  ith  hydro, 
gen.     I<«line  requir<>s  for  solution  about  7000  parts  of  water,  which  nev 
thclesa  acr,uires  a  brown  ctilor  ;  in  al<»hol  it  is  much   more  freely  solu" 
Solutions  of  hydriodic  acid  and  the  ioflides  of  the  alkali-metals  also  dissol 
a  large  quantity  :  these  solutions  are  not  deoomposed  by  water,  whicb' 
the  case  with  tlie  alcoholic  tincture. 

Iodine  stains  the  skin,  bnt  not  permanently ;    it  has  a  Tory  energel 
action  upon  the  animal  system,  aud  is  much  usisl  in  medicine. 

One  of  the  mi*it  characteristic  properfie* 
of  iodine  is  the  ])rrKluction  of  a  splendid 
blue  color  by  oontaol  with  stnrch.  The 
Iodine  for  this  pur]>o8e  must  be  tree  or  on- 
combine<l.  It  is  eiuy,  however,  to  majki 
the  test  available  for  tlie  purpose  of  r 
nizing  the  pre8enc<>of  the  element  in  qai 
tion  when  n  soluble  iodidi-  is  suspected  ; 
is  only  necessary  to  add  a  very  sn)all  quan- 
tity of  chlorine-water,  when  the  iodine, 
being  displaced  from  combination,  becomes 
capable  of  acting  ui>on  the  starch. 

Hydrogen  Iodide,  or  Hydrlodio 
Acid,  111. — The  simplest  procetis  for  _  " 
paring  liydriodic  acid  gas  is  to  introd 
iuUi  a  glass  lnl)e,  sealed  at  onoe  extremity, 
a  lilile  iodine,  then  a  small  quantity  of 
rouglily.powdered  glass  moistened  w 
Kuter,  upon  this  a  few  fragments  i.f  p 

•  WbcoM  th*  uaoM,  tTMin  ightf  ')o|sMpluroil, 
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J^^ro*,  and  Isstl.T,  mora  gloM,  this  order  of  iodine,  glass,  pltoaphorun, 

'  ^laav,  (■  Miill  tli»  tuU.<  ill  Italf  or  twu-tliirtU  tlllMi.     A  cork 

tad   an  irr  tlieu  IUIimI,  ai»1  g<-iille  hvut  ajiplicd.     The  giu 

b  tMit  ixjiit  "f  HIT.     Till!  |>ruct.'S8  ilrpcniU  uii  llm  hir- 

OtfiUoo  of  aj  '^  ami  iU»  »ul««>(4Ui.*ul  <irciftu]HKiitiou  by 

mUmt,    '■■'■-•  jUiliS    Mf  pli'WjihoruUB  utiil,    il,i'U,,  and 

hfdrof  1 :    1',  +  1«  +  <iH,"  =  UHl  +  -»,!''),.     TI.b 

glukj  u,  .   tato  Uiu   viuluiive  of  tlie  avtiuu  uf  tliu  itxliue 

•  |.  llUi. 

^■)U)  greatly  resfmlilm  tlie  oorrniponding  chlorinu  com- 

il  ii>  colutlv^,  aiiii  higlil/  acid  ;  it  fumus  iu  tlie  air,  aiid  ia  verjr 

in  «rsl(<r.     Iln  density  i«  about  4.4  txuupartHl  iritli  air,  64  oouipartMi 

'  n.     By  weight,  it  is  couiikkji"!  of  1:17  parts  iodint*  and  1  part 

iid  liy  ini'iuiiir«  of  equal  rolumvi)  of  iodine  vapor  and  liydro- 

.1    ...       -.(..jijintion. 

iii'id   may  be   prppart-d   by  a  pro«'>.ss  much    )m»b 

-    Uive.     Iodine  in  line  powder  iK  8UiSp<'n<Ii.<d  in  water, 

ai  >  of  washod  hydrogen  eulphido  poasni  through  the  mixturu; 

t  ■  [losittirl,  and  tli«  ioiiine  c«lnv('rt•^i  into  hydrimiic  acid.    When 

•  biH^iiw  I'oliirless,  it  is  linatwi,  to  expel  the  exeess  of  hydro- 

»nd  flllcrrd.     The  solution  cannot  be  kept  long,  iwpf-cially 

't«>d  ;    the  oxywn  of  the  air  gradually  de<'oni|>neM>!i  the 

•  1  i<nliiie  in  set  free,  which,  dissolving  in  the  remainder, 

uuiuiiiiiiiii'oi'19  w  ii  a  brown  color. 


n 


(jOKgnttHiit  of  Iodine  and  Oti/gm, 
The  mo9t  iiuportant  of  thasa  are  tho  iodio  and  periodic  oxides. 

Composition  by  wrlnht. 


Iodio  oxido,       1,0, 
Periodic  oxide,  !,(>, 


lotllne.        Uxygeo. 
X      127     +       80 


2 
2     X 


127    +     112 


Both  tbe9«  ar«  acid  oxides,  uniting  irltb  water  and  nietallio  oxides,  and 
inking  salts  calUil  iudatea  and  periwiates. 

Hydrogen  lodate,  '>r  Iodio  Acid,  H,0.I,Oj,  or  HIO„  may  be  pre- 

"-•■  '  '■'   "  ■     ' '  'vi.i.,!,.,,,  u(  iodine  with  nitric  a<Md  of  sppciflr  gravity 

•  ••  with  2(>0  parts  of  nitric  acid  are  Vept  at  a 

I  :il  iiours,  or  until  the  iodine  has  di8ap[)eared. 

Btiou  t>  then  cwntiouKly  distilled  to  dryness,  and  the  residoe  dis- 

wat«'r  and  UiSile  lo  errstalliate. 

He  arid  is  a  very  gnlulile  snl>t<tanc<?,  crystallUing  In  colnrleos  six-sided 

At  10T-' it  is  n*<ilred   into  water  and   iodio  oxide,  which  forms 

r'  U.  and  when  heatixltotholemperatureofbDilingolivo 

1  1  into  iodine  and  oxygen.    Thefoliilinn  ofiixlic  acid 

■  i  .._v  Mulpliuroug  Kf'iA.     Tho  iodutes  much  resenil)le  tho 

potassium  is  decomposed  by  heat  into  potassium  iodide 


Hydrogen  Periodate,  nr  Periodic  Acid,  ll,O.I,0„  or  niO,.— When 
»r'  ■!«  is  mixed   with  caustic  soda,  and  a  current  of 

tJ,  ',  the  liquid,  two  salts  are  formed — namely,  sodium 

«taorui«    and  a   »puringl/  auluble  ixiujjx>uiid   uf   sodium   vertoiUle  w^Vv 


godinm  hydroxide  and  water,  NaIO,.NttHO.H,0,  or  Na,U,10„  the  reaoti 
taking  plaoo  aa  represented  by  the  equation — 

NalO,  +  3XaH0  +  CI,  =  2NaCl  -)-  Na,H,IO,. 

This  Bodinm  salt  is  separated,  converted  into  a  silver  salt,  and  dissolv 
in  nitric  acid  :  th<!  solution  yields,  on  evaporation,  crystals  of  yellow  sUv 
periodate,  from  which  the  acid  may  be  separated  by  the  action  of  wafc 
which  resolves  the  salt  into  free  arid  and  an  insoluble  basic  i>eriodate. 

Periodic  aciil  cxystallizes  from  its  aqueous  solution  in  dcliqneacent  I 
lique  rhombic  prisms,  which  melt  at  13(0  C  (26GO  K.),  and  are  reaolv 
at  nOO  c.  (3380  V.)  into  water  and  a  white  mass  of  periodic  oxide,  wbV 
at  181P  or  laOO  c.  (35i;-3740  F.)  gives  off  oxygen  with  great  rapidity,  i 
iodic  oxide. 

The  solution  of  periodio  acid  is  reduced  by  many  organic  sobsUmo 
and  instantly  by  hrdro<^hlaric  acid,  sulphurous  acid,  and  hydrogen  ifl 
phide.     With  hydrochlorio  acid  it  forms  water,  iodine  chloride,  and  : 
chlorine.     The  metallic  periodatee  are  resolved  by  heat  into  oxygen 
metallic  iodide. 

Compoanda  of  Iodine  and  Nitrogen. — When  finely  powdered  iod 
is  put  iulu  L'.iustic  iimmoiiin,  it  i.i  in  p/irt  dissolved,  giving  a  dt-ep-bro' 
solution,  and  the  resiilue  is  converted  into  a  black  powder,  called  nitr 
gen  iodide,  NI,.  The  browu  liquid  consists  of  hydriodic  acid  hold] 
iodine  in  solution,  and  is  easily  separated  from  the  solid  product  by  a  fil 
The  latter,  while  still  wet,  is  distributed  in  small  quantities  upon  se] 
rate  pieces  of  bibulous  pa[i»r,  and  left  to  dry  in  the  air. 

Nitrogen  iodide  is  a  blai.'k  itisulubte  powder,  which,  when  dry,  expl 
with  the  slightest  toueh — even  that  of  a  feather — and  sometimes  withoi 
any  obvious  cause.     The  explosion  is,  however,  not  nearly  so  violent 
that  of  nitrogen  chloride,  and  is  attended  with  the  prmluction  of  viol 
fumes  of  iodine.     According    to  Dr.  Gladstone,   this    sul>stance   contai: 
hydrogen,  and  may  l>e  viewed  as  NIII,,  that  is,  as  ammonia  in  which  t 
thirds  of  the  hydrogen  are  rejilaeed  by  iodine.     Aoconling  to  the  researchi 
of  Itunsen,  it  must  be  viewed  as  a  combination  of  nitrogen  tri-iixlide  vi' 
ammonia,  Nlj.NlIj.     It  appears,  however,  that  the  substance  called  nit: 
gen  iodide  varies  in  composition.     Gladstone,  by  changing  the  mode  of 
preparation,  obtained  several  compounds  of  nitrogen  tri-iodide  with  am- 
monia. ~ 


Componnda  of  Iodine  and  Chlorine. — Iodine  unites  directly  wi 
chlorine,  forming  a  mounchloride  and  a  trichloride.  There  is  also  a  teti 
clkloride  prfKlue4.1l  by  spfrntaneous  deiv>mposition  of  the  monochloride. 

The  monorMnride,  ICI,  is  obtained  by  passing  dry  chlorine  over  iodine  till 
the  whole  is  liquefied,  but  no  longer  ;  also  by  distilling  iodine  with  potaa- 
sium  chlorate,  oxygen  being  then  evolved,  the  monochloride  distilling  over, 
and  a  mixture  of  chloride,  iodate,  and  perchlorate  of  potassium  remaiuing 
behind. 

1,  +  3KCT0,  =  O,  +  ICI  +  KH  +  KIO,  +  KClO,. 

Iodine  mono<Oiloride  is  a  reddish-brown  oily  lii|uiJ,  having  a  suffbcati 
odor  and  ai^triiigent  taste;  soluble  in  nleolii>t  niiil  etlier  ;  dec<^mposed 
water,  with   fonuuliim  of  hydrochloric  and  io«)ir  ncids,  and  separation  of 
iodine.     It  sometinn's  solidifles  in  yellow  needles.     Sulphurous  acid  and 
hydrogen  sulphide  deooni|xMe  it,  with  separation  of  iodine  ;  with  aqueo 
solutions  of  alkalies,  it  yields  a  chloride  and  an  iodate,  together  with 
iodine;  thus,  with  potash — 

SICI  +  UKHO  =  SKl'l  +  KIO,  +  3Bfi  -f  I,. 


I 


J 


PLliOBINK. 


189 


Tbr  rrirttnriitf ,  IH,,  !i»  prMtiffyJ  by  treating  iodinv  at  a  gentle  h«at  with 
ol>!  -  ill  orutigu-vi'llow  ni.Hill>ns  ;  uiiiltR  at  ^K> 

U>  .  lilorLotf,  W'liii'li  it  rmUt^urlw  uu  coollug  ; 

a-  tii'>  tiiMiiiiohliiriiie. 

V  of  water  it  M  |iur(ly  rnsiilvixi  intti  aU 

Ilk— M<:»c    .■^1.'-.^ ■.'   M'" 1/ a  tuLxture  uf  tlie  trirliliiriili*  with  iuilio 

(ctkJtr),  atid  a  eolation  oimtniiiiiig  h/drvohloric  acid  aud  tbo  monocblotide— 

4I(n,  +  &H,0  =  lOUCl  4-  I,0,  +  21C1. 

K  Iiren  ijtiaotily  of  water  didsrilTee  it,  probably  without  de<wiap<ieition, 
\fm  aa  a  inixture  of  Ujrdrovbloric  and  iodic  acida  oontaiuLug  freu 

61C1,  4-  &H,0  «s  ISUa  -f  3HI0,  +  I,. 

TtM  tttrttdiloridr,  ICl,,  prodnc«<d   by   3pontaniH>U8  dc<%mpo8itiou  of  tho 
■aouobloiiilis  41CI  ^  ICl,  -}-  Wi  I'ryiJtalliztM  in  re<l  ootobtidruua. 


FLUORINB. 

Atomlo  weight.  I«.    Sjrrobol,  F. 

T  ins  never  l>eci>  ituilntinl — at  Icnst,  in  a  state  lit  for  ezani- 

hi  ities  an.'  I'iiiiseiiui'Ully  in  );ruul  mvatnirr  uiikiiowu  :  but 

^'  - '  I  \  .iUoiiM  luAili-,  it  \»  presiimL<ii  to  \w  (fOiteims,  aiul  to  poAsesH 

liirin"".     Till'  rniii)>ouii(l.s  (xiiitiining  Huoriiio  can  be  eniiily  de- 

^'1  the  irli-mrut  Iraunfi'iTed  from  one  b<xiy  to  anullier  ;   but  its 

.u-al  l•ll•-r^it-l•  towards  the  nii'tals  and  towanls  siliciuni,  a  vom- 

isi),  bjiVK  liilbtfrto  bnfflt<d  all  attoinpts  to  obtain  it  pur<<  in  the 

■  •.     A»  I'alriuui   lluoride,  it  exiiits  in  cuiiHidrrable  i|uaiititiea 

a  inini-ral  wliicli  crystulliies  in  line  ouIk-h  of  various  odors, 

ilitiiii  in  many  animal  snlwtaiiCKS,  such  ss  Iwiich.     Svre- 

cndtavort-d  to  obtain  it  by  dt'eunipo»in^  Bilvur  duoride 

■V  i.i.>...-  Mill'  in  vpssels  of  fluor-spar,  but  evi-n  tbvse  ex[H'riinvuta 

kara  not  led  to  a  dvcisive  result. 

"    "Irogen  Fluoride,  or  Hydroflaorlc  Acid,  HP. — Wlu-n  iwwdered 
I   lluiiri'li-  IS  lii'Htfil  Willi  roiii'.'iitrnted  snlpliuric  acid  in  n  r<>torl  of 
lUiu  or  leal  ojuui'Otcd  witb  u  iMiri'fully  conli-d  ri>oeiver  of  the  gaino 
vKrr   voltttili-  oolorlpsR  liquid  is  nbtainiHl,   which  i-mita  eopioUB 
'     iitind  fumes  in  the  air.    This  is  the  anhydroim  odd, 
it  may  Ik-  obtained   in  a  stale  of  perfi'Ol  purity 
'    '-inm  fluoride,  IIF.KK,  to  redness  in  a  plntinnm 
\n  at  ordinary  temiieratnre*  a  colorless,  tratis- 
,;  a  specific  gra'vitynfO.SSTfl  at  12.80C.  (.'iS'^'F.), 
.  bulling  at  li».4^C.  (6(>.90  K.),  funiinj:  den.iely  at  ordi- 
-    .Hiid  aletortiing  water  grei-dily  from  the  air.»     It  oon- 
>  1  of  fluorine  to  I  part  of  hydrogen, 
id  is  put  into  water,  it  unites  with  the  latter  with 
ujr  <i>liit»  solution  attaeks  glass  with  preol  faeilily.     The 
(M5ld,  dropped  upon  the  akin,  occasions  deep  and  nialignant 

•  Oort,  Joura*!  of  the  Cbemlail  Sooletj  [3],  II.  3«8. 
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ulceni,  »o  that  great  care  is  requivite  in  its  aianagenipnt.   U;rdroflMVioi 
oontoiiiH  1!)  parts  fluuriiie  anil  1  part  hydrogru. 

Ill  a  (liliil«^  8tat<!,  this  xcid  in  ociiuiioniilly  iihwI  in  the  aiiatyi>i:<  nfailto 
niis  mineral!*,  whvn  alkali  is  u>  Ih>  i;Bliiimt«<l  ,  it  iii  eniployinl  i> 
iuK  on  gla-Hs,  for  wliich  puriKux  lliu  avid  amy  be  prepared  i 
Iliad,  that  metal   boiiig  but  slowly  attacked  undur  tlicae  ciriiuuitH 
Tlie  vapiir  of  tht>  acid  is  aUo  vrry  advautagi'nusly  applioj  to  I  in-  «a 
pnsM  in  the  following  manner:  Tlio  jjl.irs  to  Ik>  cngravwl  in  coal* 
t'tcliing-ground  or  wax,  and  the  design   tr.ic«d  in  the  nsual  way  viilb 
pointed  inatriinient.     A  nhallow  hasin,  uiaile   by   Iwatiug   np   a   p|e«« 
aheel-leiul,  is  then  prepared,  a  little  powd>.-re<l  ttnor-i()iar  plarrd  in  it, 
xoongh  sulphuric  acid  added  to  rnrin  with  the  latter  a  thin  paste. 
glass  Ls  placed  upon  the  ba«in,  with  the  waxed  side  downwnril!>,  and  |r«n 
heat  applied  Ix'neath,  whicli  mpeedily  disengniteH  the  vajMir  of  Iiyt|niliuti4 
acid.     In  a  very  few  minutes  tin'  oiieralion  Is  rnmplele  ;   the  (.•lasn  i*  llij 
rcinnved,  and  cleaned   by  a  little  wnriii  oil  of  turpentine.     When  the  i 
periinent  Is  successful,  the  lines  arc  very  clean  and  smooth. 

No  oombiuation  of  flnoriue  and  oz/gen  liod  jrot  b«eu  diavurured. 


SULPHUR. 

Atomic  weight,  S'3.    Symbol,  S. 


This  is  an  elementary  Inxly  of  gr«jat  importarni'  .inci  intern*!.    It  I#  < 
found  in  the  free  state  in  connection  with  dejH.-  ini  and  nx'k-sa 

and  in  the  Assures  of  volcanic  crat4Ti.     Sicily  i  i  large  pro|i<irtk 

of  the  sulphur  einployeii  in  Buro]>e.  Sulphur  uUo  occurs  abundantly  I 
oumliinatiou  with  iron  and  other  mutals,  and  as  sulplinric  oind,  uuitnd^ 
lime  and  magnesia. 

Pure  sulphur  is  a  pale-yollnw  brittle  solid,  of  well-known  app<<arana 
It  midls  when  heated,  and  dtxtils  over  nnalterml.  If  nir  lie  exrhnKit. 
crystals  of  sulphur  exhibit  two  distinct  and  Inconipttlilil"  forms — iiamet 
first,  an  octoli,.<lron  with  rhombic  base  (flg.  I'A'i),  which  Is  the  llgure 
native  sulphur,  and  that  assumed  when  sulphur  separates  from  aolnlll 
at  common  temperatures,  as  when  a  solution  of  sulphur  in  earlKm  liisq 
phide  is  exposed  to  slow  evaporation  in  the  air;  and,  Becondly,  a  leiiKtl 
«uud  prism  having  no  relation  to  the  prcceiling  ;  this  ha|i|>niis  wbvu  a  i 


Flc.m. 


Tig. !»». 


ilphnr  is  meltmi,  ami,  afl«r  partial  ooolins,  the  crust  on  Ih*  *ar(an« 
bkrii,  and  the  fluid  portion  poured  ont.  rig.  12(1  shows  Iha  r>A»alt  of 
vxptiritoout. 
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the  sp<>eifio  gravitr  of  snljilinr  Tarios  acoording  to  tb«  fortn  in  which  it 


to  crjrcUillLiMi.      > 
privrnktic  rarictv 

«iU|it 
to  8n>i 

•aid  »>  ..... 

s  da«f>rt  CKilor ;  n 

•■•  li'iiAiri'Mis  that  I 

•lioul  Iho  Ui 


arid/  liM  th«  Bi>ovific  gravity  2.046  ;  the 

.  .  (-..--  K.).— at  114.50C.  (238.10  K.),  «ec.r.lliijj 

|>craturf  it  is  i>f  tlu-  color  of  aiulwtr,  nud  tliin  and 

rt]..'r  )i4>ated,  it  iK-gins  to  tliickcn,  anil   to  arqniru 

.  221-  C.  (43t>^  F.)  and  24:i-  C.  (48iiO  F.)  it  \a 

in  which  it  in  contained  may  Iw  inverted  for  a 

>8  u(  its  contents.     If  in  thi.i  s^lAto  it  be  poare<I  into 


line  for  uuiny  hoars  a  remarkably  noft  and  flexible  condition, 

•ked  upon  an  the  aiunrphous  state  of  sulphur.     After  a 

■iiies  brittle  and  iry«lnlline.     From  the  teniperalnri"  last 

.  ill.    boiling-point — al«jul  4lnio  c.  (7020  K.) — xulphnr  n^ain 

11  and  liquiil..    In  tli"  iip'puraliou  of  commercial  llnniTH  of  fiiil- 

jior  is  conducted  into  a  lar^e  odd  chaml)i'r,  where  it  condenses 

rystals.     The  opecific  gravity  of  sulphur  va|>or  is  2.22  referred 

I  as  unity,  or  32  compared  with  that  of  hydrogen  (Deville). 

-  insoluble  in  water  and  alcohol  ;  oil  of  turpentine  and  the  fat 

it,  Imt  the  licst  substance  for  the  purpose  i.<  carbon  bisulphide. 

latinns,  sulphur  bears  great  retinnblance  to  oxypen  :  to 

there  are   correspondin);  sulphides,  and  the  sulphides 

.-  themselves,  forming  crystallizablo  compounds  analogous 

irkable  for  the  great  nunilier  of  modifications  which  it  is 

o(    asauuiiiig.     Of   these,  however,  there  are  two  principal  well- 

•rixtol   varieties,  one  soluble,  and   the   other   insoluble  in  carbon 

iphide,  and  many  minor  modiScations.     The  soluble  variety  is  distin- 

■hed  liy  K«Tthelot  by  the  name  of  elKlro-negalivt  nUjikur,  because  it  is 

rlii  '  I."  at  the  positive  jiolu  of  the  voltaic  battery  during 

n   aqueous   solution  of   hyrlrogun   sulphide,  and  is 

(i..,..  .ombinations  of    sulphur   with    the    electro-positive 

The  insoluble  vurii'ty  is  di>tin;;iilshed   as  chctro-potitire  sulfilmr, 

•  it  \n  ihi'  fonn  which  appears  at  the  negative  poledurin^;  the  electro- 

aponition  of  sulphurous  acid,  and  separntes  from  com]ionndN  of  sul- 

witli  the  eleotro-ni'gativc  elements,  chlorine,  bromine,  oxygen,  etc. 

MiCKlifirjitions  of  soluble  sulphur  are  the  octoheilral  and 

-  .ilready  mentioned,  and  an  amorphous  vivriety  which  is 

•  Nh-white  emulsion,  known  as  milk  of  sulphur,  on 

lite  solution  of  an  alkaline  polysulphide,  sueb,  for 

by  liollinp  sulphur  with  milk  of  lime.     This  .imor- 

liy  keeping  into  a  m.i»»  of  minute  octohedral  crys- 

Hir  appears  also  to  Iw  allied  to  this  modification,  but 

•  in?  a  small  jMirtion  of  one  of  the  insoluble  mollifications. 

iiimliflcnlions  of  insoluble  sulphur  are  :    1.  The  amorphous 

obtainwl  as  a  soft  magma  by  decomposing  chlorine  bisul- 

or  bv  ailding  dilute-  bydrDchloric  arid  to  the  solnliim  of 

»cii)ii.ii.'   tp.  19H).     2.  The  jda-stic  sulphur  already  mentioned   as 

«1    bv  p<-iiiring  viscid    melted   sulphur   into  water.     A   very  simil.ar 

is    pr.xluoeil   by  boiling  metallic  sulphides  with   nitrio  or  nilro- 

aild. 

nihitinn?  of  hydrogen  sulphide   and  ferric  chloride  are 


itate  is  sometimes  formed,  which  is  said  to 
I  lulphor. 


■  niiro-  I 

mixed    ^^ 
to  l>e  a    ^1 
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Ormpounds  of  Sutphur  and  (ktggtH. 

and  compciaition  are 


There  are  two  oxides  of  aalpliur,  whose 
follows : — 


Snlphnr  dioxide  or  Salpburous  oxide,  SO, 
Sulphur  triuzide  or  Sulphuric  oxidu,    80, 


Compusltloo  by  wrljcht, 


Sulphur. 
32 
32 


+        33 

+        46 


Both  thi-si'  oxides  niiite  with  water  and  lORtnllic  oxid<>s,  or  thi'  Hmni 
tlu'rifif,  priHiucilig  sails  ;  thodc  durivtil  fmin  .■<ulphun>ii!i  nxidi'  itrp  rail 
aulphiU-s,  ami  those  rtfrivi«I  from  sulphuric  acid,  »dlphatrji,  " 
oompositioQ  of  the  bjrdrogen  salts  or  aoids  is  as  follows  : — 


UydrogvD.    Sulphur.        Oxygen. 


Hydrogen  Sulphite,  or  ) 
Sulphurous  lu'id,      / 

HydroRcn  Sulphnti?,      J 
or  ijulphuriv  acid,    ) 


32 


+       32      + 


48 


64 


W»fer. 

18 
W«ter. 

18 


Sulpha 
ou>  oxit 

■f     64 
Sulph« 

OKtd* 


The  Ibnnuls  of  these  acids  are 


Sulphurous  acid,  II,SO, 
Sulphuric  acid,      H,S<), 


H,n.BO, 
ll,<l.St), 


Tlie  rpplac«ment  of  half  or  tlir  whole  of  the  hTdrogen  bj  metals  gll 
rise  to  luetallio  sulphites  and  sulpliates. 

Bjr  the  oomhiuation  of  sulphurii'  oxide  with  sulphuric  acid  in  the 
portion  of  S*l,  til  H,SJ<),  (or  80  parts   hy  weight  of  the  oxide  to  9H  of  • 
a<<id)  an  acid  isforoied  called  disul  ph  u  rio  or  p/rosulphnr  Ic  tet 
having  the  oumpogition  ll,^i,Of,  or 

Hydrogea.         Sulphur.  OxyKrn. 

2        +         04        4-         H2 

'nter<<  are  aUi<serernl  acids  of  sulphur,  with  their  corresponding  metalUe 
salts,  to  which  there  an^  on  uirrcj-ponding  anhydrous  oxides,  fit. : — 

1.   Iliipoinilphnrmu  Ariil,  H,SO,,   having  the  c'lmposillon  of  sulpha 
acid  miNiu  one  atom  of  oxygen.     lt«  comjiosllion  by  weight  [»— 

Oxyceo. 


Bydrogeo.        Sulphur. 
2+32 


33 


a.    Thionlphnrif  Acid,  H^O,,  ksrlnp  the  composition  of  salphario  ) 
In  which  one-fourth  of  the  oxygen  la  replaced  hy  sulphur,    lis  ooiupoat|| 
by  weight  is — 

Hydrogen.        Sulphur.  Onygen. 

2         -I-  lU         4-         4« 

aosely  allied  to  this  arid  is— 

3.   ivJr»intulf'karir  An'il,  n^^SMy,,  liaTinc   the  eov  .f   snTp 

orid  in  which  iini>-fourth  of  the  oxTRcn  in  rTlsce.1  m.     Its  i 

position  liy  weight  is — 

Bydmgen.        Ralphar.  SelcDlnn.  Osytni, 

■a        +         Si        4-         79.4        4-        48 
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A  Si-rif-?  tif  ,ici(U  rnlled  Ihlj/tiuonic  Acidi,*  in  which  lhi<  siimi*  qiianti- 
'^'KO  srtt  unit4Hl  with  (inaniitiea  of  luiphur  In  thn 
i<  i,  3,  4,  6,  vi«. : — 


1 


X'-.ih 


IlviMlllUl- 


Hydrogen.     Hulpbur.        Oxjg«a. 
.       2       +  W       +       »U 

.      2-1-        ftti      -I-      im 


+ 
+ 


12S 
130 


+ 
+ 


U« 


SiUpbar  IHozide,  "r  Salphuroas  Oxide,  SO^. — ^Tbis  Ib  tli«  onl/ 

1*1..!  '    •'  '      •■■»  ot  sulpliiir   in  lirjr  air  or  oxvgcu  gns.     It    is 

UK-  •  il  liy  iii'atiu^;  &u1|iliiirio  atiii  wilh  uii'Iallii' iii>:r- 

'  ^-.     A  portiim  uf  llii"  aciil  is  tii'ioraixwetl,  one-lhini 

sulpliiiric  oxiilo  Winn  transfrrri*)!  to  tlii.<  iiii'tal,  wliilo 

I  is  retlucvtl  U)  sulpiiurous  oxi<li:  which  oacapvn  Oil  gas  : 


I 


2(II,0.sry  +  Ca  =  C'iiO..SO,  +  211,0  +  80,. 

Siil|ihurio  l'o|i|>er 

•eld.  Bulpbate. 


i...,ii,..r  v.iv  ~Mii|i1i- nii'thixl  of  prujijiriiig  sulphurous  oxidii  consists  in 

I  giiljiliuric  nriil  wilh  sulphur;  a  very  rvgular  evolu- 

viili*  is  thu><  nlitaini-(l. 

eiul|>liur<>ii.->  •ikhlr-  i»  a  njlurh-ns  ):a».  having  the  {H'culinr  sulTooating  <>dor 

<f  Imr^iinjr  hriiii«l<iiip ;  it  ItiKluiill.V"  •.•xllti|fiii.slH<»  llattu',  ami  is  iiuilo  irrt>- 

ity  Is  2.21;   a  litre  weiRhs  2.lH0l)5  grouis  ;    IW  cuhiu 

I  uraiiis.     At  — ]7.*^t'.  (CO  K.),  under  the  ordinary 

Lj»T»  here,  this   ens    ei>ndeMs>-s   to    a  i-olorh-ss,   limpid 

H^Bi  V  heat.     Cold  water  dissolves  more  than   thirty 

niai.  ,  i.urous  oxide.     The  solution,  which  contains  hy- 

''  or  sulphurous  acid,  niny  he  kept  unchanged  so  long  as 

1.  hut  Bcre»>i  of  oxygen  produally  converts  the  sulphurous 

1  uiic  ociii.  altho\it;h  dry  sulphurous  oxide  and  oxygen  gosi-s  niay 

•><inta<'t  for  any  length  of  time  without  change.   When  sulphurous 

ji|Hir  are  pn.*<sed  into  a  vessel  e«K»led  to  hehrw  — H..1^'  or 

I'".),  a  crysi.illine  Imdy  forms,  which  contains  alxnit 

.,...11-.  ..Ai.ie  to  75.8  of  water, 

nine  of  sulphurous  oxide  gas  contains  one  volume  of  oxygen  and 

Iiimie  of  sulphur  va|S)r,  condensed  into  one  voluno-. 
^ulphnron.j  oxide,  like  other  gases  whioh  are  freely  soluble  in  wnti'r, 
nii»T   tx.  rvdleoted   hy  displacement,  or  hy  the  use  of  the  mercurial  pneu- 
"igh.     The  manipulation  with  the  latter  is  exactly  the  same  in 
:»M  wilh  the  ordinary  watir  trough,  tint  rather  more  troublesome, 
'    '■         '       '  the  mercury,  and  its  opacity.     The  whole  sppa- 
1  .scale.     The  trough  is  U^st  constructifl  of  hard, 
ivihI  na  t<i  eiiumimiie  as  much  as  jiossihle  the  ux- 
!;iin, 

I  'leaching  properties  ;  it  is  nsed  in  the  arts  for 

wfsillen   gooiiK  and  straw-|>lnit.     A  piece  of  blue  litmus-paper 

■lift  tb<-  fooi-t  ITS,.*  \h  first  redditned  and  then  slowly  hlt.achcfl. 

1  .■»  are  soltible  and  cryslalliitable :  they  are 

fBiii  itlon.     The  sniphites  of  bariam.  strontium, 

•tul  io->'i>ii<o'   III   water,   hut  soluble   in   hydrochloric   acid. 

Tile  li-ids  dwmiiMwe  tliem  ;  nitric  acid  converts  tliein  into  sul- 


tr 


•  F/om  •»**>  toMnx,  moJ  itT99,  sulphur. 
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phatcs.     The  soluble  sniphites  act  as  powerful  reilncing  ■gouts,  anii 
uiiirli  u»ih1  ill  that  rapacity  iu  rli'iuical  lUiaU'vis. 

iSulphuroux  uxitltf  unites,  uiidt^r  peculiar  (.irvumttAnces,  i>il1i  <  )i1><ni 
and  also  witli  iixliu<?,  fonuiug  (HiiiipotiiiilH  wliicli  liuve  beuo  r 
ami  iiMiu-sulphuriuacids.    Thi.>y  ared>H.'uuip<MMl  by  watttr.     Itnl 
with  dry  auiuioniacal  gan  ;  and  witU  nitric  vzide  in  pr«.<s«ii(x<  vf  ui  all 

Btilphnr  Triozide,  r>r  Salphuric  Oxide,  Sn^  (atw)  callwl  Anfi 
Satjtiturk  aciit,  i:'r   :>itijtliurir  ttmnjtiriitf). — 'I'ltis  r'niip*n)nd   may   \m*  ff»rn 

directly  l»y  passing  a  dry  niijctnrc  of  anipliiirous  "xidf  and  "■'•■ -•• 

uvvi  heatvd  sjRingy  plutiniim;   or   it  luuy  Iw  ijl>t«iniHl  liyili 
most   ronc«iitr;ited    i-ulpliurie    acid   witJi    pliosplmric   oxifli-,    ^^ 
ntMtracts  thn  water  and  »i>t»  tliu  sul|ilitirip  oxide  fri'i-.     It  in  nsiiially  ji 
jiarwi,  liowcvrr,  rmiii  tli<-  fuming  oil  of  vitriol  of  Nordhaa«<<n,  wliicli  ni 
Ini  ri'gurdiHl  im  a.  Nnliilinn  of  tiulpliaric  oxidu  in  sulplinrie  aeid.     On  gi-n 
lii'ntiiig  tills  liquiil  in  a  retort  ponni'ctod  with  a  receiver  cimled  hy  a  fre 
iiij;  mixture,  the  milphuric  oxide  distils  over  in  jjri>nt  nl'n     '  nd  i 

deiixea  iiilo  lieautirul  white  silky  crystals,  resiMiililing  th'  los. 

tiulphuriu  oxiile  IS  also  prixluceil  in  consideralile  iiuttiiii. .  ^ l"llo 

ing  prcxvss.  Vnpnr  of  ordinary  strong  Ktilphiiri><  iicid  is  passed  thrnugt 
whito-liol  plntiniiiii  tulie,  whereby  it  is  almost  mjiiiplcti.-ly  rcnolvwl  ifl 
water,  oxygou,  and  sulphurous  uxidv  : — 

IljSO,  «»  H.O  +  O  +  SO,. 

TbvtM*  inixod  guHM,  afliT  pAssing  through  a  leaden  worm  to  contloDM 
greater  portiou  of  the  water,  are  dnhydrated  by  passing  them  throug' 
leaden  biwer  filled  with  ouke,  over  which  a  stream  of  ironcentratiil 
pliiirio  acid  is  allowisl  to  trickle  ;  and,  flually,  the  dry  mixture  of  oxyi; 
and  sulphurous  oxide   is  ]>.'i.ssed  through   |il,itinniu  tub<.-A  heuteil   to 
redness  and  containing  fragments  of  platinised  pumice,  whereu|Hm  tl 
recombinc  to  form  sulphuric  oxido,   which   ia  condeiLse<l   in   a   ncrii-s 
VVoullfo's  Iwttles.     This  jinxxtss  bids  fair  to  succeed  aa  a  maiiufarturi) 
operation.* 

Sulphuric  oxide,  when  thrown  into  water,  hlmes  like  a  n-d-hnt  \r 
from  the  violenoe  with  which  combiuation  ocount :  the  product  > 
ai'id.     When  ex|>osi-d  to  the  air,  oveu   for  a  few  momenta,  il  Id 

alisorption  of  moisture.      It   unites  with  ainmoniocnl  gas,  fonniii/ 
called    nmmoniuiu  sulpliaiuate,    Ihu  nature  of   which   will    bir  explalntnl 
further  on. 

Sulphuric  oxido  is  sus«>ptililu  of  two  modifications  (<  and  B),  dilfi-r 
in  their  ]U'u|H^rtit-s,  though  iiideuttfal  in  composition.     Bodies  tbu>i  rela 
are  saiil  to  be  isoiii  eric  (fi'oui  itk,  equal,  aihI  fttft^,  j»art).     ThiMe  orii 
few  exauiplet  of  this  rel;ili<ui   nmongut  tiiorg.-iiiiu  coi'ii-'OoHs,  leit  ilj 
frecjiienl  tKvurrence  in  organic  cliemislry.     The  •-)" 
cooling  the  liijuid  oxidi-,  soluliUi«  at  -t-ltP  in  huig 
melt  at  the  siuue  ti'iupi-riiture;  il  IhiHh  at  4CO  ;  mi'l  >i~ 
tension   represented    liy  UOll   millimetres  of  mercury.     B 
produced  from  the  a-modiQcation  nl  lemiu'ratures   U.luv 
the  trniisruiumlion  dims  not  go  on.      It  forms  extreii. 
at  lemi>erature«  alxive  .'iiio  it  gradually  liqiieHes  ar 
moditicatiun.     Lii|uid  sulphuric  oxidu  undergoes  v 
hnat.  Its  menii  iii-xlBeient  of  axpanaton  Is'tween  2.'' 


for  lo  ( 
The  tw" 
tniphnii, 


iwiHlhlr.l- 

II  their  r. 

i  linns  with    1 1 
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thr  9-oxiii''  'l(*^vii»  fn  «iilpliuric  acid  with  extrome  sloimeeg,  aatl  gradu- 

""Of  10i.art«SO,iiii.i  1-2  part)  II^O,.     With 

•  iii.  uo  solid  oxide  si*paral».»,  evi^u  nu  (*<>iliiig 
11   ill!' proportion  of  acid,  14^^ I,,  amiiuiiUt  to  A  purU 
;lm  lii|uid  may  dejraeit  vr/stiUa  uf  pyrogulpUurio 
-  ,    .    -     .  --,      .^'J.. 


Bnlpbarie   Aold,  IIjSO^. — Tti «  proparstion  of  tbla  important  acid 

t   tUat,  wlicii  Fulptitiroun  oxide,  nitrugon  tutroxidv, 

I    togutliur  ill   cerlaiii  pruportioDU,  tliu  eulphuroua 

i  at  Hin  HxiHiimu  of  tli«  nitrogm  tetroxidc,  whicli, 

of  itfc  oxv);<<ii,  sinks  to  tliu  cvudilion  uf  nitrogun 

.  ,  :     -.   ii  is  thus  «iudu<itfd  ; — 

1  vtry  long  riiaiulntr  is  built  of  shui't-lviid  Mupportud  b;'  tim- 

>  oil  tliv  out«idv,  at  ouo  extremity,  a  small   furnaev  or  oven  ii 

>'  harluK  a  wide  tiiLx'  ItMulitig  into  the  chamber.      In  thix,  aul- 

..  '    hnruiu^,  the  llamo  of  which    heats  a  crucible  containing  a 

aid  oil  of  vitriol.     A  Bhallow  stratum  of  «rati.<r  occupies 

muIkt,  an<l  a  jet  of  .iteam   is  also   iutniduced.     Laatljr, 

w«  ifjr-<l  At  the   remote  end   of  the   ehaml>er  for   the  spt^nt  and 

OMteM  gaa««.     The   elTcct  of  these  arrangctneut^   is  tu  cause  a  const,ant 

sui.nlr  i.f  •<iilp)iiirous  oxide,  atmioiplicrie  air,  nitric  acid  vajwr,  and  water 

■  f  steam,  to  )m  throivn  into  tlie  chamber,  there  to  mix  and 

ich  other.     The  uitrio  acid  inimediatel/  gives  up  a  jmrt  of  its 

tu  the  sulphurous  oxide,  and  is  itself  reduced  to  nitrogen  telroxide, 

NO, ;  it  di^rs  not  remain  in  this  state,  however,  but  sulTerrs  further 

lion    until    it    bei-onn-s    r<nluce<l   to  nitrO);<-n  dioxide,   N,IJ,  or  HO. 

*  Rianiv,  in  <vinl«rt  irilli  free  oxjrgi'n,  absorbs  a  jMirtion  of  the  latter, 

'  mnrr-   '■     '   '"'xiile,  wliiih   is  n^iain  destined  to  umler^r,  de- 

«\iilAli<>n  bi  of  sulpburoiis  oxide.     A  v<Ty  small  portion 

•f    iir  ._•■  li  :  :  with  atniusplnTii-  air  and  sulphuromi  oxide, 

ume  convert  an  indenuite  amount  of  the  latter  into  sulphiirio 

■yg  as  a  kind  of  carrier  Ix.'tweeu  the  nxygi-u  of  the  air  and  tbu 

ixide.     The   pn-si-nce  of  water  is  essential  to  tUia  reaction, 

'■r  iepreseute<i  by  the  iHjuatiou, 

NO,  4-  so,  +  H,0  =  NO  +  H,S(>,. 

i.  .1...  .:.....!.  ..>    rjKw  that  can   be  taken  of  the  prn<l action  of  sul- 

■n  chnnilx-r;   but  it  is  too  much  to  ullirni  that  it  ia 

ion  may  Ijo  more  complex.     When  a  little  watur  is 

of  a  large  glass  glol>e,  so  as  to  maintain  a  certain  degreu 

"  air  within,  and  anlphurous  oxide  and  nitrogen  tetrox- 

'  by  separata  tubes,  symptoms  of  chemical  action  become 

nt,  and  after  a  little  time  a  white  crystalline  matter  is 

,j  T<i  r<>n>i,-'nse  on  the  sid<*H  i^f  the  vessel.     This  sulistanee  appears 

compound  of  sulpliurio  acid,   nitrous  acid,  and  a  little  water.* 

'1  to  thl»  Bubatfince  the  compotltloit  exprcssct]  hy 

nut]   thl»    view   Ims   nennrfilly   been  received  hy 

>   PruvoHMye  h'\«  since  ihnwn  thnt  n  eonipound 

n  ;  iTtlrs  of  llie  body  111  nuestlon   In ny  be  formed   liy 

t'S  luie,  lli|ulil  •iiliihui'ims  >i\l>le  met  liquid  nttro- 

•  'IT.     Thi*   whlti*  rrystfilliiie  ,*nlld   Biton  t'Citini  to 

*vtMit>-Mt    ItMiit-,  file  r,'ict\nn  <i[»iii')»rs  nmiplete. 

'  I.V  in  ,-»i-ei',hnu'ly  voUIHc  )!reonliiti  lliiuld  hnvlniK 

■•  -    -  '  ■'  '    'Hire,  on   niiil) -il*,  wts   found  to 

.iirir<  i>xiilt>,  'ind  odr  ot  nitrous 

■    till*  nnnmihefl  In   ttie  dllTeraut 

-  "it  the  purl!  siihstunee  torma 

"f  sulphuric  huM.    (h.nti. 

.1  fiir  (Jlieu>le,l&«3,  V-l-^V 
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Wlii-n    llirnn-n   into  water,  il  is   rtiiolvLHl    into  snipbnrio  acid,  nit 
diiixiilc,  and  nitric  acid.     Tliia  ruritum   \ioily  a  wriaiiily  v.>r_v  odon 
dtioil  in  largi.'  quantity  in  the  li^nden  cbuinlwRi  :  but  tbiti   ita  pniduc 
in  iuiliiiiivnsabli'  to  tlie  vuivitsK  iif  tbc  pr<>L'i's»,  and  cunsiluiit  wbi-u  Ibr  ( 
rnticin  g<x>s  on  wvll  and  tlit-  uitruguu  tvtroxi'le  u>  nut  in  vximss,  iub;  petti 
admit  of  doubt. 

Tliu  vrnli-r  at  tbu  b<ilt4>ui  of  tbe  chaml)er  tbos  hrvomcc  loxU-d  witb 
pburic  nt'ld  :  wIumi  a  rcrlain  degree  i>f  strcngtli  bn»  lnwn  rt*iuJic»i,  tbe  i 
is  drawn  olT  and  (Mncontral«l   by  evaixiratinn,  firnl  in  li-iwli-n    pans, 
nfti'rwards  in  slilLs  of  platinum,  until  it  attains  a  dcniiity  (vrbi'n  oild| 
1.84,  or    thi'rualxuitR ;    it   is  tbt-n    transfi«rri«t   to  lairiHivs,  ur    large 
bottU'S  flttc<l  In  baskets,  for  stale.     Iniireat  Hritain  tbia  manufacture  u 
of  great  national  im|ioi'tanue,  and  is  earried  on  to  n  vait  extent, 

Sutpburic  acid  in  now  more  fri'quently  ma<le  by  burning  Inin  pyril 
poor  eopper  ori>,  or  r.ine-blende,  instead  of  t<i>iilian  sulpbur:  aK  titua 
parwl  it  very  frequently  contains  arsenic,  from  wbieb  it  may  be  freed,  1 
ever,  by  beating  it  wilb  a  small  quantity  of  »o<tiuni  cbloride,  or  by  pa 
tbroujrb   the  lieatinl  acid  n  eurrent  of  bydnx-'hloriu  acid  ga»,  wbcrebyj 
arsenic  is  volatilizi-d  as  tricbloridc. 

The  most  cnncentratiil  suliiburic  acid,  or  oil  of  I'ilriol,  as  it  is  often  < 
Is  a  detinitc  cmibinalion  of  4<)  parts  sulpburic  uxide  and  U  jiarts  of 
and   is   representoil    by  the   formula    H,<l.SQ,,  nr  ilfSO^.     Il    i»  a  cadorl 
Oily  liquirl,  bnvinj;  aspeeidc  gravity  of  aUiut   LB."),  of  intens<-ly  atdd 
and  reaction.     Orijanie  matter  is  rapiilly  charred  and  <b-stroyi.il  by  it. 
the  teuiiM'raturi'  of  — 2UO  {'.  ( —  I'lO  K.)  il  frwics  ;  at  3'J7^  (.'. 
It  boils,  and  mny  be  distilled  witlnmt  decomposition.     Oil  of  vilri<d  \iM 
mofit  cncr;,'ctic  altrairtion  for  water  ;  it  withdraws  aqueous  vapor  from  ' 
air,  ami  when  it  is  ililutisl  with  water,  gn-at  beat  is  evolvinl,  so  thai] 
mixture  always  requin-s  to  lx'  ma<le  with  caution,     IMI  of  vitriol  ii  i 
only  hydrate  of  sulphuric  oxide  ;  three  others  are  known  to  e%iit. 
the  fuming  nil  of  vitriol  of  Nordhausen  is  exposetl  to  a  biw  t'  • 
while  urysLalline  snlistanee  se|iar.-it(«,  which  is  »  hydrate  n-u 
as  niueb  water  as  tbe  eouiuion  liquid  arid.     Kiirtlier.  a  i 
of  strong  liquid  acid  and  I.h  j>arls  of  water,  211^1). .SO,  '  id 

guals  or  cryslalliici.w  at  a  lem|n'ratiiii-  alKive  I10  ('..,  and 
at  T.20  r.  (45C' !•'.).     Lastly,  when  a  x'ery  ililute  acid  is  iiiniimlraUt 
evaiMiration  iu  a  vacuum  over  a  surface  of  nil  of  vitriol,  the  evapurad 
stops  when  the  sulphuric  oxide  and  water  War  to  each  other  tbe  prof 
tion  of  HO  to  .'54,  answ.'ring  Ui  tbe  formula,  Itll/t.SO,  or  II^SO,.:ill,0. 

When  the  VB|Mir  of  snlpbiirie  acid  is  passeil  over  red-hot  platinum,  1 
deconip<i«ed   into  oxygen    and    sulphurous   acid.     St.  Claire    DevlUn 
Uebray  have  ri>cimuoendoil  Ibis  proci'ss  for  the  preparation  of  oxygo 
the  large  seule,  the  sulphurous  acid  ln<ing  easily  separstiol  by  its  sulni 
in  water  or  alkaline  nolulinns. 

i^ulpburie  acid  acts  readily  on  metallic  oxides  ;   conrertii 
sulphates.     Il  alsodec<im|Nitii'8  carlNinateN  with  the  greal<t<l  en 
curUui  dioxide  with  elTerveswnee,    With  tlie  aid  of  heal  it  likewi»e  de 
poses  all  other  salts  containing  aciils  neire  rotatile  than  Itself, 
phates  are  a  very  important  class  at  salts,  many  of  tbcm  Is'iug  nxt 
usivl  in  the  arts.     jliMt   Hul|)hn(e«  arc  solubl»  in  water,  but   Ibe 
soluble  in  alcohol.     The  barium,  calcium,  strontium,  and   lead 
insoluble,  or  very  sliglitlv  siduble,  in  water  :  and   are  formed  by; 
tnling  a  ooluble  salt  of  either  of  thoio'   01,1  lU  ui 
Ditlulibi  metallic  i>cil|ihate.      Ilarium  siil 
coiiHiHiiiently,  siilphurio  acid,  or  its  »olii> 
frrfatffit  ease  br  itoJnllnn  of  barinm  niiral.i  or  1  liloride  : 
it  llim-bjr  fiirmixt  niiich  Oocs  nol  il'is»i>\vu  \u  uWrVc of  V- 


ili.K 


Ptr  rrifcolphttric  Aoid,  H^,0,  (also  cjillt-d  FumimJ  Sul- 
j/kr^Acmi  ail  '  'ili>huric  Acul). — This  !u-i<l  oontaiiw  the  rK-mcnts 

If  ■»  bhiIm''  '(-'  oxide,  aud  ouo  moIw:ule  of  suliibiiric  ui'id, 

c«l  tvo  moleculos  <.4  sulijUuric  acid  utituu  oue  moU-culu  of  water: — 

H^.O,  =  SO,.H,SO,  =  2H,S0,  —  U^O. 

k  ^jr  Iw  obtained  of  definite  compoaition  and  in  t)ip  crystallinp  forrn  hy 
tUM^Uiiafal  snlphuric  oxide  to  strvug  sulphuric  acid  iu  the  pro{iorlion8 
«!•«•  faadtcaUMl-  The  resulting  crvstalu  melt  at  3r>o.  Tliix  acid  wan 
^mmmlif  porp&r>-<i  at  NnrdhnuBeii,  m  Haxony,  from  nn  impure  ferric  sul- 
pHto atMalncl  l*y  exiXKilu;;  ordiuary  ferrous  sulpliale  (green  vitriol)  to  a 
>i.-^i  in  coutart  with  the  air.  This  ferric  sul|>li»le  is  diiitilied  in 
mt  irranjjeil   in  a  reverberatory  furnace,  and  tlie  diHtillate, 

,    of  sulphuric  oxiile,  is  received  in  n  small  quantity  of 
tw-tc:   frequently  in   ordinary  glrong  sulphuric  acid.     A    hrnwn 
baiaj  Itqui'l  is  thus  obtained  whirl,  .igrees*  nearly  in  wnip<isit ion  with  the 
UjS,«>,,  Uas  a  sjieciflc  (L'ravity  of  1.9,  solidifies  at  tO  (_'.  to  cvlurlesa 
mad  i»  rvaolveil  at  a  gi-ntle  heat  into  S<»,,  which  distils  over,  and 


I 


Rjpt  which 


[ 


-■'■-  hehiod. 

^IWioani-  fuming  sulphuric  acid  in  the  manner  Just  described 

4m    I,  1  N'ordhauseu,  in  Saxony,  and  appears  to  have  been 

iifi<.>enth  i-entury  :  but  it  is  now  carrie<l  on  almost  exclu- 

i.     An  ejisier  and  more  productive  method  of  obtniniiig 

.ide  re<juiri>d  for  its  formation  is  that  of  Messel  and  Hquire, 

.1    (p.   194).      Kuniing   sulphuric   acid  was   nntil    lately 

!     -olviug  indigo,  but  it  is  now  used  in  very  large  quaii- 

ihraquinime  for  the  manufacture  of  artificial  alizarin. 

"/•) 

.:iu«,  that  of  potassium,  for  example,  which  has  the  wun- 
-.    '"'  KjSl),.S<),,   are    prepared   by   the    action  of  sulphuric 
Uie  ourrespotiding  sulphates.     When  strongly  heated,  they  giva 
«ff  ralpburic  oxide,  and  are  convcrte<l  into  suljtliates. 

HypostUpbaroua  Acid,  n^O,  (also  called  UydrotulpliHrmu  Acid). — 
T^u  »ci<i  i<  fotuied  liy  the  action  of  zinc  on  nn  aqueous  solution  of  sul- 
|ibar><u»  acid.  The  zinc  dissolves  without  evolution  of  hydrogen,  merely 
fy^ri--'"  <"  "'■■"i  ..»  ..vv.'ni.  A  yellow  solution  is  thereby  fonued  which 
^'t-^  ■  ilorizing  power  than  sulphurous  acid  itself,  and 

fiueklr  i:^  from  salts  of  silver  and  mercnry.     This  sol ii- 

taut  ts,  Uunever,  very  unstable,  and  quickly  loses  its  bleaching  power. 
A  ■K>r«<  drflnitc  product  is  obtained  by  immersing  clippings  of  zinc  iu  s 
■mwntrsleJ  solution  of  acid  so<Iium  sulphite,  NallfciU,,  contnini'd  in  a 
iliBiiil  Tes^«rl,  whereby  sodium  hyjH'isulphile,  Na,iS<),,  and  zinc-soilium  sul- 
'",)^  are  pr<sluce<i,  the  latter  crystallizing  nut.  Tu  i,-,oIatn 
li  .  -.  the  liquid  is  decanted,  after  hIkiuI   half  nn  Iintir,  into  a 

Us  filled  with  strong  alcohol,  and  the  lliisk  is  seab-d.  A 
ojVUUJiiW)  precipitate  immediately  forms,  consisting  for  the  most  part  of 
Itlir  «ir1itT"  sulphite,  while  nearly  all  the  hyposulphite  remains  dissolved 
ia  the  alcohol.  The  solution,  decanted  into  a  lliisk  <(iiile  filled  with  it, 
««U  deaMl,  and  left  in  a  cool  place,  solidifies  in  a  few  hours  to  a  iiiass 
•r  alitnirr,  colorless  needles,  consisting  of  sodium  li  y  [los  u  I  jih  i  te, 
•  bidi  iiiu»t  ho  quickly  pressed  btdweeu  folds  of  linen,  nud  dried  In 
a  ratauoi.  as  it  U-comes  very  hot  if  exposed  to  the  air  in  the  moist 
•Utc  ;  when  dry,  however,  it  is  not  afrttted  by  oxygen.  This  salt  is  very 
•olnbln  ID  water,  mdublc  alao  in  dilute  alcohol,  the  solutions  exhibiting  all 
th«  U««elllnK  and  rcdaciug  properties  abovo  deacrilted.    The  grystaU  w Uea 
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exposed  to  tk«  air  &re  oomplL-tuly  converted  into  acid  siodium  8ulpk 
NallrfOj.  By  heating  them  with  oxalic  a<:id,  livpin-iilphuroua  neiil  is 
taineil,  an  a  deep  urftnge-<yj|ored  struiigl.v  hl>-aohiiig  liquid,  which  quii 
ducoiujiose!!,  becoming  uolurless,  aud  depositing  sulphur.* 

ThioBUlpburlC   Acid,  'l,S/1j  (formerly  called  Ili/immilftlmrowi  AcUt)J 
By  iligeMtiiig  liulpluir  with  u  :iulutiun  uf  ]H.>tasi>ium  ur  sodium  sulphil 
portion  of  that  aubntaiice  in  dissolved,  and  the  liquid,  by  slow  evaporati 
furnihUcs    crystals    of  tliiosiilphate  :    Na,S(J,  -|-  S  ^  Na,S,(;>j.       The 
itself  is  scarcely  known,  for  it  cannot  be  isolated  ;  wlien  hydrochloric  i 
is  folded  to  a  solution  of  a  tliiosiilphate,  the  acid  t>f  the  latter  is  aln 
instantly  resolveil  into  milplinr,  wlm-h  precipitates,  and  sulphurous  ; 
easily  reoogniiteil   dy  its  odor.      In  a  very  dilute  solutt<in,  however,  it  ap- 
pears to  remain  undcconij»>sed  fur  Mouie  time.     The  ulkuliue  thiosulpha 
readily  dissolve  ci>rtaiu  salts  of  silver,  as  the  chloride,  which  are  inaoluk 
in  water — a  property  which  has  conferred  ujKin  them  a  cousiderablo  gba 
of  importance  in  rclatiou  to  the  art  of  photography.     They  are  also  mu 
usini    as    an  tich  lores    for    removing    the   last    traces  uf  chloriuo 
bleachiil  goinls. 

Selenioaulphnrlc  Acid,  H2SeSO,. — ^This  acid,  having  the  oomposi 
of  sulphuric  acid   in  which  1  atom  of  oxygen   is  replaced  by  selenium, 
formed  by  direct  aildition  of  Beleuium  to  sulphurous  acid.    When  solenii 
is  digested  with  a  solution  of  neutral  potassium  sulphite,  and  the  ci 
decomposible  liquiil,  after  being  filtered  from  the  selenium  which  sepan 
on  c4M>liiig  and  dilution  with  watiT,  is  left  to  evaporate  at  ordinary  %*■ 
ratures,  there  crystallizi-s  out,  first  a  sparingly  soluble  selcniferous  salt  in 
small  shining  prisms,  afterwards  a  much  more  soluble  salt,  which  is 
chief  product  of  the  reaction,  while  the  excess  of  sulphite  remains  in 
mother-liquor. 

The  more  soluble  selcniferous  salt  is  pfMossium  geleniosulphate,  K^i 
It  is  likewise  formed,  together  with  thiosulphatc,  when  a  snlution  of  jki 
sium  selciii<le  is  mixed  with  sulpliiinms  acid.  It  crystallines  reailily,  v 
from  small  quantities  of  solution,  in  large,  very  tbin,  six-sided  ta 
belonging  to  tin?  rboiulpic  system,  whichdeliqui'sce  in  moist  air,  and  ofBorci 
with  i)artial  Ions  iif  water  ever  oil  of  vitriol.  When  hcatc*d,  they  turn 
brown  and  yielrl  a  polysulpbidc  uf  potassium.  Water  separates  selenium 
from  tliem,  and  the  lillered  solution  yields  by  evafxiration  crystals  which 
again  react  in  the  same  way  with  water,  so  that,  by  repeated  crystalliza- 
tion, the  whole  of  the  Seleniosulphate  may  )w  deLx>iu|Hise<l  ;  the  liquid 
then  contains  selcniotrithiouale.  Acids,  even  sulphurous  acid,  thr*»w  <lown 
the  whole  of  tli»  selenium  from  the  aqueous  solution  ;  liurium  chloride  and 
bnryla-water  preci|iitate  bnriiiiusul]>hite  and  seleiiiiiiu -,  calcium  and  man- 
ganese salts  give  rise  tu  asimilar  «ieccim|iosition.  Willi  anmioniacal  silv 
solution  the  seleniosulphate  furius  a  precipitate  of  silver  seleuide,  togetl 
with  potassium  sulphate  : — 


m,  w 
niiM^I 

mp^^ 


K,SuSO,  +  Ag,0  t=  AgjSe  -f  K^,. 


1 


TU«  sulphites  of  soiliuni,  amiiionluia,  and  magnesinm  react  with  sele- 
nium ill  thu  ^lauiu  manner  as  the  j>utassium  salt,  the  magnesium  salt,  how- 
iiTur,  very  slowly.  Thtt  :iu)cni<Mulphatca  of  sudiluu  aud  ammonium  ~ 
very  unstable. 

Dithlonlo  <'r  Hyposulpbarlc  Acid,  I1^,<>,.'b-TI)Ii)  acid  is  prepa 
by  suspendiug  liuely  divided  manganese  dioxide  in  \rater  firtjtjciully  ouule 


*  Sohutienherter,  Zeltiohrift  far  Chemlr,  1800,  |>.  hH, 
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r,,,-,..init,,.  f<  ■iir.-aiD  of  sulphurous  noid  gas;  the  dioxidu  l>«- 
:;en  converting  llie  sulphurous  into  ditlUonio 
Mji'  -  .1,.     Tlie  UiangauiTH'  ditjuuuntf  thus  {irvpured 

idmj>  nuiutiuti  uf  pure  barium  liydratv,  and  thu  barium  gait, 

m.  '  .    sulphuric  acid  to  pri-cipitat«  the  base.     The  Aulutiun 

lajr  Ik-  c«ncentr»l«l   \ty  evaporation  in  a  vacuum,  until 
y  of  1.34T  ;  on  further  couwutratiou,  it  decumjKiseK  into 
•uyauDc    »u<i    -ulpliurous  ai^idn.     It  has  no  odor,  U  wry  ioixi,  and  forius 
*  "    salts  witb  barvLa,  liuie,  and  lead  oxidu. 


^^fy^^«»l«»  Add,  ll,S,ri,. — A  substance  acridontully  formed  by  LanKlois, 
b  tka  prrt>trati"ii  uf  {xilasnium  thio!<nlphate,  by  gently  beating  with  sul- 
■kar  a  ^  '   ix>ta»«ium  carbonate  saturated  with  Hulphurous  acid. 

It  •  aiM'  ■    by  the  artion  of  Bulphunms  oxide  on  potOKsiuui  Ihiu- 

(■)|tial«.  -)- -^  ^^'i  = -l^r^l"(  ~t~  i'-     '^  snitfi  U-ar  a  great  resetu- 

ti.  '  i>«ulpliuriu  aciil,  but  differ  corujilelely  in  eom|K>gition, 

Um  ai't'i    iis'tr  iA  not   quite  «o  prone  t4.>  ohaiige.     It  is  obtained  by 


the  {x>l4i»yium  «alt  with  hydroHunsiliuic  acid  :    it  may  be  utm- 
oiMl&r  thu  rroeiver  of  the  !iir-|iamp,  but  in  gradually  deoompoHed 
Mm  «al|thar,  aulphurotu  und  nulpkuric  acid. 

Tettatliloiilo  Aoid,  HyS,0,. — This  acid  was  discovered  by  Fordo*  and 
&(•.  \Vh'  u  KMltiie  i»  add«l  to  a  solution  of  barium  thiosulphnte,  a  large 
^^^pit/  of  tJiat  subetanre  is  dissolve<l,  and  a  clear  colorless  solution 
^^^ka^  wliicti,  besides  luirium  iodide,  ooutaius  barium  tetrathioniite  : 
^Huij-^  't^  B^'l~(~  RaS,l\.  By  suitable  means,  the  acid  can  be  elimi- 
^^H.  >a<t  nlitainiM  in  a  state  of  solution.  It  very  closely  resembles 
HBbaie  ackl.  The  same  acid  is  produced  by  the  aotiuu  of  sulphurous 
Mat  atx  cUlorina  disulphido. 

^Hpntatllionlo  Acid,  H^jO,. — ^This  acid  was  discovered  by  Wacken- 
^^K.  <••>•<  r-irmitl  II  by  the  action  of  hyilrogen  sulphide  on  suljiUurous 
^V  .  4- f.H,-^  =  H^,<>,  4- ltll,i>4- S,.    It  is  colorless  ami  imKliiroua, 

^^L  .;t<T  tsste,  nnil  cnpableof  l)eiug  concentrated  to  a  oonsiilerable 

^^■ai  '      "-' -vaporation. 

^^■fcr  ace  of  heat,  it  is  detvmiKHed  into  sulphur,  sulphurous 

^^KwoXy. ,'J»,  and   hydrogen  sulphide.     The  salts  of  pentnthiuniu 

^^B  ara  Dearly  all  soluble.  The  barium  salt  crvstnllizes  from  aU^ohol  in 
^^Hra  prisms.  The  acid  is  also  formi<d  when  lead  ditiiionate  is  decom- 
^^b  \ty  hydrogen  sulphido,  and  when  chlorine  mouusulphide  is  huated 
^^K  aulphutX'US  acid. 

^^^^^^^^^H  Sulphur  with  IJ^roijen, 

^^^^^KB^iftl  BIonOBUlphlde^'Wy>A^n'c  Arid;  ITifdrofulphurie  Acid; 
^^^^^■in/  /yyt/rw/rn,  ll,.*^. — There  are  two  methods  by  which  this  tni)>ort- 
^I^IBlpiMtud  can  ite  r<^adily  jirepured,  n.amely,  by  tlu*  action  of  dilute 
•«l|«hurtc  acid  uptm  iron  mommulphide,  and  by  the  deciini|i(»ition  of  anti- 
L^au^naulphide  with  hydrochloric  aoid.  Thu  first  method  yields  it  most 
^^^^Bbe  xeu^nd  in  the  purest  state. 

^^^^^BDnotiulphide  is  put  into  the  apparatus  for  hydrogen,  already 
^^^^B|iiDes  mentioueil.  together  with  water,  and  oil  of  vitriol  is  added 
^^^^H|tinel,  nntil  a  copious  disengagement  of  gas  takes  place.  This  is 
^^■Rulscted  ovwr  tepid  water.     The  reaction  is  thus  explained : — 

^^k  ITmttu*  MyiltuKen  Ufdrofccn  Ferrous  ^m 

^H  tuliililila-  tulph/ile.  tulphltlv.  aulphstc,  ^B 
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By  the  other  plan,  flnely-powdertMl  sntimony  trisulpLuK-  is  jmt  in 
flask  to  wliiuli  a  cork  anil  bt-nt  tubu  cau  bv  u'laptcij,  aii'l  strung  lit 
liydroc'liloriu  acid  poured  upon  it.  On  tlm  application  of  lii-at,  &  doulj 
interchaugv  dvurs,  liydrogen  sulpliide  and  antimony  triohlorido 
formed.     Thf  action  lasl»  only  while  thu  heat  ia  uiaiutuined. 


SbA        + 
Anllmoiiloua 
•ulplilde. 


6HC1 
H3'<lrvKrn 
ebloride. 


Hyitrogcn 
■ulphlile. 


+         2SbCl, 
AnllmoDioiu 
ehlorlile. 


Hydro(fcn  Kiilpbido  is  a  onlorli'ss  gas,  having  tlif  odor  of  patrid  • 
is  must  olTcnsivi'  whvu  in  «niull  quantity,  when  a  luure  tracij  ia  pra 
thii  air.     It  is   nut   irritant,    but,   on   the  contrary,    powri'iii .-    i,> 
Whvu   get  on  Dr«,  it  burnb  with  a  bluu  llame,  prrHluttin^.' 
wliuu   thu  «upply  of  air   i«  abnndant,  and  depositing   mj 

oxygen  is  deKcicnt.     Mixed  witli  rliloriae,  it  is  insUiully  il i  >  --  <1,  i 

ueporation  of  tlie  whole  of  the  unlphur. 

This  gas  has  a  specilio  gravity  of  1.171  referrird  to  tit,  or  17  referr«d 
hydrogen  aa  unity  ;  a  litre  weighs  1..'>1'.>D1  granm. 

A  pressure  of  17  atmospheres  at  IClO  C.  (.VP  K.)  rixluces  il  t.  " 
form.  Cold  water  dissolves  its  own  volume  ol  hydrogen  sulj))! 
solution  is  used  as  a  test ;  it  is,  however,  sonn'Wlmt  prone  to  di  >:  ..., 
by  the  oxygen  of  the  air,  and  should  therefore  b<.<  kept  in  a  lightly 
bottle.  .'Another  mode  of  t«8ting  with  hydrogen  sulphide  is  to  ket-pl 
mpparatus  for  goneratiug  the  ga-s  always  at  hand.  A  small  Iwttle  or  Da 
to  which  a  bit  of  bunt  tiiiw  is  fitted  by  a  cork,  is 
plied  with  a  little  iron  sulphide  and  water  ;  when  It 
required  for  use,  a  few  drops  of  nil  nf  vitriol  are  addlj 
anil  the  gas  is  at  once  evolviil.  The  experiuielit  e(|| 
plelwl,  the  liquid  is  jxinriHl  from  the  Isiltle,  replaq 
by  a  little  clean  water,  and  the  apparatus  is  agl 
ready  fur  use. 

I'otassium  heated  in  hydrogen  snlphide  barns  ir| 
great  energy,  becoming  convertc<l  into  sulphide, 
pure  hydrogen  remains,  e<iual  in  volume  to  th"  "tigXi 
gas.     T.iking  this  fact  into  ;iic(iuut,  u.  ■ 
density  of  the  gas  with  those  of  hyili 
vuiMir,  il  appears  that  every  vul-  ■  ' 
plijili'  contains  one  volume  of  li 
viiliiiiii-  of  sulphur-vapor,  thewl  ' 
volume,  a  oonstilution   precisely  uiialogous   to  that  of  water-vn|«ir. 
oiirresponils  with  its  couij>osition  by  w.'ighl,  determimid  by  other  nii 
nanixly,  !(!  parts  sulphur  anil  one  part  hydpigen. 

When  a  mixture  of  llMl  measureii  of  hydrogen  sulphide  and  100  nu««a! 
of  pure  oxygen   is  explmled   by  the  eleelrie  spark,  complete   ronibus: 
■'nsiiKS,  ami  1(K)  measures  of  ?ulphnroas  oxirle  gas  sre  pmhIuimhI. 

Hyilrogen  sulpbidi'  is  a  freiimtit  product  of  the  i '■■■'■ '  •■■—'■ 

matti-r,   lioth   auininl    and    re;;elal>k< ;     it  occurs    ui 

springo,  as  at  llarrowijate  and  rUewhere,     When  ■■  ,    . 

the  atiniisphere  of  an  ajiartment.  It  may  b«  iDltAntaueoiisly  dratrvyml 

a  small  quantity  of  chlorine  gas. 

There  are  few  re-agents  of  greater  valiio  tn  the  ; 
this  substanci' :  when  brought  in  cuntai't  with  niun 
given  rise  lo  precipltnles,  which  are  often 

pearnniv,  ami  il  frequenlly  alTonl*  the  li 

cnrh  othiT  vru\-  ■>■■■■-■■■•■-•   ..-■.■■■-'. 

aye  insi>lulili>  • 


iJ, 
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Mag  ]ir>>4acMl  »t  th«  (uiiw  Ume.     All  the  in«tKls  ar«,  in  fact,  precipiUhtl, 
vWm  ralphMrs  ni'  '    '  '.   in  vrntiT  aiul  in  diltitf  ai  iiU. 

Ar»*mio  «ful  aiatii  "Hit  tlnw  tr<':tl<'il  )civ<>  liri^-lit  yi<ll<iir  proripi- 

■  "■••  .M...i,,i,i „ ,;,,„."-,, I., I. „Ip:  tin- 

-  in  the 

ilphifli*. 

^  ^ivr  All  urun^t^-rt^i  pr>H:ipiiuU4  ««ilulile  iu  aiimiontum 

I'-xH.  bi!;nintli,iner(.-ury,iin'l  cilvvr  salts  give  dark-bmwn 

-oliilili'  in  lunmoniamitulphiilu  ;  guld  and  platinum 

.ojliilile  in  ainitioniiim  !iiil]ihiilt<. 

-.-~..s  llio  pr<)|«<frtii«  of  au  acid:  its  solution  in 


bLi 


t      .  „_  ,_    ,  ;    ..  .  jiL-rui:!' ui' this  oofuiKmnd  is  paper  wetted  witti  stilu- 

■Hao  uC  load  >ocitab).     Thia  lutU  is  blackened  bjr  the  amollust  trace  of  the  gas. 

'  ''  'hide. — This  ri^ry  nnstahlu  aubstauoo  is  prepared 

-i:ikc«l  lirar  and  flowers  of  sulphur  ttr>3  boilwi  with  5 

(itr  half  an  hour,  wInTrby  a  dfi-p  orange-colonel  solu- 

;,      iitHiiiing  among  other  things,  eahiuiu  diaiilphide.    Tliis 

',   slowl/  Bihleal  to  an  excess  of  dilute  sulphuric  acid,  with 

!ion.     A  vhlt«  precipitate  of  separated  sulphur  and  ealeium 

uinkiis  its  app<'nrnnix),  together  witli  a  iiuantit/  of  yeUotr 

inttT,  whieh  uoUuetN  at  the  bottom  of  Iho  vessel:    this  is 

olphide. 

mil  is  generall/  regarded  as  •  disulphide  of  hydrogen,  n,S,, 

i:   .  .  .      |,yj  jij.  jjr^.,,[  instability  prevents  the  determina- 

V  direct  annlysis.     lloriunnii,  however,  by  treating 

.    .'ilutioO  witli  aiiimoniuni  sulphide  containing  free 

d  ati  orange-red  crystalline  oomiiound,C„ll„N,Oj. 1 1^**,, 

I  '■  Bulphuriu  acid  into  soluble  strychnine  Bul|>lia(e  and 

L»jt41ow  •>kly  Ii4ui<l  resembling  the  pir^ulphide  of  hydrogen  obtained  as 

ktNnrs      H"<ic«  it  uiii;lit  1»  infi'rr'-d  that  this  p<^rsulphide  is  really  a  ses- 

■;  -       '    I  j'l         ■  ii[«we  as  siMin  as  separHletl,*      On 

J  an  alcoholiu  solution  of  strycli- 

■  11 i;.i  lui-.  obtained  a  ciupouiid  eontuining 

l,.S,.     Till-  u  of  hydrogen  persulphide  must  there- 

■  \  a<«  still  i: 

'  'r«ulphi>le  dis»ilvi>8  phosphonis  and  iodine,  forming  a  phos- 

U>  and  hydrogen  iixlido  respectively,  with  evolution  of  xnl- 

inig'U.   With  chlorine  it  forms  liydrocblorioaciil  and  sulphur 

Kroniine   acts   in    a  similar   manner.     Ammonia,  either 

■n,  decomiKwes  it  instantly,  h'aving  sulphur 

"•1  htate.      It  is  remarkable  that  sulphurous 

-...  -o -.;..■   -i \-:-:»  hydrogen  monnsulphidp,  with  separation 

of  aulphur,  haa  stsarcely  aii/  action  ou  Uie  persulphide.f 


inttA  by 
IIm  loom  ' 


Carttriti  and  Sulphnr, 

•b'menls  are  know^,  rii. :  the  diaulphidn  pro- 
II  of  xXi  eloments  at  a  high  temperature,  and 
>  \-  ri-<liictii>n  of  the  disulphide. 


Carbon  DUnlphide,  or  Btsnlphide,  CS,. — To  prepare  this  oompoand 
iif  por\.°clatn  tut*"  lillol  with  puiA-s  of  charcoal  which  have  h«<.<u  re- 


BTlrhte  d«r  ileutiph  Chem.  Ortelliehsn,  1808,  p.  St. 

itWhiir't  Ananlrth  eixxK.  SffT. 
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tttiy  healed  to  redness  in  n  oove«nd  crueiblo.  in  Tixoil  across  a  furlia 
a  sliglitl.v  incliawd  |xwition.  Into  the  lower  (■xtn-mity  a  tul«<raliljr 
tubn  is  securnd  \>y  tli«  aid  of  u  cork  :  this  taU)  bends  downwrtrdf, 
passifH  UKarly  to  the  bottom  of  a  bottle  Blli-d  with  fra|[nu''Uti<  ' 
litlhi  water.  The  jwroalain  tnlw  iM-ing  heati-d  lo  bri);hl  re<in>  - 
of  Eiilphtir  aro  thrown  into  Ihu  opi-n  i-nd,  which  is  iinniwlist'  i 
8top|><Ml  hy  a  cork.  The  siilphur  !u»'lts,  anii  bet^inf*  r<inverl*- 
which  at  that  hich  tompj-rature  ixinibincs  with  the  carUm,  fini;....^  ... 
cetxiingly  rolatilu  conijwund,  which  is  tx)ndcns«<l  by  the  ii-e  and  i»>ll<<cli 
the  Ixittom  of  the  vessel.  This  is  collected  and  re<ljgtilled  at  a  vvry  gea 
heat  in  a  retort  connected  with  a  good  condenser. 

For  preparation  on  the  Inr^e  scale,  a  tubulated  earthen  r<>tort  U  fid 
with  ohareoal,  and  the  sulphur  is  dropped  in  through  a  {xinvluin  19 
passing  through  the  tubulus  and  reachiuK  nearly  to  the  liottiiMi  .  or 
chariMial  is  contained  in  a  large  iron  cylinder,  and  the  sulphur  iutrodui 
throMfxh  a  pi|H"  litti-d  into  tlie  lower  part. 

Carbon  disulphide  is  a  transp.arent,  colorliws  lii|nid  nf  i-n.-it  n-fra 
and  dispersive  power.     Its  density  is  1.'272,  that  of  its 
boils  at  4'.'P  C.  (lUO  F.),  and  emits  Tap«jr  of  conaiil.i  iieily| 

cuinuion  tempt^raturm.     In  its  onlin.-irv  state,  it  has  a  verv  repalairoiali 
due  jH'rliaps  to  the  presence  of  small  quantities  of  other  volatile  snlplig 
compounds  :    but  when  these  are  removed   by  aptating  the  liquid  trlj 
mercury  till  it  ceasi-s  to  blacken  the  bripht  surfaiai  of  the  metal,  it  is  *a 
to  have  a  pure  ethereal  o<lor.     When  set  on  lire  In  the  air,  it  bumH  wit 
blue  llame,  forming  carlxm  dioxide  and  sulphur  dioxide  :  and   when 
vaiHjr  is  mixeil  with  oxy^jen,  it  l^-comiti  explosive.     I'arUm  ilUnlolilJ 
when  lieattMl  with  water  in  a  sealol  tulie  to  alKiut  ISIIO  C.  ' 
converted  into  carbon  dioxide  and  hydrogen  sulphiile.     In  ■ 
nascent  hydrof;en  (when  healed  with  <ine  and  dilute  sulphnti 
converted  into    a  white   crystalline   sulwtauue,   havin);    the 
Cllj.S,  rrystallijing  in  square  prisms,  inmilulile  in  water,  r\'     ' 
but  soluble  in  cnrlxin  disulphide,  subliniing  at  I.'hO  C.  ( 
comiKwiii);  at  2(KI0  C.  (:«123  1'.).      farlwn  difniiihide  ft..  ,,  .....:.. 
phur,  and   by  S]K>ntanc<ms  evajioration  <le|s»ils   the  latter  In 
rryslals  ;  it  also  dissolves  phosphorus,  iiHiine,  cauiphor,  and  caon 
and  mixes  easily  with  oils.     It  is  extensively  u»«l  in  the  vnlcanil 
caoutvhoue,  and  in  the  manufacture  of  gntta  percha ;  also  for  ext 
bitumen  from  mineral  »ul>stanei«,  and  oil  from  seeds. 

Carlion  disulphide  unites  with  inelalliu  sniphidrs,  forminK  salts 
■  tilpliocarbonates,    which  httve  the  composition  of  corbnuAtM  wl 
tlie  oxygen  replaiwd  by  sulphur. 

Calcinni  carU>nnt«,  CaPO,    s    CaO.CO, 

Calcium  sulphuearliouate,  ^a('^^    ^    ('a^>.C^^, 

Hydrogen  sulphocarbonate,  'fi'-S    ^     Il,S.l'S, 

B.V  treating  the  ammoninm  salt  with  dilute  sniphnrte  or  hydrorhlorio  i 
an  oily  acid  liijuid  is  precipitated,  oonsistLng  uf  hydrogen  sulpkouarfa 
or  sulphucarlionic  acid. 

Carbon   Monoaulphlde,  CS,   rmwntlr  diMooVBn^l   hr  didot,*  la 
tn.i     '  ■  ,,,..,,..  •         .       ,.     . 

t4> 

K- 

Ull  .    :   -.     ■     . 


*  OooiptM  BaoAoa,  Ixx&V.  U. 
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Mit  l»tX"  I'T  sni.H,  sn.l  1isvln(j  a  iipiirinc  gnviiy  of  1.86.     It  h  insolnlile 

'•il,  nnd  Ix^niine,,  stiglitly  itnlnblK  Kt  thi- lioil- 
'  aud  in  ether.  It  ili»ixilvc8  also  in  L-nimtlo 
<  id  :  tli<<  »triirigc«l  iiitrii:  nii<l  i^nitf«  it.  At 
rp«ii|v(id  ititii  ilM  el«fiui<iilK,  n  Ismail  ijuBntily 

■»  sEir  ■.  .irtl  at  till"  KatiiH  time. 

Aoonr  !  '  carlN'ii  mmicMiilpliiili'  ix  al>ui  rnrni(<d  by  tbe  pro- 

tooKwl  a.  re  uii  the  liiaulpbidv  ill  sealitl  tuliv8. 

Carbon  Ozyralphide,  (X)8. — This  compound,  discovered  by  Th«i),  is 
yr-  lirr^'t  luiiiliinntioii  when   vartion  iiionoxide  mixed  with  snl- 

•  [•;ut«.'»i  lliii>iii.'li  anit-liot  pori>'lain  IiiIm*.     Ah  lliuf  pri'pared 
\ide;    hut  on   pnssinj;  llie  gns  tlirnuch 
1  alone  ahsorlied,  nnd  may  Vie  liberated 
""■••n  with  hydroehlnrie  aoid. 

by  gently  heating  the  di!<iil|>hido 

.     ur   tri.ixide;    CS, -(-.'*(»,  =  I  W t + 

S;  and  by  de«>mjKiein;{  pntnKsium  aulphocyanate  with  moderately 

Itv-aciiia  :  anlphocyanic  mid   HCNS   is  then   liU-rated  and  decompnted 

the  water  pretieut  iu  the  manner  rvprescntod  by  the  eqaatiou — 

nCSN  +   lifi  =  NH,  +  CSO. 

rart>n)  osrtrnlphide  Is  a  gas  of  sp.  gr.  2.1046.  and  may  easily  be  potired 
'  another.     It  has   an   aromatic  odor   like  that  »r  siome 

■  1  that  of  hydrogen  Hiilpliide,  nn<l  a  feebler  aeid  reaction 
...Alio.     At  a  low  r«I  heal  it  is  p.irtly  resolvi'd  into  carbon 

.1  sulphiir-vn|H>r  :  by  a  tine  platinum  wire  ignited  by  th« 
tit.  it  i»  slowly  but  completely  decompoMi'd,  yicMilig  all  ei|Uul 
rlpon  monoxide.  It  hnrns  in  the  air  with  a  faint  blue  flnme, 
.rh<>n  dioxide  and  sulphur  dioxide;  with  1|  vol.  oxygen,  it 
mixture,  burning  with  a  shining  blui!<h-«hite  flame.  It 
by  chlorine  or  fnmiug  nitric  acid  at  ordinary  tcmpera- 
'      II  an  explosive  mixture  with  nitrogen  dioxide. 

ila  own  volume  of  carlion  oxysulphide,  acijuiring 

1^  ■,  ,.,i,,,.,.[]t  taste,  and  dec^miposing  it  after  some 

'!3uf,     ]  sulphur  springs  and  in  the  sulphurous 

»t«  of  n  «li.sorl>B  the  g.id  ni<  completely  as  carlnm 

id/!,  though  le«ii  quickly  ;  ib»  solution  exhibits  the  reaction  of  metallic 

Ibbidi^,  and  when  treateil  with   acids  gives  off  hydrogen  sulphide  and 

Wbon  ilioxide.     Baryta  water,  and    lime-water  act  in  a  similar  m.tnner. 
Srutral  or  B<'id  wilutjons  of  le.id,  copp<T,   cadmium,  and  silver  salts  are 
r   •  ipitated  by  the  ga.«,  but  when  mixed  with  excess  of  ammonia  they 
.  ah  it  characteristic  precipit.ites  of  metallic  snlphides.f 

Sulphur  and  Chlorinf. 
■    '   ■  of  sutphnr  are  known,  represented  by  the  fonnnlfe, 

'■'i- 

■  .  .^I'l  or  S.n,.  which  may  also  be  regarded  as  a  disiil- 
atialngous  in  iy>m]M)sition  to  hydrogen  dioxide,  is  pre- 

,'    dry  rhiorine-gas    into    a    retort    in   which    sulphur   is 

ImM  at  a  gentle  heal.     It  then  distils  over,  and  may  be  collect.-d  in 

sornmnded  by  cobl  water,  and  freed  from  excess  of  sulphur  by 

\  «>*•  runber,  Wnii.'.  liiciu.ciary  of  CticmHtry.  First  Surplcmenl, p.  4M;  Secood 
■!,  p.  SV- 
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rnTli&eAliuii.     It  iii  also  pmiiuwNl  by  dutilling  a  miztnro  of  1  part  solg 
M'illi  II  ptirU  Btauiiir  cliloriilo,  or  b.a  iiiLrtB  nuTCuric  vhloridi*. 

liUulpliido   of  cliluriiir   is   a   tuubik-   rvililish-^clluw   liqaid,  hsvl 
pxculiar,  penetrating,  dinugreirable  utinr,  nud  fuming  strongly  in  tlin  i 
Spwifio  gravity  =  1.637.      U  IjoUh  at  13tf-'  C.  (::7t).hO  F.)-     It  JiwoJ^ 
in  uarlion  disulphide,  alc^'liol,  and  ether,  not  hownver  v.  ■'  |k 

liou  in  the  two  Utter.     It  iliKHulvex  itiilpliur  in  largo  •]>; 
wliuli  heatwl.     When  saturated  with  sulphur  at  ordu......   .. 

it  forma  a  clear  yellow  liquid  of  speiilic  gravity  1,7,  and  conlnii] 
gutltor  66.7  per  mnt.  sulphur.     The  »<nluliun  of  chlorine  diaulph 
exroHS  of  sulphur  in  crude  benzol,  is  ude<l  lor  vuleuiii/.ing  or  sulphur 
caoutchouc.     It  i.s  instantly  d<M.M>ui|N«ed   by  water,  with  forin.-ttion  of  | 
droehloric  and  thiusulpburio  aeids,  and  separation  of  sulphur,  the 
sulphuric  acid  in  itK  turn  di<conip<ising  into  sul)diur  and  sulphurous  i 
2;l,ri.  -f-  3H,0  =  4H(.I  +  S,  4-  "A*^*!  («r  II,.S<),  +  (^). 

The  tiirlilnriilr,  SCL,.  is   produiM-vl    l>y  pnnsing  chlorine  to  saturation 
the  preceding  compound  cuoIe<i  by  a  mixture  of  im  and  salt,  and  expel 
the  ex<>e88  of  chlorine  by  a  stream  of  uarlmn  dioxi>le.     The  pru<lurt 
deep  rod  liquid   boiling  at   l(i-Jo  c.  (327. "J^  K.),  and  containing  'MK!>i 
cent,  of  sulphur,  ii'.K5  of  chlorine,  agreeing  nearly  with  the  formula  I 
which  requires  31. 07  per  ctait.  sulphur  and  (iJ?.'J3  chlorine. 

The  lelrarJitnriilr,  8CI,,    is    prepare<l    by   saturating  chlorine  disnipti 
with  cliloriuo  at  — 20O  c.   ( — !■-•  K.).     The   pro<Juel  contains   HI. 51* 
cent,  clil.irino  and  1S.41  sulpliur,  the  numbers  calculated  fmm  the  for 
8f'l,  iM'ing  Sl.tJl  and   lb.3!l.     Sulphur  letriivhlori<le  is  luliil  upon  bv  I 
pharic  "xide,  proilucing  sulphurous  chloride  tuguther  with  ulilurlnu 
sutpharoua  oxide  :  tlius — 

sfi,  4-  Si\  s  8oa,  +  n,  4-  SO, .» 

Oxychlorides, — 1.   Siilp/iuriHiK  CkUirUh,  WK'I,, — Tbia  coo noi 

oilbxl   i'hlnriil"  »/■  Tliinn^l,  is  derived  from  sulphurous  acid 
HO.Ui),  by  the  siilwtitu'tion  of  ^iCl  for2IH».     It  is   formed   I 
of  water,  alcohols,  acids,  etc.,  on   the  Hulphides  of  cbbirino  ;   but  i» 
naaily  prepareil  by  the  aelinn  of  ]diiMpliorun  )ienlaehloride  on  unlphuil 
oxide,  or  by  that  of  phosphorus  oxychlnrido  ou  t  ilpbitv  of  calcium  : — j 

SO,  4-  pri,  =  PO(T,  4-  SOCI, . 
3CaSO,  4-  2P0C1,  «  CajPjO,  4-  3SO<'l, . 

It  is  separ.tted  by  distillation  from  the  fixed  calcium  phmphate  prcxli) 
simultaneously    in    the    seinmil,    and    by   fr.ictlonal    distillation   fmm 
phosphorus  oxychlorido  priiiiuce<t  in  the  llml  reaction. 

Sulphurous  chloride  is  a  wilorbss,  strongly  refracting  liquid, 
boils  at  M20  c,  (179.6^  V.).  It  is  decomiMnuHl  by  wabT,  yielding  hy4| 
chloric  and  sulphurous  acids:  an'l  by  alwhols,  with  formation  of  alcnh 
chlorides  and  sulphunuis  acid,  thus  : — 


BOfn,    +     2H,0 

SOCI,    4-     SfOH  )l|n 
Elh}-1  aloottol. 


=   2nn  4-   n,80i 
=   2c,n.n   4-   HtSOi. 

Kth  J I  olilorlde. 


fiul}J,urir  rhloriiie,  or  >  '-TiWr,  80,C1,  (also  called  HJer 

acii/),  la  formnd  by  pn.l-  •«.ure  of  a  mixture  of  chlorine  u^ 

phurous  oxide  ga«(»  l<i  i.lnmg  Auushino;  also,  together  witli  phoKpr 

•  Reapvcttnit  othrr  rpwtton*  of  ttie  ehlnrtd**  of  anlphnr,  and  nyimrlnUr  *4 
ttrrnmpofirloo  by  hoat,  •»•  Walls't  Ulellunsrr  of  C'liimlatrv,  .srooiol  .Hueulaa  ' 


SULfUUB. 


206 


■sycUciriile,   hy  tke  a<H<oa   of  pb(«{ihoru«   p«nUcbluriiIe  on   lulpborio 
■side  : — 

60,  +  PCI,  =  r-oci,  +  80,C1,  i 

-  t>«st  prepared  by  dif^tilling  ulrtiiiff  enlpburic  aciil  witb  Ihe  p<<nta- 
',■  ,  itr  lead  kulphato  witb  Uio  ox/>JiIoriile  uf  pbu«|iburu6  : — 

H,>".      +     2PClj      E3    SO,n,      +     2It>0,    +     2UC1 

ai'bso^  -f   ii'oci,  >o   3So,ci,   +    Pi.;,i'/>. 

?Ti1plinrio  rbloriile  Is  n  ccilorlr>s8  fuming  liquid,  of  spcciflc  gravity  l.flO. 
U  t«iil»  at  7T^C  (ITO.UOF.),  mut  luny  Ik)  distilled  unclmiii^iil  ovt<r  caustic 
lime  or  Iwirrta.  Wliun  puurf-d  into  water,  it  sink*  in  tln<  forni  of  oily 
4rofB,  whi'-h  Kr»dnally  dii>a]iiH,>jir,  beiug  converted  into  bydrocbloric  and 
mlptiuric  a<-ide  : — 

BO.ci,  +  2ii,n  =  2nci  4-  n,so, . 

Wmt  aleohol  il  beliaves  in  a  rimilar  manner,  thns  ; — 

SO.CI,  +  2(C,H5)HO  =  aC.HsCl  +  lI,SO,. 

tha  kcinal  reaction,  bowcver,   tbo  Eulpbnric  aciil  is  converted  into 
etIiyUulptiurie  acid  by  tbe  intervention  of  another  atom  of  alcohol : — 

H,s<^,  +  (C',H5)Hn  =  iijD  4-  (rjnj)nso,. 

Snlphurie  Hydrozychloride  it  Chlorhydrate,  Haso,  or  SO,.no. 

•  i  t'fUi/rhytirvinil/thuruus  Acict). — This  eouipoojid,  disaivered  by 

ii<  intermediate  iu  composition  between  sulphuric  acid  and 

loride,  is  derived  from  mulphnrio  acid,  SO,H,  or  SO,.H0.nO, 

'  itution  of  ICl  for  IHO.     It  ia  the  first  prmjuet  of  the  action  of 

kucpuurtij!!  pentnchlorido  on  strong  sulphuric   acid  ; — 

80,.Ho.uo  +  P'lj  =  I'oci,  4-  iin  +  sOj.Ho.n. 

A*  thus  proparwi  it  is  inixiMl  with  sulphuric  chloride ;  but  it  may  ho  ob- 
liinfl  pure  by  treating  sulphuric  acid  with  phosphorus  oxyehloride, 
bydrtH-hloric  acid  and  luetaphwpborio  acid  being  produced  at  the  same 
tuae  : — 

2(80,.HO,HO)  +  POn,  =  2(SO,.nO,CT)  +  HCT  +  IIPO,. 
Il  it  *lao  formed  bjr  the  action  of  water  on  sulphuric  chloridu : 
SO.Cl,  +  U,0  =  HCl  +  HCISO,. 

ffalpbnrifl  bydroxyohloride  il  a  colorless  liquid,  which  boils  at  about 

■  j,5  p  j^  being  at  the  same  time  partially  n-solveii  into  sulphuric 

phuric  chloride  :   2IICIS(i,  =  II.W>,  +  Cl,rit>,.     When  poured 

■  -'iks  to  the  Uittotu  and  gradually  dixsolves,  with  forntution 

Ir  II. 1  sulphuric  acids.     It  has  decidB<l  arid  propertii^s,  and 

Si.  -  in  wliicjb  its  I'vdropen  is  replaced  by  metals.     Thus  it 

lilnride  at  a  gentle  heat,  with  uvolulion  of  hydroohlurio 

..u  of  tbe  salt  NaClSt),. 

f^nuvlpkiric  CUuriilt,  S,OjCl,  or  (8O,n)j0.— This  oompoiind  is  formed 
h  IvMlingf  togftbvr  phocphorus  ]wnlachloride  and  sulphuric  oxide  : — 


18 


PClj  +  280,  =  BjOiCl,  +  POCl,, 
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•nd  by  the  action  of  phosplioms  pt^ntachloride  on  snipliuric  liydrozrchll 
ridu : — 

rcij  +  2so,aoH  =  (so,CT),o  +  poci,  +  2ua. 

It  la  a  oolorloss  oily  liquid  of  sp.  gr.  1.819  at  18°  C.  (64.4°  P.),  toiliiiK  at 
14G0  C.   (2S(4.S^  v.).     In  contact   with  wntwr  it  dpcompusi-*  Blowlv 
iioisL-livsly,  and  in   thus  di8tin);iii»hiMl  frtim  sulphuric  hydrvxychlorid 
wliirh  is  r.ipiilly  dorompmiHl,  with  almost  oxplosive  violenrc,  whrn  throK 
into  wntrr.     When  heAtcd  alwro  its  t>nHing  jmint,  it  is  reaolvnl  into  ch~ 
rine,  sulphurous  oxido,,and  sulphuric  uxido  : — 

8,0,01,  =  SO,  +  SO,  +  CI,. 

When   Bahmitt<<d   to  tho   artinn  of    phosphoms   pcnt.irhloridc,  it  yifft 
chloriuu,  sulj)liurou.s  oxide,  and  phoophuriut  oxychloridv  :— 

S,0,C1,  +  PCI,  =  POCi,  +  2S0,  +  2C1,. 

Carbon  Snlphochloride,  CSdj. — This  romponnd,  the  snlphnr-ail 
logue  of  cnrlKjnyl  rliluriiU- or  pliosgono  (p.  104),  is  pr<«lncetl,  toj^i-tlu-r  wi(j 
chlorine  luonosulpliidf,  by  thu  a<;tiun  of  dry  chlorinv  on  rarhnndisul|>hiili 
CS,-)-Cl,  =  SCI,4-  t-'SCl,,  or  by  passing  a  mix  turn  of  hydnignn  Kiilpliido  an 
vnporof  i-arbon  t^-trndilorido  throORh  a  rwl-hot  tiilw:  C<'1,+  ll,H=2M('l- 
t!5Cl,.     It  is  a  vi-llnw  liijuid  h.iving  a  TiTy  irrilntinc  odor,  mu  art"!  uf 
liy  wnl<-r  or  arids,  but  dcitmiiMisitd  by  potash,  yivldiug  putoasium  sulpL 
potaasium  carbonaln,  and  carbon  tetrachloriilu  : — 

2CfCl,  4-  3K,0  =  2K,9  +  IC,C0,  4.  CO,. 

Solphnr  and  Bromine. — Bromini)  dissolv«s  siilphnr,  forming  a  hroim 
ritl  lli|uid  prolKibly  i^intaining  a  snlphnr  bromidu  analngoua  to  anlphar 
tnonoolilnridi' ;   but  it  has  nut  Ix-vu  obtaini^l  puru. 

Sulphur  and  Iodine. — Theae  elements  combine  whim  heated  tof^etlii 

even  uiiilcr  water.  Th«  resulting  coui|>uund,  .S,l,,  »inl.ilniii|f  32|iaru^ 
sulphur  and  127  part*  of  lodini<.  Is  a  black Uli-pr.'iy  riidio-c  rvslallinn  ina 
n-scmldiiig  native  antimony  sulphide.  It  ili'riiniiiiwt'S  at  liigbrr  tHnip«i 
lun!«,  giving  off  ii»lini<  on  exjxisure  to  the  oir,  ami  ii  iiisolublt'  in  wat4 
Ity  beating  2.'i4  parts  of  i(Hlin<<  with  ;12  piirts  of  sulphur,  a  L<nm[Minnd  ', 
ol>tai»i'<l  which  smells  lik«  iodim*,  and  is  said  to  ^n'  a  powerful  rimixily  | 
skin  diseases.  A  cinnabar-rml  sulphur  iixlide  in  nbtniuc-d,  ai^tinliug  I 
Urosourdi,  by  procipitating  iodine  tricUluridu  with  bydrogwu  aulphido. 


8ei.i:nium. 

Aloinlo  Wright,  70  t.    Symbol,  Scl 


I  iiibling  sulphnr  in  Us  (ihimiii 
''  ruent  in  »<>in<'  few  Imalllli 
i<i,  a>  In   (he  b'lwl  ■elnnlllllJ 


This  is  a  very  rare  snlwlaner,  mui-li  r.- 
relations,  and  found  in  as«o<'iation  \t 
or  replacing  It  in  e«.M(iiii  metallle  ■ 
ClauNthal  in  il      "' 
hydrochloric   > 

r<-»ldue  Is  igiiii.ii   I'l    >•■.,,.    mmi'    >.  hm   ... 
mJxturi  uf  puUuulum  uarbonatu  and  uharoual).     The  Mlonium  la  the 
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OMIft^r*!  Into  potansiniD  w-liiiide.  wliich  hy  treatment  with  boiling  watur 
is  nrav  (row  tlip  oxiiliA  furm«<l  at  llii<  suiiik  time.     This  stiliition 

•  I.  1  to  thu  air  absorlic  uxytien,  uuil  yields  llin  st.'l>'iiiuiii  n<t  a  gray 
diiir'-Ml.  » liiili  may  W  jmriliml  by  wnifliing,  dryiiiR,  and  distiilntiuii.* 

S-druium  ii  a  reddisli-brown  dcdid  bcly.  somewhat  translucent,  and 
liaviug  an  iiupi-rfifot  m>'tallic  lustre.  iLo  s|>m:illc  gravity,  when  rapidly 
Ci'oIikI  ftfti-r  fusiiin,  is  4.3.  At  ItKC^f.  (21:iO  K.),  or  a  little  above,  it  uitdts, 
4ari  l»ils.      It  i»  lusuIubUi  in  water,  and  <'}(h,tli-!i,  when  heated  in  the  air, 

•  pn'iiliar  and  diangreenble  odor,  which  has  licen  compared  to  that  of  de- 
caying; Iwrse. radish  :  it  ia  insoluble  in  alcohol,  but  dLssolTes  slightly  in 
carlKin  t>i»ulphidc,  fruui  which  golutioo  it  crystallizes. 

Ozldea  of  Selenlam. — Two  oxides  of  selenium  arc  known.  The  one 
oonlajiiiii;:  111'-  AiiialleHi  jiroportiun  of  mygen  is  formed  by  thu  imjierfciit  com- 


be 


'euiom  iu  air  or  oxygen  ga£.    It  is  a  I'olorless  g.-M  which  in  the 
peculiar  horse-radish  odor  above  uientioucd.    Its  composition 


r  oxide,   SeO,,  called   selenions   oxide,  is  prodnced   by 
Ilium  in  a  stream  of  oxy^'en  gas ;  it  contains  79.4  i>arts,  by 

WcifiLt,  ot  selenium,  and  32  of  oxygen.    It  is  a  white  solid  substance  which 

kbsurbA  water  rapidly,  (oruiiug  a  hydroxide,  viz. — 

SelCDlum.   Oxfgt^n.    Hydrogeo.  Sclealoua  oxide.  Water. 
Selenloas  «,id   or        1      -    ^     +     4g     .+.       2  or  111.4    +     1« 

Hy.lfogen  selenite,  ) 

Tlii.i»  aciil,  H^SeOj  or  H,O.SeOj,  analogoas  In  composition  and  propertlefl 
toiulphnmus  acid,  is  likewise  produced  by  dissolving  sideuium  iu  nitric 
or  uilmmuriatio  acid.  It  is  depositeii  from  it.<i  hot  aqueous  solution  by 
t|.  '  in  prigm,itiu  crystals  like  those  of  salt)*etrK  ;   but  when  the 

»<  :i[Kirated  to  dryness,  the  seleuious  acid  Is  n-snlved  into  waltx 

II  -  oxide,  which  sublinusi  at  a  higher  temperature. 

luid  is  a  very  powerful  acid,  approximating  to  sulphuric  acid 
(ii  of  its  reactions.     It  nxldeus  litmus,  deeouiposi-s  i^rUmatea 

wr  cnce,  aud  decomposes  nitrates  and  chlorides  with  oiil  of  heat. 

It-  [.recipilates  lead  and  silver  salts,  and  is  decomposed  by  hydro- 

|«u  sulphide,  yielding  a  precipitate  of  selenium  sulphide  :— 

HjSeO,  +  2H,S  =  3H,0  +  SeS,. 

Tlio  metallic  selimites  resemble  the  sulphites.    When  heated  with  sodium 

aarbonatn  in  the  inner  blow-pipe  dame,  they  emit  the  charHcteristiu  o<lor 

of  selenium.     They  are  not  deoomposetl  by  lioiling  with  hydrochloric  anid. 

Selenio    acid,   U^SeO,,   ia   a  more   highly  oxidized  acirl  of  selenium, 

IS  to  sulphuric  acid,  and  containing  79.4  parts,   by  weight,  of 

:i.  <i4'>f  iixygen.  and  2  of  hydrogen.     The  corresponding  anhydroua 

1.    S<-lenic  aoid  is  prepare<l  by  fusing  potassium  or  siKlium 

iom,  precipitating  the  selenate  so  produced  with  a  le.vl 

^ing  the  compound  with  hydrogen  sulphide.     The 

ill  c)f  vitriol  ;    but  when  very  much  concenlraltfd, 

-  ,        .,    ..  ...     ■"••i'''ii"Ti  nf  heal,  intoseleniouB  acid  aud  oxygen. 

The  s<.<lenaleM   liear  th"  tlogy  to  the  snlphates  in  almost  every 

particular.     Thoy  are  di  i  by  iMiling  with  hydrochloric  acid,  ohlo- 

lUw)  twiitg  (•rolvmt  anil  a  »aU  of  selenious  acid  being  produced 

■^n  Selenide;  Srtmhi/ilric  Ari<i;  Selirniellfd  /7vrfrof/«i,  n,Se.— 
.(»  JH   pi'jducvd  by  tlte  action  of  dilute  sulphuric  acid  uiH>n 


Mrj,  F. 


'i\;  sn<l  for  otiiermelhod*,  tee  OmellQ's  Unndbooli  ot  C^eni- 
■  'II,  rol.  IL  p.  SIS, 
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self.nido  of  potassium  or  iron.   It  very  much  rosemblpi  snlphuretted  1 
gi-ll,  living  n  cnlorlcKs  f;as,  frvcly  Holiihir  iu  water,  anil  ilci'oniixMtug  m»t«l]| 
aoliitidns  lilc(?  tlint  siilMtanm  :  in»<ilulil»?  Ki-li'iiitt-B  ar«  prmiiiCMl.     Tliis  ( 
is  said  to  act  very  )H)wi'rfully  tljHm  llii<  lining  nM-nilTunr"  of  llic  iko<<c.  i 
citing  catArrlinl  symptoms,  and  di^^troring  the  seuiw  of  euull.     It  oouL 
79.4  purtii  Beleuiuiu  and  2  parts  Uydrogun. 


TELLTJRTXJM. 

Atomic  weight,  lis.    iijrmbol,  Te. 


Tate  element  pogsvsses  many  of  the  characters  of  »  metal,  tint  it  1 
BO  clo»(i  a  rwemlilancM  to  soluuiuni,  txith  in  its  iiliyslcal  prop<'rties  and  i 
olifuiical  ri'liilinns,  tliat  it  is  most  approiiriatoly  placinl  in  the  same  grog_ 
witli  that  IxhIv.  Tellurium  is  found  in  a  few  soaroe  minerals,  in  n»»H;ij 
tion  with  golii,  silver,  le.id,  and  l>i»niuth,  apparently  replacing  f<alpliul 
and  is  nii>st  easily  extr.icted  from  the  bismuth  sulpho-telluride  of  Chemnlli 
in  Hungary.  The  finely-i>nwdered  ore  is  roixinl  with  an  i-qaal  weight  i 
dry  stHlium  earlrauatc,  the  mixture  made  into  a  p:istewilh  oil,  and  heata 
to  whiteness  in  a  closely  eovere<l  crucible.  S<Hlium  telluride  and  Hulphk' 
aru  thereby  produced,  and  metallic  bismuth  is  net  free.  The  fase<l 
is  dissiilve<l  in  water,  and  the  solution  freely  eX{i0Hed  to  the  air,  when  i 
sodium  and  sulphur  oxidize  to  scxiium  hydrate  and  thinsulphate,  whll«  I 
tellurium  separates  In  the  metallic  state. 

Tellurium  has  the  color  und  lustre  of  silver  ;  by  fusion  anil  slow  uooUng 
it  may  !>•■  nuule  to  exliibit  the  form  of  rhombohedral  crystals  similar 
those  of  antimony  and  arsenic.     It   is  brittle,  and  a  comparalivrty  14 
conductor  of  heat  and  eleetrioity  :  it  has  a  density  of  tf,2(i,  melu  at  a  litl 
below   a  red-hent,   and  volatilizts   at  a  higher   tem|Hiratiire.     TuUuriu 
burns  when  heatisl  in  the  air,  and  is  oxidized  by  nilriu  acid. 

Tellurium  funiis  two  oxides,  an.nlogous  in  coiii)Misitinn  to  the  oxide* 
■alphur,  and  liVewiso  forming  acids  l>y  combination  with  watvr. 

t'ompoHllInn  hy  wela>)t. 


Formula. 

Uyiliogru. 

Tollutiuni 

(JxrKva 

TelluroQS  oxide, 

T.rf), 

12S 

+ 

32 

acid, 

H,TcO, 

2        + 

V2H 

+ 

4fl 

Tellurio     oxide. 

TeO, 

128 

+ 

48 

acid. 

H.TtO^ 

2        + 

128 

+ 

M 

Tellnrooa  Oxide  may  Jw«  propared  by  heatlnir  tb*"  jwfwIpHatnH  »rM  I 
low  ri-<lnehs.  It  also  »eparat«Hi  in  »«mi-cry»lalline  ).'! 
solution  of  llie  acid  when  gently  heat«<l ;  more  t)r. 
defltied  niinbedrons  frntii  Ibe  oolntion  of  tellurong  mm  m  imni 
is  fusible  and  volatile,  Hli^rlilly  Mohible  in  w.iter,  bnl  HneH  not  ri*ibb*ii  ll 
mils.     When  fused  with  alkaline  hydroxide*  or  carUinatus,  it  fomn  telll 

rii»«. 

Trilurtm*  Arid  l«  Ixxit  obtained  by  dconinpnstnc  tcllnrlnm  tetr;)cliliirl4 

with  w»t«r.     It  may  hIko  I»<   prepared   i 

aold  of  »p.  irr.  \.'2i.  and  pouring  lb«  ool 

JsJVr  tjimnHiy  ot  waU-t.     By  either  proci-;^   ii   i»  oiiimi..!   ,i«  ;» 
bulky  juvcipiuUr,  wiifoh,  wbon  dT)«lo»iit  oil  of  vitriol,  ajiimars  oa  i 


TELLUBIUM. 


2uy 


t  Salts. 

Tbilubiteh. 

>lll|llHlt«. 

H.TeO, 

Hyilmgen  tellurite. 

Nitrate. 

K,T.<), 

Potugsiiim  tellurite. 

Oxalate. 

HKTeO, 

Hydrogen  and  potassium 

ClUoride. 

tellurite. 

H,K(TeO,), 

Trihydropotassio   tellu- 
rite. 

«  •  -  n  hitliT  inetnllic  taste.     It  ia  slightly  solnlile 

in  in  nlkali<«  tiinl  acids,  the  nitric  arid  eolutiun 

ai  liurouH  Quid,  zinc,  phosphorus,  and  other  ro- 

4''  LttlUc  tflluriuni  from  the  aridilied  solutioti  of 

Ir  I                       nf  acid,  it  in  decomposed  hy  hydrogen  gnl- 

p!  k^iiiiie  hy.l                     -",  with  formation  of  a  dark  hn)«rn  telln- 

ri  .  If,  which  li.                   i.iily  io  excess  of  aliukliuv  hydrosulphide, 

tii  t./Uunl.'. 

^  a  hydroxide  in  which  the  acid  and  basic  tendencioa  aro 

"  lu  other  words,  the  tellurium  of  the  comiKiund  can  re- 

:  '  .       '  ij  of  an  acid  to  form  tellurouH  salts,  and  the  hydrogen  of 

1.     "''I  II  be  replaced  by  the    basylou»   metals,  to  form  metallic 

l«Uurit<a. 


T. 
T.i 


T  >  i tea  of  potassium,  sodium,  barium,  stmntium,  and  calcium, 

I  ^  fusing  lellurons  oxide  or  acid,  with  the  carbonates  of  the 

I-  in  the  ritiuirixl  proportions.     These  tellurites  are  all  more 

!.,•  in  wntcr.     The  tellurites  of  the  other  metals,  which  are 

a.-  i,..-.-  ,  ..if  obtaine<l  by  precipitatioQ. 

Telltirlo  Oxide  and  Acid. — Equal  parts  of  tellurous  oxide  and  sodinin 
leare  fused,  and  the  product  is  dissolved  in  water  :  a  littlesodinm 
is  added,  and  a  stn-ani  of  chlorine  passed  through  the  solution. 
iid  iii  next  satur.tted  with  niiinionia,  and  mixed  with  solution  of 
Fchloride,  by  which  n  whit>'  insoluble  precipitate  of  barium  tellurate 
1  down.  This  is  washed  niid  digt'Ste<l  with  a  quarter  its  weight 
huric  acid,  and  diluted  with  water.  The  Altered  solution  gives, 
oration  in  the  air,  large  crystals  of  telluric  acid,  which  bare  the 
Bposltlon,  H,ToO,.2H,0. 

OyHLalliti'^l  telluric  acid  is  freely,  althongh  slowly,  soluble  in  water :  it 
has  a  mrtallic  taste,  and  reddens  lilnius-paper.  The  crystals  give  off 
their  water  of  crystallization  at  lOflO,  and  the  remaining  acid,  H,TeO,,  when 
»'.  lied,  gives  off  more   water,   and  yields  the  anhydrous  oxide, 

1  is  then  insoluble   in   water,  and  even  in   a  boiling   alkaline 

'  '!■•■  temperature  of  ignitidn,  telluric  oxido  loeta  oxygen,  and 

HIS  oxide. 

if  the  alkali-metals  are  soluble  in  water,  and  are  prepared 
rdiiranlring  the  reqnirivl  quantities  of  telluric  acid  and  an  alkaline  car- 
aafe  in  hot  wat«r.     The  other  tellurates  are  insoluble,  and  are  obtained 
lion. 

*ition  of  the  alkaline  tellurates  is  exhibited  by  the  following 
bn/iiiiip  :  — 

Neutral  or  ni,«lassie      j  ^.  .^^^^  or  K^O.TeO, 

'"'■P"'"*'"  iHKTeO,  or  H,O.K,0.2TeO, 

.'ellnrMe'^.'"'  }  "KTc'O..H,TeO.  or  3H.O.K,0.4TeO. 
j  S,TeO^.3Te0,     or  K,0.4TeO, 


4 


4 

I 

4 


Anhydnius  Qnadrit^l- 
JumA- 


18* 


210 


BOBON. 


TeUarinin  Sulphidem. — Tellurium  forma  two  sulpkidee,   TuS, 
TeS„  aiialo);i.ius  ia  L<>un)iit.iliiiii  t<j  IliLMixuli'e  ;  they  are  fornji.-d  by  lb«  »oti4 
of  hyJiiitJon  »iilpliic|f  oil  sulutmuo  of  lelUrous   and  tWlariu  and  rrep^ 
tivolv.     Tliey  aro  bnurn  or  black  sulwtauci-s,  wbith  unite  with  iu«tall 
Eiilpiiidi-ii,  forming  suits  cttll«d  sulpboluUuritiai  and  »ali>bi>iellurate«. 

Hydrogen  ToUnride,  H,Te.—  Ttllurhylric  Add,  UyhvteUuric  Acid, 
Tellurrtti^  Hydraytn.—  Vhii  compound  i»  li  gus,  resembling  Bulpburi.th. 
uiid  8fU*iiiflle.l   bvdrogen.      It  in  prepared   by  the  aitiou  of  bydriK^^lilur 
mid  oil  line  ti-lliirlde.      It  dissolves  lu   wuli-r,  forming  u  oolorliiiis   li-iuiL.^ 
Hliirh  pri-cipilttt<-«  most  meUU  from  tUcU nolulioua,  and depobita  teUiuiiUtt 
on  ex(«>sur"  to  tbo  air. 

Tellurlam  ClUoridea. — ^Tellurium  forms  a  diokloride,  TeCl^  and  a 
t<aracblorhic,  IVCI,,  Imtii  volalilo  and  dwoniponiblf  by  excesK  of  water, 
tbe  latUir  b.fiii({  wmipb-tely  resolved  into  tclliiroua  and  hydrochloric  a<;»d«  : 
TeCI,  4-  311,0  =  4UC1  -f  H,TeO,.  [   l 

The  tetrarbloride  iiniu«  with  tbu  chlorides  of  the  atkali-mctals,  to  foi^H 
cryetallixnblH  doublw  salts.  ■^ 

Tlie  Imimiitiji  and  iodide*  of  tellurium  correspond  with  the  chlorides  In  pro- 
perties and  composition. 


III  ■  I 


Compoands  of  the  halogen-acids  with  tellurons  oxido  are  also  kno'  _ 
When  tbiR  oxide  is  i<xposi>d  to  the  actiou  of  giuxmis  lii/ilroijm  brmnidr  in  a 
reasel  wKiIed  to  — 14'-',  the  (.wmpouncl  Te<J,.3HUr  ia  formed  in  (fmnps  of  small 
nearly  black  sciiles  reHeiubling  iodine.  At  4<>'-'  this  i-<iiii)Kiiind  giri>8  off 
HBr,  and  is  reduewl  loTe(.l,.2HBr,  which,  when  hcat'.-d  to  3W^,  is  renolrvO 
into  water  and  a  yellow  oxy  broin  ide  :  TH'),.2HKr=ll,()-t-TeOBr,  ; 
at  a  still  higher  temperature  this  oxybromidc  in  decom)Mi«i<<l  into 
tetrabromidu  and  tellurons  oxido  :  '2Te01)r,  =  TeBr,-l- Tetl,.  Th 
trabroinide  pusaua  off  in  black  vapors,  and  orystallUcs  on  cooling  in 
brown  neixlleH. 

Tellurous  oxide  is  decomposed  by  hjilrialtr  arid  at  ordinary  t'  i- 
but  absorbs  it  at  —  l!iO,  forming  a  comjKiund  which  det«mi 
tnmiMsratui'u  rises.     Tellurous  oxido  likewise  absorbs  anhydrous  /i^(io>/iwii 
acid. 


BORON. 
Atomic  weight,  II.    Symbol,  B. 

Tnig  element,  the  bimis  of  boric  nr  '    •-  ■'■  ■  v  ■ '    • 
the  double  fluoride  of  ImiIou  and   ji. 
small  irtin  vr)<«el,  and  wnxliiiig  out    ' 

dull,  greeni«h-liiiiwn  iH.iwder,  which   bums  in  the  air  when  beat'-d,  pr 
ducing  IhiHc  oxide.     Nitric  acid,  alkali™  in  the  fused  state,  phlorlnti^j 
other  agents,  attack  it  readily.*  ~ 

Bouicf' ■:    ^     -       •-• 

oxide,  li.' 

with  wall  :  ,  A. . 

•  WAhler  unil  fV»(We,  In  1«»,  ftf  nurlnir  bortn  onlrtd  with  nlnmlnlntn,  oMnltii 


Uimm   .1/   f,47r,yfl    luij   ilhilliltllltll 


SILICON    OB    BILIOIUM.  Sll 

Bmit  m-  BoroaV  Add,  or  UgdrogeH  Borate,  B,BO,  or  3U,0.B/)^  oonUins 
n  |Art>  boniu,  4S  oxy^vn,  and  'i  bydrugm,  or  7u  parts  iKiric  oSkide,  oiid 
M  water.  It  u  found  in  »i>lDtion  iu  the  water  uf  tLie  hot  vulcanic  lagixmii 
^  Tjtfnj.  wbtfucv  a  largc'  supply  ia  at  pres>i'iit  d«rivi-d.  it  ii>  ulrMi  eastily 
■•!•  hy  <la9UU«upostug  with  ^ulplmric  aeul  a  tiut  Holutluu  of  iMirax,  which 
■  XBaatl  t>or»t«  ul  rto<liuiu,  occuiriiig  abuiidaiitly  iu  uerlain  salt  lakus  of 
kita,  Ttub<^t,  aiid  other  purto  u(  Aam. 

Boric  acMl  cryilAlUivs  iu  trouitjiarfnt  c<>lurK'«8  platt»),  soluble  in  aliout 
S  f^x^m  wf  cul>l  watvr,  auil  in  a  luuch  KUiallor  quantity  at  the  boiling 
^mt ;  Uie  x.-id  Uaa  but  httlo  tastv,  and  feebly  allectd  vt-getablu  ivlorti. 
Vkan  keatMl,  it  toe<«i  wat<-r,  and  ineltJi  to  a  glasgy  transparent  mans  of 
ia^fdmos  boric  oxide,  which  di^solvei)  many  mutallic  oxidtti  with  great 
Mat  TIm<  crystal*  distioire  in  alcohol,  and  the  solution  burns  with  a 
pna  flafup. 

J  la<4(;  oxide  in  a  state  of  fusion  requires  for  its  disflipntion  in 
Tpry  intense  and  long-t-ontinued  heat  ;  the  aqueous  solution  rau- 
BM,  basrerer,  be  evaporate!  without  very  appreoinble  loss  by  volatiliza- 
Itaa :  Itmicw  it  is  probable  that  the  acid  is  far  more  volatile  than  the 
•ahydrniis  oxide. 

Boron  Nitride,  BN. — This  oomponnd,  containing  11  parts  of  Ixirun 
mA  i4  at  nitrogen,  is  produced  by  heating  iMric  oxide  with  metalli« 
I J  MiMk,  or  by  heating  to  bright  redness  a  mixture  of  Hal-aiuiuuniac  and 
fmn  anbTdrooa  borax,  or  sodium  biborate,  Ka,0.2B,0,  : — 

K*/>.2B,0,  +  2Nn,a  =  2BN  +  B,0,  +  2NaCl  +  4H,0 . 

i  white  amorphous  iwwder,  insoluble  in  water,  infusible,  anrt  nnn- 
• .     W!>cn  heated  in  a  current  of  steam,  it  yields  ammonia  and  btirio 
•a)aie  :    2BN  +  311,0  b=  2NH,  -|-  B,0„  and  likewise  gives  olT  a  largo  quan- 
iM^f  ef  snimonia  when  fused  with  potash. 

Boron  Chloride,  BCI„  was  formerly  believed  to  he  a  permanent  gas  ; 
kwt  mv-Kt  researches  have  proved  that  it  is  a  liquid,  boiling  at  17'^C. 
(CflD  P.),  according  to  Wohler  and  Deville,  at  18.230  c.  («4.SO  p.) 
lador  •  pr««sure  of  27(iO  millimetres  (Regnaull).  It  is  deciomi><ised  by 
witiv,  with  production  of  ttoric  and  hydrochloric  acids,  and  fuming 
■roigly  in  ti>e  air.  It  is  most  easily  oblain<>d  by  exposing  to  the  action 
ttlaj  cJilorine,  at  a  very  high  temperature,  an  intimate  mixture  ot  glassy 
krie  oxidp  and  charcoal. 

There  is  also  a  Boron  Bromide  of  similar  constitntion. 

Boron  Pltioride,  BP,,  is  obtainiHl  hy  heating  In  a  glass  flask  or  retort 
1  [jri  <pf  vitrified  boric  oxide,  2  of  Jlnor-spar,  and  12  of  oil  of  vitriol.  It 
It  a  tran.Hparent  gas,  very  soluble  in  water,  very  heavy,  and  forming 
tamaa  iu  the  air. 
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8ILICOIT  or  8IUCIUM. 

Atomic  weight,  '.^8.    Symliul,  SI. 


T«n  element  In  tinion  with  oxygen  oonstitntes  silica  or  the  earth  of 
in  which  form  it  enters  largely  into  the  composition  of  many  of  the 
and  mineral  rooase*  of  whuh  tlif  surface  of  the  earth  is  oom^KMMV. 
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SILICON    Utt    SILICIUM. 

Tli«  rollowing  prcKviRS  ;i<<lrU  Kilic»ii  most  rowiilr  :    The  liouMe  lInorl<l»  ( 
silicon  anri  pcilassiiim  is  Iivati-<1  in  a  gliin^i  tiil»>  with  m-urlv  its  own  wi 
of  luvtiktlic  potassium  ;    \'i<>lvut   rrai  tiuii  clisui'S,  iui-1  »iliii>ii    is  e<-t   tn 
WUeii  cold,  tlie  coiiluiils  of  Out   tube   itrH  jml  into  i-olil  Wttter,  which  ) 
niovm  the  anlluu  luallor  auiI  «ny  rcaiJunl   p<jlit2>«ium,  aiul   It^aves  the  si] 
oon  uiitouchud.     tso  prcpartHl,  (silicon  \»  a  dark-bruwn  powder,  <h-i<lita 
of  luHtre,     Hoatod  iu  the  air,  it  buriiit,  and  becoiupa  Bupvrlicially  cunver 
into  liilica.     It  i«  aim  acted  upou   by  Hiilphur  aud   by  chlorine.     \V)ii| 
ailiuou  is  strongly  heatod  iu  a  coveri^d  oruiible,  its  propi-rlicn  are  nn-at 
changed  ;  it  Ix-tomus  darker  in  color,  duutier,  and  inconili  -••''■■ 
to  burn  even  when  huat<^  by  the  (lame  of  the  oxy-hydr>> 

Silioon,  like   carbon,  m  capable  of  exintiug   in   thri-e  nv. 
tion«.     The  Miodilicatiou  above  mentioned  corrmpondii  with  the  aniorphna 
variety  of  carbon    (lamp-black).     The    researched  of  WShler  and   Devilf. 
havo  established  the  exiHtence  of  taodilicalionH  oorreKiionding  with  the  dj|( 
mond,  and  with  the  graphit<j  variety  of  carbon.     The  dinmimd  mo<lillo 
lion  of  iiilicou  is  moat  readily  obtained    by  intnxlueiug  into  a  red-hot  i 
clble  a  mixture  of  3  parUs  of  potassium  Biliix>-Uuoride,  1  part  of  M<»liiiiu  i 
small  fragmcnt.s,  and  I  part  of  granulattHl  zinc,  and  heating  to  {M-rfcct  fUKiun 
On  slowly  cooling,  there  in  formetl    a  button  of  zinc,  cfivend   and    inl»r- 
Bper«i)Ni  with  nee<lle-9hapod  crystals  c>onsieting  of  octohedrons  joineil  in  tlio 
direction  of  the  axis.    This  crystallized  ailicon,  which  tuny  Iw  readily  freed 
from  line  by  treatment  with  a<'ids,  ri'seuibles  crystallized  ha-mntit«  in  •xlor 
and  appearance  :  it  scratilies  glass,  and  fustw  at  a  temperature  .1 1 
the  melting  ]Hiint  of  cnst-iron.     The  graphite  modification  of  m 
|iared  by  fusing,  in  a  Hestinn  crucible,  .1  parts  <if  soltible  glasc  i  (."in— 1 
silinate),  10  parta  of  cryolite  (sodium  and  aluminium  fluoride),  and  1 
of  aluminium.     On  treating  thu  resulting  button  of  aluminiuni  with  hydi 
chloric  acid,  the  silicon  remains  in  the  fomi  of  scaly  crystals,  reoetubli] 
graphite,  but  of  somewhat  brighter  Cfilor,  scratching  glass,  like  tb^ 
riuiu  Diodiflcation.     It  is  iofiuible.     Ita  ajteuillc  gravity  is  2.49.        ~ 


SiUoa,  or  SiUolo  Ozlda,  SiO,.— Tliis  is  tb 
ocmlaiiiH  M  parts  silieiiunnd  .'<2  ji-irLs  oxygen.     Cob: 
crystal  iHiusists  of  silica  very  nearly  i" 
agate,  chalcedony,  (lint,  and  several  Other  minerala,  arc  1 
cliietly  iiim|iosed  of  lliis  sulititanco. 

The  following   experiment   furnishris  silica  In  a  stata  < 
complete   purity,  and  .it  the  same  tluie  exhibits  ou«  of 
most  romarkal>lii  jiroptirtiee  of  silicon,  namely,  its  attracti 
for   (luorine.     A   mixturo  of  ei|ual   parts  of  fluor-spar 
gloKS,  iKitli   finely  |M>wilered,  is  intniduci«l  into  a  glaai 
with   a  ((uantity  of  oil  of   vitriol.      A    lolernbly  wld 
tulie,  fitteil    to   llie   flask  by  a  cork,  paatii'?^  to  the  Imlk 
a  gl;u<»  Jar  (tig.  12H),  into  which  iTUougli  mercury  is  |M/ur 
to  wver   the  extremity  «{  the  tulK..     Tin-  Jnr  Is  then  hj 
fillwi  with  water,  and  heat  is  applitnl  to  the  fla»k. 

The  first  cdMct  is  the  disengagement  of  hydrolltinrio  ac 
this  substanof,  liowever,  finding   Itself  in  'h 

ptpwdered  glax4.  undergiva  1 


and  m1: 
nent 


.tl.     The  l.v 


I" 


lie   Bask   by  the  l>*nt  tng 


gelatinous  coo 

txia  nUil  /lyilnifctii,  4Ut'.!iit\,  uoiuouiuly  uitlntl  hydrotluuBiliviv   ur  tit! 
Jtoar/f  »ad,  tliut 
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f1  <   Reaction  o(  bjrdroflaorio  said  with  silica  >— 

4UK  +  SiO,  e-  2H,0  4-  SiF,. 

(2)  Oeoomposition  of  silicon  fluoride  by  wntor  : — 

iiSiF,  -f  211,0  o  SiO,  +  4HF.SiP,. 

The  silica  ra»y  be  colleclwl  on  a  cbHli-flller,  well  washed,  dried,  and 
^»i'  '  '  ''  -'tni-sd  to  cx|>el  water.  Tliu  acitl  lii|uid  is  kept  as  a  tt«t  for 
^■kr  i<otiis«Juiu,  with  wliieh  it  fomia  nnnrlv  iii<ioliibIv  pr>-f.'i|iitAtiii), 

^■j&^b^.-  liiurlile  (.if  !iilii!im  and  pulouHium  being  used,  im  was  HiHtctl,  iu 
^H^Hbaratioii  of  .-iiliixju. 

^^HBb  fluuride,  SiF,,  instead  of  being  condensed  into  water,  may  be  col- 
leet«d  over  mercury ;  it  is  a  pi^rinanent  gas,  di>!<litut«  of  color,  and  very 
biiary.      ,^<linitt»<l   into   the  air,  it  oontlenses   tliu  moi»ture  of  the  Utter, 
^^  '>  a  thick  white  cloud.     It  is   im{K>rtaiit,  in   the  experiment 

^■iL  -td,  to  keep  (lie  en>l  of  the  de'.ivcry-tiihe  from  tinicliing  the 

^ni  lar,  otherwise  it  almost  instantly  becuiucu  itop[>eil :  the  mur- 

ciiT  lis  objei'l. 

^i  I   may  aUo  be   prepared   by  another  melliod,  which  is  yery 

^Hlnictir«,  inasiauoh  as  it  is  the  bn^jy  of  tlin  pnxvodinK  adopted  iu  the 
^Hdnia  of  all  siliceous  minerals.  Powdered  riKk-crystal  or  One  snud  is 
^H^O|ftfa  about  three  times  its  weight  of  dry  sodium  carbonate,  uiid  the 
^^^^^B  fiiiMvl  in  a  platiuiiin  crucible.  When  cold,  the  glossy  nui.ts  is 
^^^^HH''  by  which  it  is  Kofteuml,  and  ahuoist  entirely  disi>olve<l. 

^^^^^»  "  hloriu  acid  is  then  added  to  the  tiltored  liijuid,  and  the 

^^^^Ba.,-.; lo  Luuipli'te  dryne!<s.     Ity  this  treatment  the  gelatinous 

^^^^H|<own  down  by  the  noid  Ifecomca  completely  insoluble,  and  remains 

^^^^FVheu   (he  dry  saline  mass  is   treated  with   acidulated  water,  by 

wtili'h  the  alkAline  salts,  nliiuiinn,  ferric  oxide,  lime  and  ni.-iny  other  biKlJi:a 

•  In.  Ii  iiiiy  luippeu  til  Ij«  priweut,  are  removed.    The  silica  is  washu<l,  dried, 

.'  r'llnwss, 

i'l'oininent  characters  of  silica  are  the  following:  It  is  a  very 
iv«,  wuii<'.  tohtelt^s  powder,  having  a  density  of  .iU>ut  2.ti(t,  fusible  only 
^Bjtltr  oxy-1iydro);><n  l>liiH'-pii>i>.  When  once  driinl  it  is  lint  sensilily  soluble 
^■w.it.r  ..r  .IiItii..  iicids  (witli  the  exception  of  hydrolluoric  acid).  But, 
^B  .1  loric  aciil  to  a  very  dilute  solution  of  pt^tos.sium  silicate, 

^■■1  .1   remains   iu  solution.     From   this  mixed  solution  of 

^Bm  kiid  |h>u.-isium  chloride,  the  latter  may  l>e  sep.irati'd  by  diffusion 
^Hnp.  p.  I'M),  whereby  a  moderately  c-oncentratc«l  solution  of  silica  iu 
^Ki'  lined.     This  solution   h.is  a  distinctly  acid  reaction:    it  pre- 

^B)>  r,  but  little  stability.     When  kept  for  some  time,  it  gelatlu- 

^Hk_^p  ■'•Mtn  xeparating  in  the  insoluble  uiodiflcntion.  The  same  elTcct 
^H^^ke«<l  by  the  aildition  of  a  few  drops  of  sulphuric  or  nitric  acid,  or 
^^BMntion 

^BOitA   is  essnnlially  an  acid  oxide,  fonning  salts  with   basic  metallic 

^BUra.    and   deoompnsiug   all   salts  of    volatile   acids  when   heated   with 

(bem.      In  strong  alkaline  liijiiids  it  is  freely  soluble.     When  heated  with 

taxia,  raipocially  those  which  are  capable  of  undergoing  fusion,  it  unites 

Mtil.  Ill   forms  salts,  which  are  sometimes  soluble  in  water,  as  in 

H»  I'"   piitiMHinm  and  smlium  silicates,  when  the  ]iro|Hirlion  of 

^ki.  ..r  .i,|r,_     Common  gloss  is  a  mixture  of  several  silicates,  In 

^■li  "f  thin  h.-ippens,  the  siliia  being  in  excess.     Even  glass, 

^t«  v  aotird  U}>im  by  water.     Fiu.-ly  divided  silica  is  highly 

Uxful  in  the  manufacture  of  porcelain. 

Sllloon  BydridA,  or  Silintlal  Hydrof/n.  was  di.icovered  \)y  T^nff  KuA 
WWiUr,  who  oltojjntl  it  br  fiamiing  au  t'/eotric  currcul  Ihrougii  a  bo\vi\.\utt 
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of  UNlium  chloride,  tho  positive  pol«  employed  oonsisting  of  aJumini^ 
aiiitaiiiing  dilimn.  Mtiro  recently',  Woliler  anil  MArtiuB  pru<lu<v<l  tliJH  | 
liy  tivntiiig  Tiiagiifiiiuiii  coutaiuing  Kilioon  willi  liyilr<H'hl>>ric  i»-id. 
Uiul)iu<l8  yii-ld  Kilioic  liyilriiif  uiixpd  with  fri-e  livdrogou.  !' 
Lndi'iiliiirg,  however,  liv  di'coiiiposiiiK  siliric  IriL-tli.vl-roriuatH 

Etiibiu!)  ill  eoiiliict  with  wHiiuui,  hnvti  uhtaiuiil   It  puri',  anil  .,u.. 

it  wnaists  of  28  parts  liy  wt'lght  of  silioou  mid  -1  parts  of  li,vdr>>x<'ii,  i 
iikg  to  thu  formula  8ill,.     The  n-^nctiun  by  nhiuh  it  is  pioduovd  Ull 
wntod  by  the  fullowiug  miuation  : — 


4SiH(()rjIli), 

sniric  Iriethjrl 

lot  tantt. 


SiH^ 

Silicic 
hjrdriile. 


3Si(0C,H,), . 
Tetreiliylio 

Illicit  te. 


Silicon  hydriilv  in  a  colorlcsH  gas.  In  the  impure  state,  u  ohtalnixl 
the  two  proix-tisi's  nlnivc  given,  it  taken  (Ire  spontaneously  uii  rnmini;  '■ 
onntaut  with  tlie  nir,  and  buniK  with  a  white  flame,  evolving  clouds 
Biliea.  Pure  Hilioie  hydride,  however,  does  not  ignite  HpontainHiu^ 
under  the  ordinary  atmoKplu-ric  {iressuro ;  but  on  piuxsiug  a  bubble' 
air  into  the  rareliixl  ga.s  xtunding  over  inereury,  it  taken  lire,  and  ji*t 
a  de|Hi!jit  of  aiuorplious  Bilicoii  mixed  witli  ailioa.  On  po^^iiig  silld 
hydride  through  u  ted-hot  tulw,  it  in  devoiuiHj«ed,  silicon  b<'ing  dejKMit 

CoMPonMiiR   or   Sii.iro.x    axd   Ciilobixe.  —  Silicon    nnites   dln-ctly 
chlorine,  forming  a  ti-traehloride,   SiCI,.     Thia  eomiiounil  it<  obtained 
inixing  flnely  iliviilnl  siliea  with  nharenal  powder  and  oil,  ittron;^ly  tiN 
ing  the  Mixture  in  a  covered  crtieible,  nud  then  ex|MMing  the  maaaj 
obtained,  in  a  porcelain  Inlw  heatiKl  to  full  ri><lne9ii,  to  the  sirtion  I 
fectly  ilry  chlorine  giw.     A  pood  oonileiining  arrnngenii  nt,  HUpplia 
ice-cold  water,  must  lie  eonnected  with  the  pnri'<-lain  lulie.     TIk 
la  a  odorless  and  very  volatile  liquid,  Imiling  at  StiO,  „(  pungent,  milta 
ing  o<lor.     In  ooutaut  with  water,  it  yiuldi*  liydroeliloriu  acid  and  gel 
noun  silica. 

When  hydrochloric  aoid  gas  is  passed  over  erystallUed  silinon  heal« 
a  1eiu|K^ratiire  Ih-Iow  redness,  a  very  volatile  intlaniuiahle  liqnid  >• 
tained,  which,  when  purifnol  by  di^dilbilion,  has  the  coniiiofiition  of  niif 
kjfilrnifiMoridf,  SiHf'lj,  containing  2>>  parts  silicon,  1  h_V(ln)geu,  and  K'j 
chlorine.  This  comiK'Und  is  ileconi|H>sed  by  w.Tter,  forming  a  whit*"  ox 
geuuted  body,  probably  tUiam  /ii/ilrolrioTiJr,  8i,II,Oj,  which  by  prulontj 
oonta^H  with  water  is  furthnr  deoomposed,  with  evolution  of  hydrogen  i 
fonuntion  of  silica. 

A  mixture  of  silicic  hydrotrirhloride  and  bromine  heated  to  1(100  in] 
closed  vessel  becomes  dark  ivbired,  and  is  converted  iiiio  the  bromolrirk 
rill',  Hiltrl'lj. 

Silimn  Irlrohromidf,  SiBr,.  obtained  like  th«  tetrnehlorld«,  r»S(iml)l<»  < 
oomjKiund,  but  is  less  volatile. 

iiilicuii  tluoriiie,  SiV,,  has  buvn  already  deserlbMl  (p.  SIS). 


PHOSPHORUS. 

Atomic  welglil,  91.    Mymbol,  P. 

Pnospnoiip*  In  the  itate  of  plioHplmrii'  add  is  cnntalnod  In  th«  I 
unstralin<xl  nM'ks  and  in  lavas  of  uiwlern  origin.     .\»  lhe»«>  fliilnli 
suJ  orumhiv  dnvB  into  fnrtlle  soil,  thu  phoaphatoa  \t»m  lnt«  thn  urgoud 


Fig.  I». 
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kiu}  oltinuttfly  into  the  bodieR  of  tbe  animitlii  to  whicli  tlip  plantii 
fcr  fcnl.     TIj*'  earthy  pluisphati-s  play  a  vi-ry  imfMirtaiit  jiart  in  the 
of  ibe  ktiiniAl  froiuf,  by  coiuiuiiuicutiDg  >till'neii8  and  inflexibility 
lilka  bony  ak«lt-i»n. 
fhmfhontM  was  discorerrd  in  lOti!)  by  Brandt,  of  Hambnrf;,  vlio  pro- 
Mi  it  brm    urine.     The  fulloHinji;  in  an  uutlinv  of   the  priH'<'8H  now 
iAMoI  :    Tbofougl.ly  rali-inwi  biwr«  are  r«?datf<l  to  pnwdcr,  and  mixed 
•M  twn-thini»  of  their  weight  of  Hulpburie  acid  dilutoil  with  a  eoiisider- 
l»  fmaslity  uf   water  :  tliis  mixture,  after  standing   for  noiue  lionre,  ia 
■•4,  axui  lliv  nearly  itwuluble  calcium  itiilpliate  ia  wanhud.     The  liquid 
ka«Taput»ted  to  a  iiyrupy  mnsi^tenlv,  mixivt  with  eharronl   powder, 
llfca  fcaiuwHiiil    is  completed  in  an  iron  veiwel  expoaed  to  n  high  teiii- 
■ISMi.    Wltwoi  quite  dry,  it  in  transferred  to  a  stoneware  retort  to  whieU 
Ida  heat  tube  is  luted,  dipping  a  little  way  into  the  water  contained  in 
A    narrow  tuU-  swrvea  to  give  insue  to  the  gases,  which  are 
10  a  chiniMey.     This  manufacture  is  now  conduct^'d  on  a  very 
th«   oonsuniption  of  jihosphorus,  for  the  apparently  trifling 
of  inatantaneous-ligbt  matches,  iM-ing  something  pnxligious. 
Fkapbonu,  when  pure,  very  much  resembles  in  apiM-.irance  imperfectly 
^1^^  „  .  .'     .,,,1  i^  ^oft  and  flexible  at  common  temperatureit.     It«  deu- 
laj  to  I.T  it  of  iu>  vB|M)r  4.35,  air  iK-ing 

ai>.«.  '.r      -  rivl  to  hydrogen  aa  nnitr.     It 

■i-to  ,  .  (111°  F.),  and  Ix.ilx  at  280O  C. 
'>n  "ilowly  cxMling  melted  phosplior.m, 
'ibe>lrou8    are   Dometime^   ob- 
Htz.  iihle  in  water,  and  ig  usually 

tmt  uiuuer»<-<i  111  that  liipiid,  but  dissolves  in 
A^Uttf*  naphtha,  and  i-sptx'ially  in  carbon 
G^i^k;.!..  \\'i,..i.  „.t  ,.n  fire  in  the  air,  it  bnrna 
rating  phosphoric  oxide. 
ly  inflammable  ;  it  somo- 
^Bw  iak«w  drv  by  the  heat  of  the  hand,  and  de- 
■iAta  KTwat  care  in  ita  management :  a  blow  or 
%mt  rab  will  very  often  kindle  it.  A  stick  of 
|bMii>ii<  III  held  in  the  air  always  appear*  to 
«itawl  '  '  I'ke,  which  in  the  dark  is  Inmi- 
SHi.     1  IS  chiefly  due  to  a  slow  com- 

u phosphorus  undergoes  by  the 

of  lli«  air,  and  iip<in  it  depenrls  one  of  the  metliods  employed  for 
alrais  of  air,  as  alrea<ly  describeil.  It  is  singular  that  the  slow  oxi- 
4yii«  vt  phosphorus  may  be  entirely  prevented  by  the  presence  of  a  small 
^■■Uly  of  olefiant  gas,  or  the  va{iorof  ether,  or  some  essential  oil  ;  jdioa- 
|lb««a  may  even  lie  distilled  in  an  atmosphere  containing  vapor  of  oil  of 
■■IMJitine  in  considerable  quantity.  Neither  does  the  action  goon  in  pure 
t  least,  at  the  tem|><>ratnre  of  15. &0  C.  (ti«lO  K.),  which  is  very 
able;  bill  if  the  gas  W  rarefi.-d,  or  diluted  with  nitrogen,  hyilro- 
iTjL  ,.r  r.nrl«mio  arid,  oxidation  is  set  up. 

:irkable  uii>difluation  of  this  element  is  known  by  the  name 
■  us  phos|>horns.  It  was  discovered  by  SchrOtter,  a<id 
by  exp<i«ing  common  pliosphorns  for  fifty  hours  to  a  temi>e- 
■  C.  to  i'lflO  r.  (4(i-tO  to  48'iOK.),  in  an  atmosphere  which 
.it  ihcmically  niK.n  it.  At  this  temiHTsture,  it  l>ec<mies  red 
ind  iiiBoluble  III  carbon  liisulphide,  whereby  it  may  l)c  scpa- 
-!•-  r-  ■  luMjihorus.  It  may  lie  obtaiuiil  in  compact  iii».fsea 
riis  is  kept  for  a  wei'k  at  a  constant  high  tenipera- 
,  J.  :  a,  reddlshjhiown,  infusible  suljstaiice,  of  speniflo 
,1(hP    It  does  not  become  luminous  in  th« 


{rartty  betwuMi   2.089  and  2, 
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Formula. 

Phosjihorut. 

Oargeo, 

P,0, 

82 

+ 

48 

P,0. 

62 

+ 

80 

dark  until  iu  tCTnpcralnre  is  raist-d  to  ulxiiit  200O  C.  (302D  F.),  nor  1 
»ny  t<Miil«iicv"  to  oimhiiie  with   thi'  oxygfii  of  the  air.     W'lien   hoaiu 
ZGCO  C.  ("ilMiO  I''.),  it  is  rifouvortcd  iiilu  onliiiary  plii>8{>1ioru». 

When   J^llo^|)horu»   is   mellt-d    H-nunlh    tho   siirfaci'  of  liot  wntor, 
8treaii>  of  oxygen  gaa  forced    U|Kin  it  from  n  hlnddiT,  i-<iiuliii.stioii   ri 
aii<l  tlie   jihosphoruB  is  converttHl  in  great  part  into  n  lirirk-rt-d    p«« 
whiih  was  formerly  believed  to   tw  a  pevuliar  oxide  of  ph>Hphorii» ; 
Scliiott<'r  hag  shown  that  it  is  a  mixture,  cousititiug  chietly  of  aiuorpt 
phoiipUorua. 

Com/mundu  of  Phntphnrut  ami  Oiijjen. 

Tlinre  are  two  definite  oxi<Ie8  of  i>hoi<phoruK,  in  witich  the  quantitia 
l^'gen  unite<l  with  tlio  same  quantity  of  phosphorus  ore  to  ono 
;9»  3  to  S,  viz. : — 

Coin|>oaltion  by  wriKht 

Formula.    1 

Phosphornii  trioxide,  or  ] 

I'hosjihorous  oxide,      ] 

Phoxphnrnti  Pentiixide,  j 

or  PhoKphorio  oxide,     ] 

Both  these  aeid  oxideD,  uniting  with  water  and  metallic  oxiditi  to  I 
Mito,  called  phosphites  and  pho^plinteg  r<.-s[HTtivelr ;  the  hji 
gen  dalt8  being  also  called  phosphorous  and  phoiiphorte  aol 
There  in  al«o  another  oxygen  acid  of  phusphornB,  containing  a  «ma 
j»roiKirtinn  of  oxygen,  called  bypophosphorons  acid,  towUieUj" 
is  iiu  oorrusponding  anliy droua  ox  ide. 

HypopbOBphoroua  Add,  H,PO,. — When  pboHphoruH  iit  l«ill 
a  s>iliilioji  of  lime  or  liaryta,  waler  is  decomposeil,  giving  rise  to  phiis| 
retti'il  hyilrogi'U  and  hypophosjdinroua  acid  :  the  llr^t  t'sicapus  aa  gaa,  { 
the  hypophospborous  avid  reuiaiiLs  as  a  barium  aall : — 

P,    +     snail  O,    +     CH,0     =    3Ban/PO,),    +     2n,P. 
Murium  Ilfirium  Ilydrocrn 

hyUrnxtde.  bypophosfihltv.        plioaphlde. 

The  Hotublu  hy|>ojilii>s)iliite  may  bo  crystaUi<e<l  mil  by  slow  evajiorBti 
On  adding  to  the  liiinid  the  (|UAntity  of  Kulphuric  acid  n<v<-sMary  In  [ 
cipitat4i  the  base,  the  liypnpluwphorons  acid  is  nlitj>lne<l  in  Kniulion,  I 
may  bo  reduced  to  a  Byrupy  consl<t<>nce  by  evajxiration.  The  arid  1« 
prone  to  aliaorb  more  oxygen,  an<l  is  therefore  a  powerful  dcoxldixlng  ag 
All  its  nalta  are  soluble  in  water. 

Fhospborona  Oidde,  P,0„  iu  formeit  by  tli«  slow  combustlnn  of  pq 
phorus  iu  the  air  :  or  by  burning  tliat  sulistance  by  men" 
supply  of  dry  air,  in  which  awe  it  i»  anhy>lr<>us,  ami  j 
of  n  white  powder.     /1io«j>WoM»  Ai-itI,  ll,P<»,  or  3II,O.I'  ' 
nieiitly  prepared  by  adding  water  to  the  trU-hloride  of  pli<»>pli<irm),  w| 
mutual  d(H50mposition  takex  place,  the  oxygen  of  the  water  Iwing  tr 
f.>rre«l  to  the  plirMpboruR,  generating  phimphorous  add,  and  lla  hyd 
to  the  cMorine,  giving  rise  to  hydrochloric  acid  : — 

PCI,  +  3H,0  _  3H(-I  +  H^O,. 

By  ev  .>  '    -'   -   •     -t  -   V         '  livrlnx-hh 

acid  i"  ■ 

Pho*;.! — ,..,.,;.  .1..,,  ..,,  ,:  .,.  .    .titraol  OSJ 

Mad  jijum  luto  /ifnwpiiarte  avid.     Wh«u  heated  la  a  oloM  itmAt  It  ta] 
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Ovluil 


i  iato  pboephoric  acid  and  pore  pli<>sp)iorvttt^i  hydrogen  gas.     It  is 
lof  llU  part*  ot  ijlicHphurous  cixiiio  and  hi  parts  ul  walvr,  or  31 
4ti  oxjrgpu,  »ud  3  hydrogeu. 

lOrlo   Ozide,  l',Oj  (also  callfd  Anhytlro^a  n<iiji/ioric  Acid,  or 
AuJ^yirtJr). —  Wlimi   pUiisphurus    is   burned   uudiT  it  boll-jiir   by 
I  u(  a  ««pi>^u5  su|i|>lr  uf  dry  air,  tinow-liku  plicwpburio  oxide  is  pro- 
la  p«at   quAiility.     Tliis  sul»tAiic«  exhibits  atlravtion  Tur  watrr, 
eV'Mi  lltan  Ihttt  of  sulphuric  oxide;  in  faet  sulphuric  oxide  umy 
lljr  li<iating  strong  sulphuric  acid  in  contact  with  ]dio»phoric 
ITiimaiwI  to  lli><  air  for  a  few  nmuents,  pli»«phoric  oxide  deliquesces 
||al%«ida  and  when  thrown  into  water,  comliinea  with  the  latter  with 
* — '    'f   vioteooe,   mid  is   converted   into  pliosphorio  acid.      Tho  water 
cjuinnt  again  l>e  separated. 

acid  of  moderate  .siren};tli  is  heated  in  a  retort  with  whieU 

''i-tc<l,  and  fragiuents  of  phosphorus   are  wldtxl  singly, 

r  the  violence  uf  tho  action  to  subside  afti-r  each  addi- 

iit!  is  oxidiieii  to  its  maximum,  and  converteil  into  phos- 

•  stilling  olf  the  greater  part  of  the  nitric  acid,  Ininsfer- 

the   n-tort  to  a  platinum  vessel,  and  theu  contiousljr 

i>  rfslness,  tho  phosjdioric  ai:id  may  be  obtainod  pure. 

r/toftjih/iric  arid  uf  the  Pharmacoi.Kcia. 

luetli'jit  of  preparing  phosphoric  ot^d  consists  in  taking  the  acid 

pluitv  pnidnceil  by  the  action  of  sulphuric  acid  on  bono-varth, 

it  with  a  slight  exc<«aof  ammonium  carliouate,  separating  by 

able  calcium  salt,  and  theu  eva|K>rating  and  igniting  in  a 

iffl  the  niixiHl  phosphate  and  sulphate  of  ammonium.     Phos- 

•Itme  remains  btrhiud.     Tho  acid   thus  obtaineil  is  somewhat 

<if  the  most   advantageous  methods  of  preparing  pure  phosphoric 

lh«i  large  scale,  is  to  burn  phosj)horus  in  a  two-necked  glass  globe 

Iiich  a  current  of  dry  air  ia  passed  :  in  this  way  the  process  may 

Ml  enntinuously.     The  phosphoric  oxide  ohtjiinwl  may  bo  j)re- 

."     :  -    ite,  or  eonvertwl  into  hydrate  or  glacial  aoid,  by  addition 

'<]UeDt  fusion  in  a  ]>lntinum  vessel. 

|.i,i-~l'ii<>ric  acid,  or  ruetapliosp li ori e   n(-id,    is  exewilingly 

I,  and  nijuires  to  Iw  kept  iu  a  closely  stopped  bottle.     It  con- 

iiariH  of  phosphoric  oxide  and   18  parts  of  water,  or  31  phos- 

■  .   and   1   hydrogen,  and  is  re|iri^pnt<Hl  by  the  formula 

I'hosphoric  oxide  likewise  uniti-s  with  2  and  3  uiole- 

J  iiaUi,  (■.'ruling  the  compounds  2nj<).I'30i<'r  II,I'./>,and  3H,O.P,Oj 

■H,POj,  ralle*!  ntsjM'ctively  py  ropliosphor ic  acid  and  orthophos- 

'    acid,     Thff  last  is  formiHl  by  oxidizing  phoK|ihornH  with  nitriu 

'1  hy  the  action  of  water  on  phosphorus  ]H'ntiu:hloriile  : 

PClj  -\-  4n,n  =  OIKl  -1-  II.PO,. 

'  aiine<^iM  solution  evaporated  to  a  thin  syrup,  and  left  over  oil  of 

■its  orthophosphorio  ncid  in  prismatic  crystals.      The  same 

-  bo  heate<l  to  lUlK'  C.  (3'2ny~>  V.)  without  change  in  the  eoiniio- 

I   Uie  aoid;    but   at  2130  f.  (41.1.40?.)  it  givra  otf  a  niole<-nle  of 

r.nd  Is  converted  into  pymphoHphoric  acid ;   and  at  a  r<.<l-lieat  it 

olf    another  molecule  of    water,   and    leaves   nietapbosphoric   ocid, 

of  lli"<»e  aridn   forms  a  distinct  class  of  salts,  exhibiting  reactions 

to  itself.     They  will  bu  descrilxHl  in  connection  with  the  general 

of  saline  eoiiifH>und!>. 

t>horic  oxide   is   ri'adily  voIatili:eed,  and  may  lie  gnblimcd  by  tho 
«<  an  onlinary  aplrit-lamp.    The  aoid  may  be  fnsed  In  a  pl&Unum 
1» 


T» 


218 


PB0SPH0HU8. 


I 


» 


eradble  At  It  red-beftt ;  at  litis  t«mpcratiire  It  otkIvos  mrmiilernblH  q 
titles  of  Ta]Kir,  bnt  is  still  fur  from  its  boiliii;;  point,     riiwpboric  at>idl 
a  very  powi-rful  aoid :    bcin^  less  volatile  thait  salptiiiriu  acid,  it  ox 
Iho  latter  at  biglx^r  tempvraturus,  altbongh  it  is  iii»i>IUM<il   ity  milpbu. 
acid  at  coinmuii  ti.-nipi'ru<urrs.     Its  solution  liuti  tiu  |]ll■^uel'l/  sour 
And  roddens  lilmus-papvr  ;  it  is  uot  poisonous. 

Comjmaniit  of  PlioKpliunu  and  U^drnijrn, 

FhOBphoma  Ttihydride. — riiuf/Mne. — Ilmtplinretlnl  Ui/thngm,  PH,. 

Tlii.t  bo<ly  i»  uiialogous  lu  suiiiv  of  its  cl>viuii':il  ri'lutious  to  aimiiouiacjil  gi 
its  alkaline  propi'ilit-a  urt<,  bowevur,  uiitch  neiikiT, 

It  uui,v  be  obtuini-il  in  a  sttito  of  puritjr  hy  beating  pbiisjihorous  oeld 
a  smaU  retort,  tb«  oi'ld  being  tUeu  resolved  Into  pbwpborelted  Uydn 
and  pbospboriu  avid : 

4n,po,  ==  rn,  +  3u,po,. 

Thus  obtained,  tbo  gas  has  a  density  of  1.24.     It  eonlains  31   p« 
phosphorus  and  3  parU  hydrogen,  and  is  so  iimstiliited   (linl  >-(i'rj- 
volumes  contain  3  volumes  of  hydrogen  ami  lialf  a  volume  of  ] 
vajMtr,  condensed  into  two  volunuii.      It  bns  a  highly  dixngrt' 
gnrliu,  is  slightly  sitliilile  in  water,  and  burns  with  a  liriiliabt  v  lui.   iium 
forming  water  (in<l  phosplmrie  airjil. 

I'hosphnretl^-I   '>  ■'■ ii  ni.'iy  also  Ikj  pro<luoed  by  loili"-  •— -fti'i 

retort  of  small  -,  eiiuftio  ]iota!<h  or  sluked  llin>\  li 

phorus:  the  v.  hi  Ih'  filled  lo  the  neek,  nnd  tin 

latter  made  to  dip  into  the  water  of  the  pneunintie  trough.  In  the  fe| 
lion  whieh  eiisnes,  the  water  is  decomposed,  and  both  its  ulemeiits  combH 
with  the  phosphorus. 

P,    +     3CalI,0,     +     UH,0 


3CalI,0, 

OiiIi*iiitu 

hydrokltle. 


2I'H,    +     3Cari,I',0, 

t'Rloiuni 


The  phogphoretted  bydropeii  prei«irei)  by  the  latter  proe.-»8  has  lh«  «l| 
gular  properly  of  BiHUitunenus  inllnininabilily  when  ailniilled  iulo  Ut»l 
or  into  oxygen  gas  ;  with  Iho  latter,  the  eaperinieut  is  very  beaulif 
r(«)uiri>a  eaution  :  the  bubblia  shinild  be  admitted  singly.  WUa 
over  waliT  fur  some  lime,  the  gas  loses  tliis  pH)|KTly,  without  otho 
suHering  any  appreeiaiile  ehango  ;  but  If  ilried  by  iiil.imo  ebJMri.le,  it  ma 
1h>  kept  unallereil  for  a  nineli  longer  time.  I'aul  Tliunard  has  sboHi 
the  sjiontani'ons  eoiiibuslibilily  of  the  gai  ariseB  (rom  the  preiwnc4 
vniMir  of  a  liquiil  hydrogen  ]dios]>hlile,  PH,,  whieh  eau  U-  prop 
Niiiall  i|iianlity,  by  conveying  the  gas  prnduei-d  by  the  aeliou  of  watfrr  I 
eab'lum  phosphide  through  a  tulw  cisiled  by  a  freeiing  inixtnro.  T| 
snltstinco  forms  a  iMilnrless  liquid  of  high  refrnntive  power  and  v<Ty  gr« 
volatility.     It  doi'S  not  free»,e  at  —17.*'  C.  (iO  K.).      In  rontact  with  r'" 

inflames  InHlniitly.  and   its  vapor   in  v.i  "     ■'■        "H 

spoiitani<ou»  jnrtiimmnliillly  to  jiure  pie 

other  (viiii'"-':i  I      visiwi.     It!".' .„...  .....-■- 

retl«l  b;  •!  a  solid    i  '.  wbieb  1»  ofleu  »n-a{ 

inside  nl  i  .ining  k^"'   '  . un'  l.i   lifbt,   b.-w   10 

pro|H'rty  of  HiMini.tneous  inllnmmntion.     ritrup 
U-trnvuis  dei.|tuip(Mitloii.     It  Ik  as  unxtable  n*  li 
olisi-rvivl   tbnt  jiiin-   idiosphoretted    liydi 
ncoualv  inllainmulili'  If  hi-tttiii  to  the  ten 
/■/,        ■.•••'•  • 

ri-- 

t*tfl~ I ,     ...1.     n,.,„.     
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Vampmiidt  of  Pio^thorut  wM  Chlorine. 

Thtm]fUm  !!■  forms  two  ctiluriili^,  &iialu^iMid  ui  uompoeition  to  the  oxide«, 
Itt  niinlltlMi  at  chlorine  ixmibiuetl  Willi  (liu  douie  quoutity  ol  plioopburuai 
ha^  to  Um«  jamportlon  of  3  to  6. 

Ftoapbom*  Trichloride,  nr  Phosphorona  Chloride,  PC'I,,  is  prt*- 

fK9d  m  Ui«  sjuuf  luaiiiier  as  oulpUur  di<  hl(iri(l>--,  by  giiitl/  bt-aliiig  |ili(>8- 
fbaraa  in  <lr .  gu,  tUi'  |il><>.si>lir>ruK  Ix-iug  iu  uxct«8  ;  ur  by  p.'utiiug 

lh*impur  o'  I  us  over  frai;iuruU>  of  caluuii-l  (iu>;rcuroiiH  chloricU-) 

rtral  in  ^;..^^.^  ,.itK.<,  and  Htriiugly  ht-ated.     Itiis  a  thin,  culorli-iw  tiqiiiil, 
rutB««  in  the  air,  anil  has  a  )»jwfrful  and  oOcu^ivi-  iKlur.     ltj<  .spo 
.  ^rarity  is   1.45.     Thrown  into  water,  it  sinka  to  the  liottom,  and  is 
_  etv  «|pn.<mp><3e<l,   vieMinK   phuapliuroiu  acid  and  hydruchluria  acid: 
111,4.  3ll,.>  =  3HC1  +  U,fV,. 

Phoaphoros  Pentachloride,  or  Phosphoric  Chloride,  PClj,  is 
feoMd  wbnn  pbns|ihi,riix  is  burn<«l  iu  exo-^e  iit  chlorine.  I'ienti  of  phus- 
Tf^mvt  axe  introduced  into  a  large  tubuliilod  retort,  which  i.i  then  tilled 
«Mk  4rf  daloriou  gas.  Tin*  phiMphorns  takes  lire,  and  bums  with  a  |ialu 
JlMt, loaaiag  a  white  volatile  erystalline  Hubliiu.ite,  whirli  is  the  peuta- 
^*-rV1-  It  may  be  oblaine<i  in  larger  quantity  by  pa.«siiig  u  stream  of 
4rf  (htoritx'  giu  into  tho  litinid  trichloride,  which  l)ecxjiiies  gradually  cxin- 
IHV4  into  a  auliil  urystalliui;  iua:>s,  I'hosphorus  penl.'iehloriilu  is  doconi- 
MaA  hy  «rat*-r,  vieMiug  phosphoric  and  hydruuhloriu  auidii :  I'Clj  -{- 
JafimaSUCl  +  UtfO^. 

>rDa  Oxychlorlde,  POCl,,  is  produc<>d,  together  with  hydro- 

p  aiofl.  when  pluwjihorus  pentachloride  is  heated  with  a  quantity  of 

'  Insuttcivut  to  (v>uvert  it  into  phosjdioric  acid.     It  may  also  be  pri*. 

1»T  •li«lilling  tlie  pentachloride  with  dehydrat<"<l  oxalio  acid,  or  by 

'ire  of  phcwphorus  pentachloride  and  phnsphorie  oxide. 

[uid,  of  sp.gr.  1.7,  jxni.iessing  a  very  jinngent  odor,  boiling 

iii>-,  t-XiiiiY  <le<.viiup«sed  by  water  into  hydrochlorio  and  phospburio 

A  nif/iVV "f"'-  of  analogous  composition  is  produced  by  the  action  of 
I  •nlphi<lo  on  tb«  iwutauhloride.     It  is  a  culorlcss  oily  liquid,  d«- 
bj  water. 


Two  tmmiib*  of  pko&fhonu,  an  oiybromiilf,  and  a  talphnhromuh,  are  known, 
lntjuwuliiiiS  in  cuui|iosition  and  propurtios  with  the  uhloriuu  oomijouuda, 
Ml  iMainoi  by  similar  proueaava. 

i^aaphorn*  forms  also  two  inllilm,  PI,  and  PI,.  Both  are  obtained  by 
kBairios  pbmphoriis  ami  ioline  together  in  c»rl><in  liisul|ihide,  ami  limiI- 
^  Iha  li<}Ui>i  till  crystals  are  de|iosit«d.  Whatever  |<ro|Mirllons  of  iodinu 
larl  ph(»phurUH  may  Ik;  usihI,  these  two  com|>ounds  always  crystallize  out, 
■isad  1  ■  either  of  imline  or  of  pliowphoi-us. 

TW  ■  Its  at  llil'-'  ('.  (;2XMy~'  v.),  fonniiig  a  rwl  liquid  which  con- 

4ioa««  .-.  -  ..,  -t  riHl  solid.  The  iri-imM,  melts  at  fifi'^  C  (1310  F.),  and 
er7i<aU(S<«  •m  C4«iliiig  iu  well-defined  prisms.  Hoth  are  decoiiijHised  by 
ailar,  yielding  bydrlodii^  and  phosphorous  acids,  tbu  di-iodidu  also  do- 
yafUlng  jellow  iliUcua  uf  pbuspborua. 

C'lmpnmuU  nf  PhnxjAimiii  mth  f>ul]JntT  and  Srimlum. 

SolphldeB. — When  ordinary  pbosphorua  and  sulphur  are  heated 
Imrtlm  in  lUe  dry  state,  ur  meltod  together  under  water,  combination 
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or  3  parts  hydrogpn  witli   14  parts  uitrugen.     Whnn  polaiifiinin  is  hpafa 
in  aiiiiiKinia  gius,  n  »iiii|wiiu(l  onlli-il    puta»Haiiiino   18  loruii'd,  in  whid 
t)ue-tliirii  of  llie  liydrogru  U  rr]ila«-<l  by  potOHsiura.     Anotlii-r  i-oidjioudi] 
called  tripotassaiuiuu,  U  uUn  knuwn,  (xinslsting  of  uiuumiiia  in  wliid 
tlio  wholu  of  Uio  liyilrygon  is  replaced  by  an  eijuivaleut  quantity  of  pot 
Bium. 

There  ia  also  a  large  class  of  compounds  derived  from  nmmnnia  in  lik 
manner   by   the  replnc«ment  of  ^,  |,  or  the  whole  of  the   hydrogen 
e<iuivaleut  quautitiesi  of  certain  groupii  of  elements  culled  rom/youiul  rodie 
(se«  page  23S>.     Ueuce,  by  reatiouing  Himilar  to  that  nhioh  was  al»» 
applied  to  water,  it  ih  inft-rred  that  the  molecule  of  ammonia  contains 
atoms  of  hydrogen,  and  that  the  atomic  weight  of  nitrogen  it  14.     Mor 
over,  in  certain  organic  compounds,  thia   quantity  of  nitrogen  may 
gulistituted  for  3  parts  of  hydrogen,  or  ',•  nitrogen  for  1  hy(lrogen  ; 
sequeutly   the  atomic  weight  of  uitroguu   is    tiirte   times    its   e«juivale 
Weight. 

Next  take  the  (uiae  of  nuirn/i  pat  or  methane,  a  compound  of  1  part  hyil 
gen  with  'i  ports  carbon,  or  4  of  hydrogen  with  12  of  carl>on.     When  tb 
gas  is  mixed  with  chlorine,  and  expoaeii   to  diffuse  daylight,  a  new  o«n 
pound  is  formed,  in  which  one-fourth  of  the  hydrogen  belonging  to  III 
marsh  gas  is  replace<l  by  au  equivalent  qiiimtity  of  chlorine;  and  if 
chlorine  is  in  excess,  and  the  mixture  cxjtosed  to  sunshine,  three  othd 
compounds   are   formal,   in   which    one-half,   three-fourths,   anil   all 
hydrogen,  are  thus  replaced.     The  results  may  be  tlius  expressed  :— 


Cnrbon. 


Methane. 

HydroRfn. 


12+1      +      1      +      1+1 

Chloromethane. 
Oarboa.  Il^fdrogcn.  Ohlorlne. 

12      +       1      +       1       +       1       +       35.6 

Diohloromcthane. 
Carbon.  Hydrogen.  Chlorine. 


12      +       1       +       1      +       35.0       +       35.6 

Trichluromethano  or  Chloroform. 
0»rb.  Hyd.  Chlorine. 

12      +      1      +      35.5    +    35.5    +    36.5 
Tetrachloromcthano. 

Carbon.  Chlorine. 

, ' . 

12      +       35.5       +       35.5      +       35.5      +       35.5 

Hence,  by  reasoning  similar  to  the  aliove,  it  is  inferrwl  that  the  luol^ 
cnle  of  nietiianc  contains  4  atoms  of  hydrogen,  ami  that  the  aUiiui(^  weight 
of  carbon  is  12.  Morwwer,  as  thm  "quantity  of  carlxtn  can  unite  with 
4x'^'''--'>  parts,  or  4  atoms  of  chlorine,  it  follows  that  the  atomic  weight  of 
carbon  is  equal  to  four  times  its  equivalent  weight. 

We  have  thus  shown  in  thriv  eases  how  the  atomic  weight  of  an  element 
may  he  determined  by  the  proportion   in  which  equivalent  substitution 
takes  place  in  its  compounds  with  bydrogen.     Sulphur,  selenium,  and 
tellurium,  form  hydrogen-comjionnds  exat^tly  analogous  in  this  ri>spect  If^ 
water,  llio  hydrogen  being  replaceable  by  halves ;  their  atomic  wcigbtf 
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GENERAL  LAWS  OF  CHEMICAL  COMBINATION- 
ATOMIC  THEORY. 

RiTTizc  iiroeowling  further  with  the  study  of  inrliviilual  compounds,  it 
,  ■  .  .1.1..  I..  .-i.Aft  uiori^  fully  into  tint  euuaiilKration  of  oertuiti  i^fni'ral 
(iiiiiliiuiilinM,  anj  certain  lliwiretii.'al  Dotion.i  foundwl 
"r  wbicU  has  already  bvuu  givuii  in  Uu-  diaptcr  on  Oxy- 

I  lawsiii<i!iifi(ion  are:   (1)  The  Law  of  BqnivalentB,  arconling 
>(<4<in<<iit  of  eltuuKUtii  ontt  tiy  another  always  tak^t*  place 
"II :    (2)  The  Law  of  M  u  1 1 i p  1  e a ,  according  to  whidi 
"(  Bii  ek'uient  ^   whiuh    can    uuil»    with    a   fiso<l 
in^nt  It,  ittaiid  to  on<«  another,  fur  the  mrwl  part,  in 
1  lioiisi.    The  ohservatiou  of  Ihi.'Se  laws  has  lc<l  to  the 
.   UidieH  are  miwle  up  of  iudivinihle  particles  eull«d 
I  oiiistant  w>:ight  |)evuliar  to  itttelf ,  anil  that   i^hu- 
t\  onuilaimtiuit  tiiJc>^  plac«  by  tho  juxta|ioiiitioo  of  thesv  al<<iiis,  1  to  1, 
1    to  3,  IS  to  3,  et«^,  a  group  of  uloiiui  thum   united  being  vallud  a 
auilcculo.     Thin  is  tho  atotuio  hypotiiegis  of  Doltoa. 

T"  "  nlvalentB. — The  pqtiivalpnt  weight  of  an  elementary  Ixxly  rom- 
.  ith   that  of   hydnij^en,  takeu   aa  unity,  may,  in  many  cases,  be 
.1  1,^  .l^r.cisulwtilution.     Thus,  when  a  metal  dissolves  in  hydro- 
i  '  acid,  the  i|uantity  of  the  metal  which  takes  the  place 
111  of  hydrogen  is  its  equivalent  weight.     In  this  iiwnner 
^und  thitt  the  e<iuivalent  of  sn<liutu  is  23,  of  zinc  '.i'i.G,  nf  magnesium 
trUi.     Again,  many  organic  compounds — acetic  ocid,  for  example — aro 
upon   I'  and  hrumine  in  such  a  manner  that  1  jMirt  of  the 

^rn  is  !  ■d  its  ]dace  HUjipliod  by  chlorine  or  hrnmine,  every 

.|iv  •■  •■»■•.)  of  hydroiien  thus  reinovwl  b<>ing  re- 

\\  by  SO  parts  of  bromine  :  these  Dumbera 

^iitsof  cUloi'inu  and  bromiuu. 
liou  one  element  A  uuitos  with  cvih  of  a  number  of  others,  B,  C,  D, 
In  one  imiiKirtioD  only,  the  ((iiantities  of  these  latter  whivli  combine 
or  8.iturate  a  given  quantity  of  .A,  are  clearly  jirojKirtional  to  their 
ivalent  weights.     Thus,  35.5  parts  of  chlorine  are  known  to  unite  with 
rt  of  hydrogen,  23  of  sodium,  3a. 1  of  potassium,  32.6  of  rinc;   conso- 
iitly,  tlio    numbers    23,    3y.l,  and    32.1)  are  tho  equivalent  weights  of 
.i....i,i,,,    ..„.|  2inc  refemnl  to  hyilrogen  as  unity.    In  this  manner, 
of  elemi-nts  may  Ih<  ileienniiied  without  recourse 
___  k-l  « liich  is  nut  alwoys  prauliojible. 

Tlio  lell  hand  column  id  the  following  table  contains  a  list  of  those 
mrtallic  or  )H-<ylt.u«  elements  which  uuite  in  one  proiiorlion  only  with  the 
/(.-  or  chlorous   eli'ineiits   in    the  right   hand   culunin,   tho 

t,.,  to  padi  element  showing  the  proportions  in  which  the 

oimi'iiiiin.ii  KHCi  K  pl.ice  (f.ff.,  12  mngnesinin  with  35.5  ebloriue,  39.1 
potaaolnra  wilL  bO  bromino,  etc.),  or,  in  other  wonis,  the  equivalent 
WeifUte  :— 
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Equlv. 

1 

Fluorine 

4.7 

Chlorine 

».13 

liruuiine 

7 

lodiuo 

12 

20 

23 

32.1) 

37.7 

30.1 

43.8 

«S.7 

85.4 

133 

uue 

I 


Hydrogen 
BiT.vllium 
Aliiuiiuiiim 
l.itliiuiu 

MlLglK-.-lillIU 

Catciuui 

Sodium 

Zino 

lu<liuiu  . 

I'otiusBium 

Struntium 

jlariuiu 

Hiiliiilium 

Coiiiium 


These  numbers,  as  will  l>e  explained  further  on,  are  also  the  relatire 
quantities  of  the  sevi-ral  eli-iniMitf  which  would  Iw  scparatixl  from  tlioir 
oomiKmnds  by  an  elot'lric  current  of  given  utrength  :  thua,  if  tlm  maiue 
current  were  pa»»cd  fhr<Mi;;li  iii>littioiia  of  Kudituu  Immiide,  potassi 
iodide,  aud  zinc  clilorldf,  lIk'  qiiuutitics  of  h'Hliiint,  p(>tn.s»iiiiu,  xiur,  I 
mine,  iodine,  aiid  chlorine  siuuittnneou--ly  eepnrattit  would  be  to  one 
other  in  the  proportion  of  the  umiilKrB  in  the  table. 

In  m')st  cases,  however,  oomliinntiou  between  two  elements  takes  pi 
in  more  than  one  pro]Kirtion,  and  in  Buch  ejises  the  notion  of  equivalent 
value  l)ecoiiiea  less  definite  ;  in  fact,  siu-li  eleuu'Uls  may  lie  said  to  have  as 
many  equivalent  weights  b.s  there  are  ways  in  whteli  they  can  eopibino 
with  others.  Thus,  tin  forms  two  series  of  couiiyninils,  tlie  staqnous  com- 
pounds, in  wliieh  59  parts  of  the  metal  unite  with  35.5  of  chlorine,  S(i  of 
bromine,  127  of  iodine,  etc.,  and  the  stannic  iviui[Hiijnds,  in  which  half 
that  quantity  of  tin,  viz.,  2SI.5  parts,  discharges  the  same  function  ;  tin 
has  therefore  two  equivalents,  viz.,  59  in  the  stannous  ami  2il.5  in  the 
stannic  compounds.  In  like  manner,  the  equivalent  of  iron  ia  2b  iu  \h» 
fHrroua  aud  lt>^  in  the  ferrio  compounds.*  ^ 

Atomic  'WeightB. — I-et  us  now  compare  the  hydrogen  componnda 
of  chlorine,  oxyi,'en,  nitrogen,  and  carbon  with  regard  to  the  manner  in 
whioli  the  hydrogen  conlaiiietl  in  them  ni!iy  bo  rei»lacefl  by  (ither  elements. 
Compare  lirst  hydroelilorio  acid  and  water.  When  hydrocbloric  acid  is 
auted  upon  by  sodium,  the  yhnle  of  the  hydrogen  is  exjtelled,  and  the 
chlorine  enters  into  eombinaticm  with  an  equivalent  ituantity  of  the  metal  ; 
thus  36.5  parts  byilroehlorio  acid  (•=  1  part  liyilrogen -|- 35.5  chlorine) 
and  23  sodium  y  iel  I  1  part  of  free  hydrogen  and  23  -|-  35.5  (=58.5)  sodium 
cliloriile  ;  there  is  no  such  thing  as  the  expulsion  of  part  of  the  hydrogen, 
or  the  formation  of  a  ciiMi]>ound  containing  Iwth  hydrogen  and  metal 
combination  with  the  chlorine. 

With  water,  however,  the  cise  is  dilferont.     Wln'n  sodium  is  thrc 
ujmn  water,  IH  parts  of  that  compound  ('=2  hydrogen  -f-  l(i  oxygen)  are 
decumpused,  in  such  a  manner  that  half  of  the  hydrogen  Is  expelled  by 

*  In  sueh  cases  It  is  lomptlniea  supposed  that  the  two  elsuei  of  eompounctirnn- 
tsia  illfrerrol  inetnlllo  riKliclcs,  eunibiiird  with  the  asaie  qtmnlltv  oTn  iion-DirtiilUi| 
or  chloroiiH  ricnient,  the  ^Irinnniiii  comi'ounilft,  for  ex'impte,  ueine  eupj>o»eil  td 
contain  a  r:*ili<*lc  cilled  jr/nnrioytim  (rq.  Wi,  nnd   the  stnnnlo  componnrii*  ftonfh*^ 
rstlicle  ctlleil  glannicun  (eq   29.5).     This,  however,  i*  i\  mere  rooile  of  cxpreHHlna 
Mince,  to  t'lke  ilie  two  chtiiriileH  i>f  tin  for  rviinptc.  thene  two  c.(»inpoiiii(tK  migl 
jiiflt  AS  well  tiH  »uppoic4  to  QOiitaiadUfvrcut  chluruus  rattiolet  cumbiaeU  with  It 
same  qu:tutlly  o(  tio. 
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•B  M|uiraleiit  qnantity  of  Bodiiun,  23,  and  Bodiam  hydroxide  is 
laamoi,  umUiiiiii); — 

Sutllum.  liyOrogea.  OxygcD. 

23      4-       I      -f      m 

Tilts  mmpvund  remaiiiti  in  Uie  sulid  gt&te  when  the  liquid  is  eraporatM 

L'  li  .  ut-fa  ;  and  il  it  lx<  fiirtlier  UeaU«t  in  a  (ul>e  M'ith  sicxliuiii,  tlic  n-main- 
...  I.. At  of  tht?  hydrogen  ig  driven  off,  and  ahydruus  suiliiuu-oxid«  rt^maius, 
(•■uii>-n><l  of  4b  |>arU  ><odiuui  -}-  Iti  oxy^fU. 

Watrr  dilTiTS,  llierefure,  from  h,vdr»chl<iric  avi<I  in  thix  respect,  that  its 
liTiln<gfU  uiay  W  refilauvd  by  Koiliiim  in  two  (Hjual  jwrtiouii,  yieldin);  suit- 
ftnnivi'l y  a  liydroxidtt  and  an  auhydroiu  oxide,  tlio  rvlatiuus  uf  whivh  to 
the  urij,'inal  cumpoiuid  may  Iw  thus  repnnienlvd  .— 

Sodlumhydroxide.  SodiurnoxiUe. 


W«t«r. 

* « 


I!yd.  Sod.  Ox. 

(1    4-    as)    +    Id 


Sodium.  Ox, 

(33     +     23)     +     Iti. 


Rrcardinj;  these  n-anllx  in  nonnectiiin  with  the  atomic  hypi)th(>«la  of  the 
0>n«tiIiiUon  of  iKHjie*,  «•••  niiiy  mipixiHe  :  (1)  Tliat  each  ni'>l<'i'iile  of  hy- 
Hnahloric  ai^d  is  eomposetl  of  one  atom  of  hydrogen  ai>d  one  atom  of 
rhlnriuc,  and  l)>ut  nlieu  this  c<oui]K>uiid  is  aeled  upon  by  s(Hlium,  eotih 
mnlrculo  i:s  decomposed,  it«  hydrogon-atom  buing  driveu  out  B&d  replaced 
t>y  an  atvm  of  sodium  :  thus — 

(H  +  CI)  and  Xa  produce  (N4  +  CI)  and  H 
1        35.5  23  23         35.5  1 

lie  jflghts  of  the  three  atoms  concerned  in  tliia  rnartinn  are  to  one 
in  Ihe  same  pro|)orlioii  as  the  I'quivalent  weights,  or,  taking  the 
en  AS  the  unit  in  eiuh  c«se,  we  may  say  that  tiie  atomic  weiglita 
fani  and  ehlorine  arc  identieal  with  their  e<|Mivalent  weights. 
Kaeh  nioUs-ule  of  water  must  be  sujiposed  to  contain  two  atoms  of 
..n  :  for  if  it  wntaintil  only  one  atom,  ttien,  since  the  first  acti<in  of 
'•ikIiuui  ■!*  to  exjH-l  only  half  the  hydrogen,  it  would  follow  that  each 
of  liydrocen  would  l>e  H|«lit  into  two,  and  that  each  molecule  of 
Lium  hydroxide  would  eontiiin  only  h.ilf  nn  atom  of  hydrogen  :  this, 
wrvet,  is  at  rariame  with  tliu  fundanientjil  notion  of  atoms,  namely, 
Ihey  are  indivisible.  These  two  atoms  of  hydrogen  are  combined 
•ilh  ■  4|uautity  of  oxygen  weighing  16,  which  ia,  therefore,  the  smallest 
loantity  of  oxygen  capable  of  entering  into  the  reaction  under  oousidera- 


H 

11     0    - 

-     Na     = 

n 

Na 

0    + 

II 

1 

1     10 

23 

1 

23 

Iti 

1 

--  (  :-..  ahall  h'-reafler  find  that  tho  same  is  trne  with  reg.ird  to  «!1  other 
noi^l  reactions  in  which  oxygen  takes  part.      Hence  Ibis  qtiantity 
.11    lii  pari*  by  weight  (hydrogen  la-ing  Uiu  unit),  is  regarded  as 
II,  if  the  atom  of  oxygen. 

.10  weight  of  oxygen  is  not  eqnal  to  the  eqniyalent  weight,  as 

In  iher..»»e  of  chlorine,  but  t<rice  an  rfrptit,  8  parts  of  oxygen  being  tho 

(in»ntitv  which  is  capahin  of  replacing  one  part  of  hydrogen  in  conibina- 

be  directly  sntwtitut.-d  for  it,  as  when  alcohol, 

■•■n,  ^  hyiirogeii,  and  H  oxygen,  is  oxidized  to 

ao'iu   .i>  ■■!  .  -  .  .1  Imn,  2  hydrogen,  and  Ifl  oxygen. 

Irfi  as  n'"'  'be  )iydro;;en-coniiM>und  of  niiro|;iMi,  that  is  to  say, 

nnwi.     T!i  ij,i«i-d  of  1  part  of  hydrogen  unite<l  with  4ij  or  V  "' 

nitrofrn.     Knw  in  this  nnropound  the  hydrogen  i«  replaceable  by  lhild«, 
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or  3  parU  hydropen  with  14  pnrU  nitrogen.     Wht^n  potassinm  is  hea 
in  BUiiiionia  giu>,  a  v<iiiiix>iiii<l  valliol   potasKaiiiiue   is  fornu'd,  in  wbi( 
one-third  of  the  h.vdiogou  ijs  ropluw<l  liy  {xjla-Msiuni.     Another  comiioa 
calltxi  tripotasiiauiiuo,  is  uLsn  kuowu,  consisting;  of  ammonia  in  whii 
the  wliolu  of  tlie  hydrogen  ia  replaced  hy  au  eijuivalcnt  quantity  of  pot; 
sium. 

Tliere  is  also  a  large  claaa  of  ooinpoands  derived  from  ammonia  in  )i 
manner   by   tlie  replneement  of  J,  J,  or  tlie  whole  of  the  liydrogen 
equivalent  qiiantilit^  of  et<rlain  groii|)S  of  elements  ualled  comfxninil  radielei 
(ane  page  238).     Hence,   by  reasoning  similar  to  that  which  was  above 
applied  to  water,  it  is  inferred  that  the  molecule  of  ammonia  eontaina 
atoms  of  hy<lrogen,  anil  that  the  atomiu  weight  of  nitrogen  is  14.     Moi 
over,   in  certain  organic  oompounds,   this   quantity  of  nitrogen  may 
substituted  for  3  parts  of  hydrogen,  or  >,*  nitrogen  for  1  hyilrogen  ;  col 
sequuully  the  atomic  weight  of  nitrogen   is   fAree   times   its   eqnival< 
weight. 

Next  take  tho  case  of  marsh  t/tu  or  mfJiitinf,  a  compound  of  1  part  hvd; 
gen  with  4  parts  cirlKin,  or  4  of  hydrogen  with  12  of  tarlxm.  When  this 
gas  is  mixed  with  chlorine,  and  exposed  to  diffuse  daylight,  a  new  com- 
pound i.s  fornied,  in  which  one-fourth  of  the  hydrogen  belonging  to  the 
uiarsh  ga«  is  replaced  liy  an  equivalent  quantity  of  clilorine ;  and  if  the 
chlorine  is  in  excess,  and  the  mixture  eximseil  to  suusliine,  three  other 
couijiounds  are  formeil,  in  which  oue-half,  three-fourths,  and  all  the 
hydrogen,  are  thus  replaced.     Tho  results  may  bo  tJins  exprcsHt>d  ;— 


ove 

1 

M 


Cnrboo. 
12 


Carbon. 


Methane. 

HydroK*n. 


+       1       + 
Clilororaethane. 
HyilroBco. 


12       -f       1 


Oarlraa. 
12      + 

Carb. 
12 

Carbon. 
12      + 


+       1      +      1 
Diohloromcthane. 

+     '~ 


Chlorine. 
+      35.5 

Chlorlna 


1       +       1       +       35.5       + 

Tricbloromothane  or  Chloroform. 
Hyd.  Chlorine. 

•       1 


35.1 


-f       35.5     -1-     35.5     +     35.5 

Tetracli  loromethane. 
Chlorine. 


35.5 


35.5      +       35.5       +       35.5 


Hence,  by  reasoning  similar  to  the  almve,  It  Is  inferroil  that  the  rao1»- 
oule  of  methane  contains  4  atoms  of  liydrogen,  and  that  the  al/>mic  weight 
of  carbon  is  12.  Mon-over,  as  this  quantity  of  carlxm  can  unite  with 
4x35.5  parts,  or  4  atoms  of  chlorine,  it  follows  that  the  atomic  weight  of 
carbon  ia  e<iual  to  four  times  its  equivalent  weight. 

We  have  thus  shown  in  tUre.>  cases  how  the  atomio  weight  of  an  element 
may  he  detennined  by  the  proportion  in  which  equivalent  substitution 
taki-s  plao!  in  its  compounds  with  hydrogen.  Sulphur,  selenium,  and 
tellurium,  form  hydrogen-cfinipoHnds  exactly  analogous  in  this  respect  to 
water,  the  hydrogen  being  replaceable  by  halves ;  their  atomic  weighu 
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S2S 


tiT,  thrrt'fnr*,  4an\>le  of  tlipir  equivalent  wi-igUta.     Silipon  forms  with 

ml  ounULiiinj;  7  parta  Biticon  with  35.5  parts  clilorimi ; 

■  iirtli  of  till-  oliloriiio  i»  replamatile  by  hydro^teii  ut  tijr 
-~  '    l.t  <jf  Bilicun  iif,  Uiiv  lliat  of  corUm,  equal 
^1.  I,  Ha  utimerical  Tnluijt  being  :!t>.     Tliera 

lilt' atomic  weight  is  eijunl  to  five  timi-s, 

ual  ti.>  Kix  tltue^,  ami  others  in  whieh  it  is  perhaps 
■v  ;    eight  times  tiiu  ei^uivaleut  woiglit :  higher  ratioe 

UTe  not  bveu  ut»«rvoil. 

•  itipposfHl  that  the  atomic  weights  of  elementary  bodies 
"  lieti'TiuiiiMl  in  the  uuuiuer  aWve  desorilk-d.    There  ore 
Ixxls  of  deleriuiniug  their  numorical  values,  as  will  Iw 
I :   and  the  value-s  ohtainod  hy  dilVereut  metluKU  do  not 
.   1  i.aet  agreement;  but  the  ntomio  weights  of  all  the  moru 
|[  foeuta  may  lie  recorded  am  deliuitvly  tlxed  within  small  niuiu.-- 

Th<>  iHiuivaluut  raluu  of   an   element,  or  thu  ratio  of  Ihn 
vklvul  tu  the  atomic  weight,  is  also  sniijei-t  to  some  variation,  as  will 
pr>is«ully  KXpl&inotl,  according  to  the  view  which  u>ay  bo  taken  of  the 
^■■ititation  of  particalar  com]Mmuds. 

The  riUu><a  of  the  atomio  weights  on  which  chemists  are  now,   for  the 
SMt  part,  agn>>^l,  are  given  thu  tablu  uu  page  27. 

Ph^iical  and  Chmical  Jtrhilions  of  Atomic  Weiijhti. 

"       -*   -    ■  _-hts  of  the  pl<"nn*ntary  Ik  idles  exhibit  some  rinnnrknhla 

,'liysioal  properties,  and  to  thu  proportions  iu  which  the^r 

1.  To  the  Speoiflo  Heats  of  the  Elementary  Bodies. — Dulong 
tivl  i'<<tit,  iu  thi;  oourso  ut  Uieir  inveKtigatioiiil  on  Mpeciliu  heat,  olieerred 
Utat,  if  tli>-  speeilic  hunts  of  liodius  Ihj  computed  ujKin  e<iual  weights,  num- 
ined  all  different,  and  exhibiting  no  Kinipio  relations  amongst 
I'lit  if,  inmeail  of  e<iual  weights,  quaiilities  lie  taken  in  tha 
Ih*"  .-itomic  Weights,  the  resulting  sjh'eiDc  he.tts  omieout  very 
at  leaut  in  the  c.i»e  of  solid  and  liquid  elements,  showing 
Lvefllngly  intimate  connection  must  exist  betwuen  thu  relation 
[budiKS  lo  heal,  and  their  chemical  naliirii. 

Ill*  following  table,  the  s<did  and  liqaid  elementary  bodies  are 
■aged  in  til"  oriler  of  their  Bii<>cifir<  heats,  ns  determinerl  by  Regnnult, 
beginning  with  those  whose  i»[>ooiflo  heat  is  the  greatest ;  and  this  order, 
H  will  t>«  olMervud,  ia  the  inverse  of  that  of  the  atomic  weights  in  the  third 
eultunu  :— 


*^-*>^ 
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iSpecifir  lleats  of  ElanfHtart 

Bodies. 

1 

SpeolBo  Beat 

Atomie 
Weight*. 

Product  ofi 

ElemeoU. 

(that  of 

Sp.  Ht«t  )C 

W«ter-1.) 

At.  Weight. 

Lithiiim    .          .          .          .          .   1        (i.n-UIS 

7 

i;..'.:i 

ijudiuiii     . 

0.21134 

2:1 

»i.75 

Aluiuiiiiuoi 

0.2143 

27.4 

6.89      < 

Ph<«ph«ru«{lXf. 

<t.2120 

0.18*17 

}    ='    { 

6.57 
6.85 

Siiliihiir    . 

0.202a 

32 

6.48 

PoloDsiuin 

0.1  U96 

39 

6.61 

Iron 

0.1138 

66 

6.37     ' 

Nickel       . 

0.108(J 

68.8 

6.37 

Cobalt      . 

0.1070 

68.8 

6.28 

Copper               .         . 

0,09.')2 

63.4 

G.04      ' 

Zinc. 

0.0i)5B 

6.').2 

6.24 

Arsfuio    . 

0.0814 

75 

6.10      ' 

Solimium  . 

0.07(12 

7it.4 

6.0a      1 

Bromiui'  (solid) 

0.0843 

80 

6.76 

Pallnflium 

0.05.')3 

I0G.6 

6.31 

Silver 

0.(i:,70 

108 

6.16 

Cmliiiiuiu           . 

0.05«7 

113 

6.35 

Iriilium     .... 

0.0570 

113.4 

6.46 

Tin  . 

0.(».'-|(i2 

118 

6.63 

Antimony          .         . 

O.OJOS 

123 

6.19 

I'Mline 

o.iir,4i 

127 

6.87 

Tellurium 

0.0474 

128 

6.06 

Oold          .... 

0.0:124 

1U7 

C.38 

I'latiniun 

o.oaii 

1!»7.4 

6.15 

M-"ry{Sul.i  :    : 

o.(i;ti:j 

0.tiS33 

I     21KJ       1 

6.38 
6.66       , 

ThAlUuui. 

0.03.35 

204 

6.83 

U-iul         .... 

0.0314 

207 

6.50 

fiianiutU  .... 

0.0308 

210 

6.48       , 

A  comparison  of  tlm  numlicrs  in  tlio  fourtli  colnmn  of  this  tablo  sliows 
that,  fur  a  cuinsiilorablu  iiuuibur  of  vlumeutary  boiliiii  in  the  8o)iil  stato,  til  ~ 
Hpovilio  lioatu  are  vitv  nearly  projKirlioual  t/j  lh«  atomic  weisbtit,  so  tba 
tho  prodnetii  of  tlie  iipi*eilla  heattt  of  tlio  elements  into  their  atoraic  weifihta' 
give  nearly  u  loiiat.iiil  iiiianllty,  tlio  mean  value  U-inj;  6.4,  Tliia  >)uantity 
may  l>o  taken  to  reivriwiit  tlm  atomic  /i«K  of  tlie  several  elements  in  the 
Bolid  Htate,  or  the  (|«aiility  of  lieat  which  must  l>a  imparlefl  to  or  removed 
from  atomie  projxTtions  of  the  several  elements,  in  order  to  produce  e<iual^ 
variation.s  of  teniperatiir<>. 

CarlKMi,  iKiron,  ami  silioon  were  formerly  regarded  M  exceptions  to  tht 
law,  their  atomic  heats,  calcnlat^Nl  from  the  sjteeiflo  heaU  determine<l 
ordinary  temperatures,  lM>ing  oonsiilerably  Ik-Iow  llie  nie.iu  valuu  of  tho 
of  the  othur  elemunts,  as  shown  by  thu  following  table  : — 


ATOMTO    WEIGHTS. 


EIriuenI*. 


Bmob 

f  wocid  durookl 

{erfataUixed     . 
fnsed     .     .     . 


Siwotflo  Heat. 


0.2500 
0.-^15 

o.ao()8 

0.140!) 
0.1774 
0.1750 


Alomla 
Wi'lghK. 


n 


Product  of  Si). 

UentX  Atomlo 

■Weight. 


2.75 
2.90 
2.41 
1.78 
4.97 
4.70 


4t  Weight 

AL  Heat 

28 

5.7 

12 

5.6 

11 

5.5 

F.  Wober  h»s,  however,  lately  shown*  that  tlio  specific  heats  of  those 
thne  budie>mcrea««ra{jiiily  BthigUiT  tftuiH-mtures,  und  that  at  i>artioiilar 
lniMntnres  (about  OOOO  for  carUiii)  they  Iwcome  eoiistaiU,  giving  for  the 
««^~-t-  baals  a  lut-aii  value  of  about  G,  whieli  is  nearly  the  Kuuie  as  that  of 
Mh«r  (Jeoients  u(  ainoli  atuniio  weight,  like  alumiliium  and  phot>i>horus, 

Vkat: — 

Sp.  Beat. 

Silicon  ....  0.203 
C'Arbon  ....  0.4U7 
Boron 0.5 

Th«  «j»eciflc  heats  and  molecular  weights  of  gimilarly  consititutpd  oom- 
'     nds  exhibit,  for   the  most  part,  the   Bame    relation   a»  that   whii-h  is 
red  between  the  siwcific  hsala  and  atuiuio  weighti!  of  the  eU^menta. 

2.  lo  the  CryBtalUne  Forma  of  Compoands. — It  Is  fotjnd  that, 
Ib  mmx  caaes,  two  or  more  eoinjiouuda  which,  from  uhemieal  coiiiiidera^ 
tea,  arc  euppoeed  to  contain  equal  numliere  of  atoms  of  tliejr  rcspeetive 
tfMlMala,  crralalliiH  in  the  same  or  in  very  siniihir  fonuii.  Such  coniiMiundg 
««<aidtohe  uomiriilum:^  Thus,  the  sulphates  constituted  like  iiia(;ne- 
mmrnt  snlphato,  MgSO,  +  711,t.»,  are  isomorphoua  with  the  corre8p<jnding 
"* — — .  MgSeO,  -I-  7I1,0. 

Aonnlingly,  Uiise  iaomorphous  relations  are  often  apjwaled  to  for  the 
fvnoae  of  fixing  the  c<matitution  of  coiniKiunds,  and  theuce  deducing  the 
r-Mitr  weights  of  their  elements,  in  cases  which  would  otherwise  he 
tmUfal.  Thus,  aluminiuiu  forms  only  one  oxide,  viz.,  alumina,  which 
koBpcsfd  of  18.3  parts  by  weight  of  aluminium  and  It!  part*  of  oxygen. 
What,  tlien,  is  the  atoniio  weight  of  alnmiuinm  !  The  answer  to  tliia 
4M*Unti  will  de]>end  uiHin  the  cfinstltntion  assipietl  to  alumina,  whether 
tok  a  monoxide,  seaquioxide,  dioxide,  etc.     Tlius  : — 


I 


Monoxide 

Btsqnioxide 

Dioxide 


AlO 

Al.O. 

AlO, 
AlO, 


o. 

AL 

10 

48 

+ 
+ 

lf.3 
(27.4 
127.4 

32 

48 

+ 

+ 

■3IJ.6 
54.8 

Triuxide        • 

Tk«  nnmbeni  In  the  last  colnmn  of  this  table  are  the  weights  which 

■osl  lie  ai.signed  to  the  atom  of  alnminlum,  acoording  to  the  several  niodirs 

•f  «m«tiltition  indicat<'d  in  the  first  colnmn ;  hut  there  is  nothing  in  tue 

•  •  ition  of  the  oxide  its.'lf  that  can  enable  ns  to  deride  lK.tween  them. 

run  forms  two  oxides,  in  which  the  quantities  of  oxygen  united  wiUi 

•  Ann.  Chlm.  Ptiyt.  IM  vlll.  132. 
t  'Iff,  equnl;  /"*•*••  ^oriu. 
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the  same  qnantlty  of  iron  arn  to  ou«  aiiotlier  as  1  :  IJ,  or  as  2  :  3.    Tlie 
aru  therefore  reganlwl  ad  monoiLiJe,  Fut  >,  aud  Heaquioxulx,  Ki'jOj,  and  i 
lost  oxide  iii  kuuwu  to  be  i-somorplioua  with  alumina.     Consequently,  i 
mina  is  also  regarded  as  a  aesqiuoxidu,  A1,0„  aud  the  atuuiie  weight  < 
aluminium  is  iiilerreii  to  be  27.4. 

3.  To  the  Volume-relationB  of  BlementB  and  Coinpoiinds. — T 
atomic  weights  of  those  elements  whieli  are  kuowu  to  exist  in  the  st 
gas  or  vapor  arc,  with  one  or  two  exeeptions,  proiKtrtionnl  t«  their  sjk 
gravities  in  the  same  state.     Taking  the  specific  gravity  of  hydrogen  i 
unity,  those  of  the  following  gasi-s  and  vajiora  are  expressed  by  uuuil 
identical  with  their  atomic  weight*  ; — 


Hydrogen 
Chlorine 
Bromine 
Iodine 


1 
127 


Oxygen , 

Sulphur 

.Selenium 

Tellurium 


.     16 
.     33 
.     791 
.  128] 


Tlie  exceptions  to  this  mle  are  exhibited  by  /thttiiphoTWi  and  arsenie,  who 
vapor-deiisilies  are  twice  as  great  as  their  at<imie  weights,  that  of  plia 
pliorus   iKiing  62,  and   that  of  arsenic   l.'iO  ;  and  by  mrr<;uri/  and  oatlmiu 
whose  vapor-densities  are  the  halves  of  their  atomic  weights,  that  of 
cury  lieing  1(K),  and  that  of  cadiuiiim  r>U. 

From  tlH"se  relations,  oonsiden-d  in  eonni'flion  with  the  alxive  explain? 
laws  of  combination  by  weight,  it  follows  that  the  volumes  of  any  two  ele- 
mentary gas«  which  make  up  a  couqioHnci  nioleeub',  are  to  one  another  in 
the  saimi  ratio  a.s  the  numl)er  of  atoius  of  the  same  elements  which  enter 
into  the  conijKiund,  excepting  in  the  case  of  phosphorus  and  arsenic,  for 
which  the  uumln<r  of  volumes  thus  determine<l  has  to  be  halved,  and  of 
mercury  and  caduiiura,  for  which  it  must  be  doubled  :  thus — 


The  moltHJuIo  HCl      oontaina 

1  vol 

n  and  1  vol 

CI 

•• 

11/) 

2   " 

H    "     1   " 

O 

It 

'li^ 

3    " 

H    "     1    '• 

N 

11 

"^^            "    {or 

3   " 
6   " 

11   "     i   " 
U    "     1   " 

P 
P 

<t 

C1,A«         "    {,„ 

3   " 
8   " 

CI  "    i   " 
CI  "     1   " 

As 

i( 

Cl,Hg         " 

2   " 

CI  "    2   " 

Ug 

If  the  smallest  volume  of  a  gaseous  element  that  can  enter  into  combi- 
nation be  called  the  combining  volimie  of  that  clement,  the  law  of  combi- 
nation may  be  expressed  as  follows  :  The  rnmttinintj  rolumff  of  ull  tlrnwntnrf 
ifilxt'Jl  iirr  etpiniy  ej-rejithit/  thmr  o/'  phnitphnrus  and  ttrsv.mVy  wkivh  arr  onltf  hiilf 
thone  of  the  other  clrmpiilt  in  the  gusmut  Hate,  and  iJiufr  nf  mrrcaTg  and  cadmimn, 
which  are.  tiouhle  those  of  the  vthrr  elrmtnt». 

It  appears,  then,  that  in  all  cases  the  volumes  in  which  gaseous  ele- 
ments combine  together  may  bo  expreS8e<l  by  very  sinijile  nunibi-rs.  This 
Is  the  "  Law  of  Volumes,"  first  observed  by  Humlxibit  and  LJiiy-Lnssac  in 
180!),  with  regard  to  the  combination  of  oxygen  and  hydrogen,  and  Bft<-r- 
wards  established  in  other  cases  by  Oay-hussao,  whose  observations, 
published  in  his  "Theory  of  Volumes,"  afforded  new  and  independent 
evidence  of  the  combination  of  bodies  in  definite?  and  multiple  proporliona, 
in  corrolKiration  of  that  derived  from  the  previously  observed  pro)iortiona 
of  uonibiimtion  by  weight. 

Oay-Lussac  likewise  ot>serve<l  that  the  prf"luct  of  the  union  of  two 
jra*es,  when  itself  a  gas.  sometimes  retains  the  original  volume  of  ita 
aoaalitaentJi,  no  cwutractiuu  or  uhauge  of  volume  resulliug  from  the  coot* 
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til 


l,..l      11.. I    til,,.ri     .^.>!llrBCtion    tn'r"-      •■!   ..l.i.-l.      ,.     'I.-'    •lUMl   COIU- 

cofujHjiiii  .  ruliu  to 

:   and  guli-    .  m|4<<I  over 

'    uuuitwr  ul   uMupoumlsi,   m^^xiiiu  u»   wi<ll   tm   liwrgaiiic,    lijis 
»-illi  a  fxw  nxo.'ptiiiiin,  pTol)aiAy  oalv  apiuirvul,  llie  m»<rru/r« 
riuuJ  Ux/ic*  in  till  ifiuiMiit  •/!/<«  ufcupif  tu-icr  ihr  volumt  iff  an  itlom  nj  U^ 
gxtA.     No  malti-r  » lial  iu«y  Ih-  tin-  iiiiiiiIkt  o(  alouis  or  vnliiim-f  tlint 
•r  into  Ihu  wiuijiuutiLl,  llir^  itil  bccouio  uioiicnatni  itilu  two  vo1uiiu.-b  ; 


1  rol.  II  anrl  1  rol.  01  form  2  vol.  ncl,  livilroclilorio  acM. 

1  ••     N    ••     1    "     O      "     2   "     KO,  nilr..g.ii  dluxido. 

2  "     H    "     1    "    0      "2   •'     11,1 »,  wat..r. 

3  "     U   ••     1    "     N     "    2  ••     H,.\,  ammonia, 
a   "     U   "    i   "     V      "    2  *•     U.P.  hydrogen  j.hMiphulo. 

Bimilsrly  in  tlie  union  of  wmpontnl  gaxcs,  e,  g. — 

1  Trtl.  «lh/l,     Cjlls,  ami  1  Tol.  CI  form  2  vol.  r,ir,n,      etJiyl  chloride. 
i  "     flliyl,     Cjll,,    ■•     1    ••     (•     "      2   "     {C.ll.jjO.  ethyl  oxid... 


rlht'iii'.   r,ll,, 
eUjeno,  C',ll„ 


(I 
CI 
U 


C.,li/'l„      utlii-tii>rhliirido. 
CjlJ,<>,        ethi<n><  iixido. 


Il  will  ttrosoutljr  be  ehmm,  us  at  least  highly  probablo,  that  thn  molo 
cnW  '"f  an  ili>iin>iitary  f.»*  in  llm  fn-c  slate  is  iii.iile  up  of  two  siloiits,  IIH, 
lor  '■xaiupl''.     Til"  l«w  jtiM  miimiinlMil  riiuy,  thiTcfoni,  U'  gi-iiiT.'iluvd  as 

ff.ti..^.  -        I'i hfulfji  of  (ill  if*i*rt,  tiiitifiU  Of  romptjttiitl,  wi'ttpy  rijaiil  vulames; 

411  f'  tUt  (/tmjt  ntHtaiu  ly/nttt  munli«r»  nJ'  tivttrruiat^ 

■   the    "Law    of  A  vn^fiiilro, "  liaviiij;  bei<n  first  onnn- 
(iist<>l   (in    l.*^!!;   I>y  an   Italian   physiciiit   of  that  name-.     It  \»  i)nit<>  in 
■iBvrrlann' with  thn  oImitvlhI  fact  tlint  all  p<'rfrc't  i;;i«i's,  siuipltn  ami  cotu- 
puaod,  art;  ■■'(Ually  alTm'tfd   l>y  ■•t|iiiil  variutimiit  tif  (ireKsuru  .iml  ti<m(K<ra- 
tarv  ;  ami  indwd  it  may  K>  shown,  l)y  ninllii'niiiticitl  rvationiniu;,  to  follow 
ad  a  tjeivwary  I'oii.fniiii'iicii  from  thr  i>liysii'al  i'"n'-tituti<iii  of  (;a»i*M  a«  I'X- 
platnnl  in  conniption  with  llir  ilynniniiiil  tliwiry  of  Iwftt  f pp.  70— "1)  ;   hut 
tl,.-  .1. .....i.-iraiion  is  not  of  a  natnro  ailapti-d  for  an  I'li'ini'OtJiry  lioik.    Tlui 

1.  wvyrT,  lio  ixumiiliTtxl  a.*  conijiloli-ly  I'st.-ilili^ijiod  by   tlio  rirla- 

\i  .-n  the  tHiTuhiiiinjr  proiiortiona  of  the  el»'nif*ntH  iiy  weigltt  and 

by  mluioi'  as  already  explain"d,  niid  it  is  now  regardi-d  as  alTonlin^f  tho 
*nr.r>i  m-'lliixl  of  fixing  the  nioleculnr  oonstitiition  of  all  conipnnnds  that 
•-■  '  ill  lliK  gasixius  state,  and  the  atomic  wcightii  of  the  utu- 

II  II  tiii-m. 

r'i|.|"'-.     xninple,  it  were  reqnirevl  tn  determine  the  atomie  weight 

-■r  tin.  TIiIh  ini'lnl  forms  »  volatile  i-lilnride  (stniiiiie  ehloriile),  in  whieh 
2ji  '  inri-  l.v  u  lylit  of  tin  are  eomliined  with  S.'i.ri  parl»  of  ehlorine: 
i  I  lie  equivalent  of  tin  in  tlilit  eonipouml.     Now  the  vajMir- 

ri  iiloriile,  or  the  weight  of  one  volume  referrerl  to  hydrogen 

a  iiiri  ;  eiiimeiineiilly  the  wei;;lit  of  two  viiliiiiii'!!  of  the  va|)or  is 

i'.  <  entitaiim  lis  parts  of  tin  and  4X''-'''"'' "r  142of  ehlorine  ;  and 

3  the  ohioride  eoiitainiiig  the  Inriri<«<t  proportion  of 

t'  I  proporlioii  iif  tin,  it  is  regarded  a;*  a  i-oni[ioiiiid  of 

mI  1  at4iin  of  tin,  and  the  atomin  weight  of  tin  is  thus 


4 
f 

A. 

t 

t. 

I!: 


.  1. 1 


i.iii  ili..<  nut  form  any  volatile  rompounds  whiwe  vapor- 

rtained,  Its  atoniir  weight  miiy  \v  delerminiM 

!■.•  to  the  law  of  Itiilong  and  iVtit  fp.  221),  or 

i-  f.  laliiiiis  irith  other  elenienfi,  a''  ntreiidy  i'X\i\t\'vt\e>V  \tv  ; 

iiluiii.     To  glvu  an  I'liBtaucv  of  the  ileteruuivav'tou  i      " 
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atnrain  woiglit  of  tin  dement  soiording  to  its  iipiwiflo  Iient,  wi«  may  ' 
tliB  onaii  of  indium.     This  metal   fonua  a  uliliiride  containing  35.5  part*  ( 
ohlorinv  and  37. (i  parts  of  indium,  wliicli  IhIUt  numlvr  in,  Oifrelorc, 
equivalent  weight  of  the  metiil.     Now  when  indium  was  Ural  di«eovep 
(in  18(13),  tliis  chloride  waa,  for  reasons  wliiuli  net^l  not  here  be  specifl* 
regarded   as  a  iliehluride,  Infl,,  and   consequently  the  ulomiu  weight 
indium  was  supjHJSed  lo  be  7.'>.U.     tjubsequenll.v,  however,  Uuuseu  shuw^ 
that  the  speeilio  heat  of   indium,  referred  to  the  unit  of  weight,  is  O.OSr 
and  tliiii  numlmr  multiplied  by  75. tj  gives  for  the  aUimie  heal  the  nnmii 
4.5,  which  does  not  agree  with   the  law  of  Dulong  and  i'otit ;  but  if    ' 
ehloriile  be  regarded  as  a  trichloride,  MC1„  making  Iho  atomic  weight  4 
the  metal  equal  to  three  times  its  wjuivalont  weight,  or  113.4,  the  at 
heat  iK'Couie.'i  G.15,  which  agrees  very  nearly  with  the  general  law.     Til 
uumbur  H3.4  is,  therefore,  now  adopted  as  the  atomic  weight  of  iiidiuu 

Specijic  or  Atomic   Volume. 

Thpse  terms  denote  the  quotient  obtained  by  dividing  the  molconli 
weight  of  a  body  by  its  spwilic  gravity.      Now,  from  the  law  uf  cundeuii 
tiou  in  the  combination  of  ga-sitg  above  detaile<l  (p.  228),  it  follows  tlu 
the  Mprrijir  i/niriti/  of  any  (^mjHiii»H  t)as  or  iiipor^  rejerreil  to  htftlrotjrn  its  unii 
is  fi/tuU  to  htilf  ilM  ntotiiU:  or  mnft-culttr  xrviijht :    hence  also,  ttif.  sjirrific  viiiu 
of  coMi*ontni  tfnxrs  or  fiijtorSj  re/crnvi  to  that  of  htftlrotjen  as  unitif  tirr,  wiiJi  aj 
escr/Mioiis,  n/uii/  to  2.     It  will  presently  be  shown  that  the  same  law  appli 
to  tile  specific  volumes  of  the  eleuiiuitary  gases  themselves. 

Some  uom|>ounds,  however,  exhiliit  a  dejiarture  from  this  mio,  thfl 
olwerved  spwiHo  gravities  Iwing  equal  to  only  one-fourth  their  molecnl 
Weights,  or  their  molecules  occupying  four  times  the  volume  of  an 
of  hydrogen.  Such  is  the  case  with  sal-aiumoninc,  Nll,t'l,  pboBphoras" 
]H-nla(!liloride,  I't'l,,  sulphnrio  oi-id,  ll,S(i,,  ammonium  bydrosulphide 
(N11,)SH,  and  a  few  others.  This  anomiily  is  probably  due.  in  .some  at 
least,  to  a  deo(m»position  or  "  dissoeiatiou"  of  llie  comiHiuml  at  the  high 
temperature  to  which  it  is  subjected  for  the  tleleruiiiiation  of  its  vajwr- 
density  ;  Nll,('l,  for  example,  splitting  up  into  Nil,  aud  UCl,  each  of  which 
occupies  two  volumes,  and  the  whole  therefore  four  volumes;  and  in  lik« 
manner  H,St),  mav  be  sup|M>s«l  to  separate  into  11,0  aud  SO,  j  PClj  i 
rci,  and  CI,;   (Nil,).SH  inU>  Nil,  an<l  11,S,  etc. 

Un  the  other  hand,  some  sulMtanc4-8,  Ixith  simple  and  compound,  exhi 
at  temperatureH  not  far  above  their  Uiiling  jKjints,  vapor-ileusitim  tsv 
siderably  greater  than   they  should   have  aciH)rding  to  the  general    la»r? 
whereas  when  raised  to  higher  teui[ierature»  they  exhibit  normal  va))or 
densities.     Thus  sulphur,   which    boils  at  440O,  exhibits  at   ItHH)^,  lik 
olomentary  gases  in  general,  a  vapor-density  iH|ual  to  its  atomic  weight 
vl».,  32;    but  at   tMIO  its  va]M)r-<lensity  is  nearly  thr<*«  times  as  gre; 
Again,  acetic  acid,  t',ll,(),,  whose  molwular  weiglit  is  24  +  4+l(l^(i 
hits,  at  teni|>eratures  conaiilerably  above  its  Imiling  point,  a  va|K>r-dens 
nearly  equal  to  31) ;    but  at   TilO  (S  degrees  alxivo  its  Niiling   point) 
va)K>r-density  is  rather  more  than  45,  or  1^  tiuii-s  as  great.     This  anomal- 
ous ini'rease  of  vapor-ilensity  app<>ar8  to  take  place  when  the  sulistan 
approaehtts  its  liquefying  ]>oiiit,  at  which  also  it  exhibits  irregularities 
its  rate  of  expansion  and  contraction  liy  variations  of  pri«iinre  and  tern 
rature — jit  which,  in  short,  it  iK-giiis  to  Indiave  itself  like  a  liquid  :  but 
higher  temperatur^^8  it  exhibits  the  physical  cliaraefers  of  a  perfect 
aiid  then  also  its  si)eoiflc  gravity  becomes  normal. 

S/trf(/ic  Voiitntfit  o/' Liijuitis  null  Siiiih. — The  following  table  exhibits  ti 
Rpecifiu  volumes  of  those  solid  and  liquid  elements  whose  specific  gravitli 
Jjjiri'  In'fii  ili-lfnmw'il  with  sutlicienl  accuracy.    The  ehnu-nts  are  arrang( 
/n  thv  order  of  thrir  spt-ciflc  volumes,  tH-giuumg  V!\t.U  Uie  smallest : — 
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SjHxi/ic  t  t'lumis  u/^  »i/(V/  iiiul  Liijuitl  A'lcpienti, 


» 


». 

■  .nn^i 

Atomic 

tipi*etBc 

KprclHe 

w 

■'■"•i 

W<l«lit 

tjntirlly 

rolome. 

,  ««r/i</- 

Mercury,  U- 

'  .       ■ 

12 

3.52 

3.4 

quid  .     ,     , 

200 

14.8 

14.8 

^i;  Ilium 

0.4 

2.1 

4.4 

SulpUar,   tri- 

Kftwu,    M 

mririe    .     , 

32 

2.07 

15.3 

^^MNfiMnM  • 

n 

2.3 

6.2 

Tnihiim     .     . 

113.4 

7.4 

15.3 

Kicd  .     .     . 

58.8 

8.6 

8.8 

Phoeiiliorus, 

^BiiiaaMe 

55 

S.03 

6.85 

r«/   .     .     . 

31 

1.94 

15.8 

Bbiut      .    . 

58.8 

8.50 

7.0 

SaljiUnr,  mo- 

^HpU        •      *      > 

5fl 

7.8 

7.2 

mtctinic  .      . 

32 

1.98 

16.2 

63.4 

8.95 

7,2 

Tin       .     .     , 

118 

7.3 

16.2 

BSoininm 

52.2 

7.01 

7.4 

Hi'Iiminm, 

Mlinm      .     . 

11)8 

21.8 

8.1 

yninular      . 

79.4 

4.80 

16.4 

PUtinnm  . 

197.4 

21.5 

9.2 

Phonnliorua, 

tine      .     .     , 

(i5.2 

7.1 

9.2 

gel  ouj     .     . 

31 

1.84 

16.8 

ftlla'liiUD       . 

lOti.O 

11.8 

9.2 

Antimony 

122 

«.7 

18.2 

■■  ^■■•m   .     . 

]i>4.4 

11.0 

9.4 

Lt-nd    .     .     . 

2ti7 

11.33 

1S.3 

•     • 

10(5 

10.5 

10.2 

SvU'iiiiini, 

.     •     • 

111!) 

111.34 

10.2 

ttmurphoM  • 

79.4 

4.28 

18.4 

Alumininm    . 

27.4 

2.67 

10.2(J 

Tellurium      • 

128 

G.2 

20.6 

WnlrMo. 

I  Bismuth   .     . 

210 

U.8 

21.2 

1      -          •          ■ 

96 

8.6 

11.1 

8o<lium     .     . 

23 

0.97 

2:1.7 

Cnlcium    .     . 

40 

1.58 

25 

28 

2.5 

11.2 

Iixlini) .     ,     . 

127 

4.95 

26.7 

UlkllUB)       .       . 

7 

o.sn 

11.9 

j  Hrominv,   li- 

Cadiultim  .    . 

112 

8.7 

13.0 

ilHid .     .     . 

80 

3.19 

25.8 

DrBitinm    .     ■ 

240 

18.4 

13.2 

Clilurine,   li- 

Af»'  ni.         .      . 

75 

5.(S3 

13.3 

ffititl  . 

35.5 

1.33 

26.7 

M 

Strontium 

87.6 

2.54 

:M.4 

24 

1.74 

13.8 

1  f'oluiUiium     . 

39.1 

0.8U 

45.6 

n  the  tliird  rolnmn  of  this  table  do  not  exhibit  thp  sim- 

II  wliieli  exists  botwot-n  llii"  specific  volumes  of  g.-iseous 

.[!•,  indeed,  geversl  causes  which  interfere  with  the  exist- 

j  >t  ii'ost  with  the  oli'^ervation,  of  such  simple  relations  Ivtween 

;-lfle  viduinesof  Milid  nuil  liquid  elemuntH.     In  the  Crst  plnee,  the 

,1.  '   three  of  them,  mercury,  bromine,  and  chlorine,  are  guoh  aa 

).  ■  m  \u  the  liquid  Alate,  whereiui   the  Uenuities  assigned  to  all 

tl  '  '   t    I  I  iin<'<l  in  the  acilid  .state.     In  solids,  mori'uver, 

•  I  d   by  (he  state  of  aggregation,  whether  irys- 

II  dimorphous*  Uwlies,  each  form  has  a  density 

lis  sidids  And  liijuids  are  varionsly  affected  by 

r  rate  of  ■•xpansion,  and  that  rate  iH'ing  dif- 

l.'rent  t4.mper»ture«,  it  is  not  In  lie  oxjiectwl  that  their  specific 

•lid  exhibit  Hiinplc  relations,  unless  they  are  compared  at  teni- 

:   which    they  are  similarly  alfertol  by  heat.     Kven  gasi-s  aro 

^liiliil  ubnoruinl    siKH'ific  voliim'-s  if  compared  at  temjierntures 

'  wliirli  tlh'V  fi;ii<><  into  the  li<iuid  Htato.      In   lii|uM8, 

•  if  >.[iiclli<    v..linnc  are  found  at   tliosi'  lenipeiutuii'S 

,-  (if  till'  supiirs  are  equal  (Kopp)  ;  nnd  in  »oliil«,Uv4 

I,  nUt  atv  uiutl  jirolvil'ljr  ihv  compiurAbUi  \<dxu\>titi,\\i,xi!b.    ^uw '' 
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VOLUMES    OF    SOLID    AND    LIQUID    COMPOUNDS. 


Molecular 

Si'cclflo 

Spcciflc 

Wflgtlt. 

grnvlty. 

volume. 

147.(i 

3.00 

41.0 

2t57 

6.47 

41.3 

sppcifio  gravities  of  most  of  (he  solid  elvments  in  tlie  preceding  table  liii' 
Imhmi  det<Tiiiin(>d  at  ini'.-m  teinperaliirrs  (iis  at  15. 5^1  C.,  WOO  K.),  wliicli 
the  i\anr  of  jxilnsisiwiii,  M>diiiiii,  |ili<<^|ih<>rui>,  and  a  few  otiiers,  du  not  dilCtl 
greatly  from  the  melting  {lointH,  liiit  in  other  cas<>M,  as  vrith  gold,  platinui 
iron,  etc.,  are  removed  from  the  melting  points  by  very  long  interval 
In  iij)ilc,  liowever,  of  these  oausea  of  divergenoe,  the  speciUc  volume* 
certain  analogous  ehineiita  aro  Tery  nearly  equal  to  each  other  :  vii.,  thi 
of  seienlum  and  sulphur;  of  chromium,  iron,  rohalt,  coppt-r,  tuang.in 
and  nickel ;  of  molylxienum  and  tungsten  ;  of  iridium,  platiuum,  palli 
diuni,  and  rhcKliuiu  ;  and  of  gold  and  silver. 

Spfcific  Voliimis  iif  Silul  iiiiJ  Lii/uid  Comftuunilt. — The  most  general  reli 
tion  that  has  been  oliservetl  between  the  siH-cific  volumes  of  solid  coi 
pounds  is,  that  Uoworiiituug  a»nf*iiHiuh  /tufe  rtjual  xjteci/ic  t:olum*ji^  in  oth 
words,  that  their  deusitii-s  are  proportional  to  their  molecular  weigh 
such  is  the  case,  for  exunipli-,  with  the  native  carbonates  of  atronti 
(stroutiauite)  aJid  of  lead  (cerussite): 

ForniuU. 
SrCO, 
PbCO, 

If  the  orystallino  forms  are  only  approximately  similar,  the  sjieoiflo 
umcs  also  are  only  a]>proximately  eijiinl,  the  difl'ereuce  being  less  a»  tl 
angles  of  the  two  crystalline  forms  are  more  nearly  ei|ual  and  their  ax: 
more  nearly  in  the  same  ratio.  In  dimnrphous  L'oiiipouurl:',  each  luodifi 
liou  has  a  density,  and  therefore    a  si^'cific  viilunic.  peculiar  to  itself. 

The  hydrateil  suljihates  of  magnesium,  zinc,  nickel,  cobalt,  and  iron, 
which  have  the  geucral  formula,  M"SO, -)-  "HjU  (M"  "lenotiug  a  bivalent 
metal  :  see  next  page),  and  crystallize  in  similar  forms,  have  specific  vol  ^ 
tiim«  very  nearly  cqtial  to  14G  ;  the  double  sulphates  isomorphous  wi 
potttssio-cupric  sulphate,  K,<.'u(SO,),  +  UU,0,  have  specific  volumes  roHj 
ing  lielween  198  and  216  ;  and  the  alums,  e.  g.,  K.\l(SO,)...  +  1211/},  ha 
specific  vfdumes  ranging  between  276  and  281. 

The  aj>ecilic  volumes  of  liquid  i«mpound«  have  iK'en  studied  chieHy  with 
relation  to  organic  TOnipoumls.  The  mi»t  general  relation  oliserved  is  that : 
L/iJ/'rrenret  o/'  sfiecijic  mlurnrs  are  in  niiiiifrous  initancei  /iroportinnal  In  llie  diff'rr- 
enres  hetwpf.H  the  (ttrrrsftunilitif/  rJteniinii  Jormuiie,  Thus  liquids  whose  formuln 
differ  by  nCH.,  didcr  in  specific  volume  by  h  times  22  ;  for  example,  methyl 
formate  CH.,.t'110^,  and  ethyl  butyrate  (:,Hj.(.\H,0„  which  ditfcr  by  4t;ii„ 
have  specific  volumes  differing  by  nearly  4  X  22, 


■It 

i 


Atomicil y,    Quantivalenee. 

Wo  hare  aeen  that  the  atomic  weight  of  an  element  is  In  some 
equal   to  its  equivalent  weight,  in  others,  twice,  three  times,  four  tinn 
vU;,  as  great  as  the  (sjuivaleiit  weight  ;  in  other  words,  an  atom  cvf  pc" 
4'lenienla  can   replace  or  1«  substituted  for  only  one  atom  of  hydrogen,' 
whereas  the  atoms  of  other  elements  can  replace  1,  2,  3,  4,  etc.,  atciiiis  of 
liyilrogen.     Thus,  when  smlium  (lissolves  in  hyiirochlorio  acid,  each  atom 
of  sodium  replaces  1  atom  of  hydrogen  ;  but  when  line  dissolves  in  the 
auu«  acid,  each  atom  of  zinc  takes  the  place  of  2  atoms  of  hydrogen  :  thiu 

Na    +     IK'l     =     NaCI     +     H 
Zn    +  21111    ==   ZnCl,    -j-     If, 

Here  it  la  seen  that  an  ^Una  of  zino  U  equal  in  combining,  or  aatnrali 
jsiwer  to  2  atonm  of  hydrogen.  In  like  manner,  antimony  and  bismu 
/iir/u  IrichlurUics,  /llt'lj  and   BiCl,,  in  which  the  Bt4>ui  of  the  tui'tal   per- 


imes^l 
rlaiJH 
'— -n, 

of 

im 

he 
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nipal  fnnclioD  as  3  atoms  of  hxilrogen,  that  id  to  sty,  it 

iilorini- :  soalHii  tin  ill  tlie  U-traoliliiriit<!  is  eijuivnluiit 

-  iu  lliu  |>ontai-lili>riilL-,  PCI^,  to  611. 

■  I   I  ■iiiivali'iil,  (xiiubiiiia^',  ur  Kuliirnliiif;  {viwcr  ix  railed 

'■    f>r    aloiuici t V,  and  is  souictiimxi  (ii-not«'(i  liv  j>lut'in|{ 

uuuuTuU  to  the  right  of  tlic  ^.viubul  of  an  rlt'iiirnl,  niiil 

ii  lb*  xop,  aa  U",  B"',  C,  etc. ;  and  Ute  suvDral  cleuiuubi  are  desiguaUxl 


TTnlvnlont  olcmrats,  or  Monads,  i 
Bival<!iit  "  U.vada, 

Trival.-nl  '*  Triads, 

Quadrivalent    "  Tc-tradg, 


H 

O" 
B'" 


Uuiiii|uivalfUt  " 
Sexvali'ut  " 


I'.ntods,  "  P' 
Huxads,   "  W* 


1  of  evnn  pqnivalt-ncy,  vix.,  the  dyads,  tetrads,  and  hosads,  are 
i1b'  rn.tniirtl  under  tho  pi'ntjral   lorm  artisds,*  and  th<im>  of  uneven 
Til.,  the  muuads,  triada,  and  pentads,  are  deaignated  gune- 

r  •  I  <)  K  S  d  9 .  t 

.(1  of  indicating  the  pqnivalent  valucR  of  tho  i-lpraunlary 
I'  i.nnncr  in  whiih  tlir.v  arc  sntijifiiNl  liy  cunihinati<>n,  is  to 

->Ih  in  diiiKruma  in  wliicli  mrli  I'lniirnt  i»  (vinniTti^d  witli 
lM!r  of  lin«?s,  III    i*«inniH:ling   iMindii  (*iirri*tt[xiiiilinK  witli   its 
_^-  -  _;      ,  _■      li-nii" ;  a  looiiail  iH-ing  «inno<7l(<d  with  other  cli'mcnt.s  by 
«Bly  <MM  ■■ell  bond,  a  triad  by  three,  a  hoxad  by  six,  etc.,  aa  iu  the  fol- 
1—Ith  exain|>lra : — 


I 


Carbon  dioxide,  CO,     . 
Ammoniain  chloride,  NIIjCl 


II— IT- 

n 

H 


,n 


u>"<„ 


Snlpharic  oxide,  SO, 


S=0 


Salphorjo  acid,  n^« 


Nitric  acid,  UNO, 


Zino  nitraio,  ZnN,0, 


H— O— *l— 0— H 

0 

II 

N— o— n 

I        " 

N— O— Zn— 0— N 


•  «>TMf,  ♦Ten. 
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t  n»»/rr-;f,  tioeven. 
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ATOMIC    TUEOat 


It  must  bo  disttuctly  anderatooii  that  these  formnls— whidi  ve 
graphic,  structural,  or   vunstitutioual   foriuulw — are  not 
tt<niit<d  to  rupreseiit  the  actual  arraiigemeut  of  tho  atoiuii  in  a  eoiu|Kiui»i 
indocd,  even  if  wc  lia<l  a  distiuct  uotiuu  of  the  luauiu-r  iu  wUiuli  thu  atim 
of  any  ixitup<iuQd  ar«  arrangi<d,  it  I'ould  uol  bn  a<lf<|uatoly  rcprt-soutwl  i 
a  pl.'iiiK  Hurfacu.     Tin-  limticounet'tiiig  thu  diUcri-ntutouid  iudiualv  nuttiinj 
moru  thau    tho   number  of  units  of  iijuivalfncy   U-lnnging  to  ihi-  bi'Vi-ral 
atouis,  and  th«  niauuL-r  iu  which  tht-v  are  clinposwl  of  by  combinaliuu  wiU 
thoKu  uf  otlit-r  atoms.     Thus,  the  formula  for  nitric  acid  indicates  that  t% 
of  the   three  constitueut   oxygen  ntouis  are  combined  with   the  iiitniga 
alone,  aud  aro  eousuquently  attached  to  that  element  by  both  tlieir  uiiitl 
of  e<iuival<mcy,  wheriios    the    third  oxygen  atom  is   combined   both  witf 
nitrogen  aud  with  hydrogen.* 

By  insp(<vtiou  of  the  preceding  diagrams,  it  will  Ira  observed  that  ere 
atom  of  a  compound  has  each  of  its  units  of  equivaieiioy  satuilied  by  com" 
bination  with  a  unit  belonging  to  some  other  atom.     Such,  indi-ed,  is  Uie 
case  in  every  saturateil  or  norni.'il  compound.    Acc^trdingly,  it  is  found  tha 
In  all  such  coniiKmnds  tlie  sum  of  the  perissad  elements  is  always  an  evo 
numlwr.     TIium,  a  louipntind  may  e<intain  two,  four,  six,  etc.,  monad  atouii 
as  CtU,  Oil,,  Cll,,  C,ll,,  l':,il„,  SilljCI ;  or  one  monad  and  one  triad  atom, 
as  BCI, ;  or  one  pentad  aud  live  monads,  as  NU,C1 ;  but  never  au  uneven 
number  of  perissad  atoms.     This  is  the  '•  law  of  even  numlx-rs, ' '  announced 
some  years  ago  by  (ierhardt  and  Laurent  as  a  result  of  observation.     It 
was  long  reoeivwl  with  doubt,  but  bos  now  been  confirmed  by  the  aualyai^H 
of  BO  many  well-ilelin'Ml  com|>ounds,  that  a  departure  from  it  is  loukeil  upu^^| 
as  a  sure  indication  of  incorrect  analysis.  ^B 

For  a  similar  reason,  the  atoms  of  elementary  IxKlies  rarely  exist  in  the 
free  state,  but,  when  separated  from  any  i-ompound,  tend  to  combine  with_ 
other  atoms,  either  of  the  same  or  of  some  other  element.     Perissad  el«^ 
incnts,  like  hydrogen,    chlorine,  nitrogen,  etc.,  separate  from  their  coifl 
pouuils  in  pairs  ;   tlieir  molecule  Lxuitains  two  atoms,  r.  g.,  II — II.     ArlinU' 
elements  may  unite  in  groups  of  two,  three,  or  more  ;  thus,  the  moleeulu 
of  oxygen,  in  its  ordinary  state,  probably  contains  two  atoms,  that  of  oiou 
threo  atoms  ;    thus — 


ha^ 
va|^B 
ui^H 


Oxygen 
Ozone 


0=0 
0—0 

V 


TTie  tendency  of  elementary  atoms  to  separate  in  groups  is  shown  it 
various  ways.     Thus,  when  copper    hydride,  C'u,ll,  (to  l>e   herealter  de 
scribed),  is  decomposisl   by  hyitrocliloric  ucici,  a  iiuaiitity  of  hydrogen 
given  oir  e<iual    to  twice  that  which  is  ooutained   iu   the  hy<lrido  itself  j 
thus — 

Cu,ll,  4-  2UCI  =  CujCl,  +  2iIU. 

This  action  is  precisely  analogous  to  that  of  hydrochloric  acid  on  oaprou 
oxide  : 

CujO  -f-  2HC1  =  Cu,Cl,  +  n,o. 

•  For  IpFturexnd  plii««llluiitriitlon.»nIlcl  dlittrrama  «re  eonntrurtful,  with  wooden 
DDlli  of  varlouK  oolnra,  to  rpprc»ent  the  alomit,  hnvliiK  luilpii  fur  the  insertion  of 
connectiDg  roiH  j  thene  reiirpBcnlnllona  srp  rnlleil  glyptic  formvla.  Ohjrctlon  la 
■oinetimes  mmle  to  the  ui>e<iriuoh  Illustration!',  on  the  Krnunil  that  Ihrr  mlirht 
lend  the  pup.b  lo  ImsRine  thnt  the  stoma  formlnn  n  molrfule  are  artually  con- 
nected loBPiher  liv  material  honUn  A«  well  inljrht  otijoptloii  ho  taken  to  the  uae 
01  nu  artlllclalrlntvelnleachlnii  iteocraiihy  and  ai.trononiv.  lent  Iho  aliideot  ahould 
mcquire  furiou,  uotloiia  about  llie  brazen  meildian  and  moaitca  borUua. 
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I,    .1      1-..,..  ....p    .1,,  i.,.,i-. -r-H  Bppnrntocl  from   lli»   hyirwlilorii;  ariij 

r  Willi  liyilrogoii.     Akbiii,  wlivii  ioluliuiis  i 

l!  .  ..  ,.: _ :         ,     .   !i  10  w.'iil  UP"  uiiX'il,  llio  wluile  ol  the  iui-  j 

(■bur  1«  iir<w:tpit»u«l : 

U^,  +  2H^  =  3U,0  -f  8.S,. 

\ha  action  being  Buailar  to  that  uf  gulpliuroas  acid  on  selijnhydrio  noid:—  | 

U^,  +  2H,S.-  =  311,0  +  S.3o,. 

In  llic  one  cose,  a  salphitle  of  seU-iiiuni  b  priTiiiilntn)  ;  in  t1i«  other  A  huI- 
"f  guljiliitr.  The  precipitatiuu  of  iiidiui.',  which  tnlcm  pl&rc  on 
J  hrilriudiu  ariil  with  iodic  uvid,  olTurtlg  a  Bimil^r  iusUiuco  of  the 
iiUuiAtiou  of  hniungcm-ouH  nt^iius : 

5111         4-         mo,       =:        3H,0        +         311. 
Uytltlotllc  acid.         Iodic  aold.  Water.  Free  lodloe. 

Anothrr  strikiiis  illiiittrati'in  of  this  mode  of  action  is  nffiirdiMl  by  flio  re- 
dai-ttoii  of  ciil.'iiii  ttiHlttllir  uxi>U«<  l<y  livilroKdi  ilioxi'li'.  Whon  silver 
nxiil<>  M  tlin^WTi  tiil<i  tins  liiniirl,  waliT  is  fnrim'il,  the  silver  is  ruililunl  lo 
the  mctalli':  vtalc,  iind  a  quantity  of  nx.vgou  is  vrolvvd  equal  to  twice  that 
Wbkik  is  contaiued  in  thn  silver  oxiJe  : — 

Ag.O  +  n,0,  =  11,0  +  Ag,  +  00. 

TnrilK-r.  clpnientarv  bodi(w  frcqufnitly  act  ujmn  others  n»  if  their  atonu 
«  it«J  ill  binary  prou])s.     Thus  chlorine  ai.ting  u|X)n  potassium 

n\  •  two  couiKiancU,  tbo  chloride  and  hy(>ocUlurite  of  putaasium 

OCT  +  KKO  =  KCl  +  KCIO. 

Again,  in  the  action  of  chlorine  up<iu  many  organic  comjioundg,  one  atom 
nt  '-hi'-'rinc  n-movcs  one  atom  of  liy(lrof;-:n  n«  liyiinx-liloric  nciil,  whib-  iin- 
Kt  'if  chlorine  talteei  the  pltti'e  of  tiie  hydrosfeu    thua   removed. 

>  .  ill  Lhe  formation  of  vliloracetic  acid  by  tlio  action  uf  chlorine 

OB  Bf.-ii.'  mid  : — 

IRU     4-      CjAjClO, 

Oblorscetio  aold. 


r.ii.ii      +  cici 

Aeei'lc  acid. 


SitnllBxly,  when  metallic  sulphides  ozirlize  in  the  air,  both  the  metat 
mnd  Uie  Milpliur  combine  witli  oxygen  ;  and  sulphur  acting  upon  potash 
turns  totli  a  sulphiile  aiul  a  tbiosulphate.     In  all  thcsu  cases  the  atoms  of 
jj,-.  .1. ...  ...  .^.    i-«lica  act  in  pairs. 

lion  tbitt  the  molecules  of  elementary  Ixidies  in  the  gaaa- 

«.  lie  up  of  two  atoms,  the  specific  volumes  of  tliese  goHes 

lie  uD<icr  the  same  law  as  th.it  which  npplii.>8  to  compounds  (p.  230)  : 

ii.iv  th'-n  \m  stateil  geucrally,  tiiat,  with  the  few  exceptions  already 

"■■  f/rttvitirs  oj'  alt  l»Mtit*y  ximjtie  tinti  comfifmiui^  in  t/te  ijtucmut 

l"Ul'  their  ninlmiliir  ireiijlitii ;  or  the  »ptr{tic  niliimrn  (the  quo- 

'    r  weiglits  by  the  specific  gravities)  arr,  n/iuil  M  '2. 

two  elements,   njiiinOy,  phoi>|>iiorti9   and    arsenio, 

;rc^  liillicrto  attaineil  exiiiiiit  a  vftiKir-deiisity  twice 

a-  (hey  should  have  nc"iiriling  lo  the  general  law,  that 

t.'  Iwnys  Ii2,  and   that  of  arsenic  l.iO.     This  has  bit-n 

I'-.  'J.  that  the  iiiolceule  of  rach  of  these  two  eli-menta 

In  I  ins  four  atoms  instead  of  two,  as  is  tlie  ca-ie  with 

ri  t<u<ii<'S  ;  thus  the  molecule   of   phosphorus  is  Hupi>osed 

!•  '  I'/  the  formula, 

III     III 
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Variation  of  Equifalrne.)/. — MultivMent  t<Iemont8  oft«n  pzhibit  Tiryin 
dt<grc<«8  u(  o(|Uivali-ncv.  Thuii  uarliuii,  whivh  is  quailrivaleiit  iu  iiiarHh 
glut,  <'H„  au(t  in  ™iliou  ilinxidi",  CO,,  is  only  InvaU'ut  in  c*rtMiu  mouoxiJo, 
CO  ;  nitrogen,  wliicii  in  (juinquivalent  in  hal-aiuuiuniac,  Nll/."1,  and  the  otlia  ' 
&uuuuniiini  baits,  and  in  uitrogi-n  piintoxidu,  N,U^,  is  trivali-nt  in  uninionia 
Kllj,  and  in  nitru|-i<u  trioxiilu,  N,(Jj,  and  univaU-nt  in  nitrogen  momixid 
N,0;  Bulijliiir,  also,  wliioli  is  sexvalent  in  auljihur  trioxide,  Sli,,  is  qua 
rivalt!Ut  in  sulphur  dioxide,  SOj,  and  bivalent  in  hydrogen  sulphide,  11^ 
and  in  many  metallic  sulphidos.  In  these  cai<e«,  and  in  others  of  varyia 
wiuivaleni-y,  the  variation  mostly  takos  place  by  two  units  of  etjuivaleni-J 
It  is  not  very  easy  to  awuunt  for  these  variations  ;  but  it  is  olxM-rved  in  all 
oaaes  that  the  cumiiouiids  iu  which  the  i^juivaleney  of  a  polygenic  elenieot 
is  most  completely  sntislied  are  more  slahle  than  the  others,  and  that  tli( 
latter  tend  to  pass  into  the  former  by  taking  up  tlio  required  numlieri 
univalent  or  bivalent  atoms  ;  thus,  earlion  monoxide,  t'C>,  easily  takes  u| 
another  atom  of  oxygen  to  form  the  dioxide,  (X>, ;  nitrogen  trioxide,  N,<^ 
is  readily  converted  into  the  peuloxide,  N,Oj ;  ammonia.  Nil,,  unit 
rea'lily  with  hydrochloric  acid  to  form  sul-amniouiac,  NH,fl,  etc.  Siuiila 
phenomena  are  exbibiled  by  many  orgaiio-melalliu  bodies,  ab  will  be 
plaini^d  further  on. 

Krom  this  it  seems  most  probable  that  the  true  qn&ntivalcnce  or  atomic!^ 
of  a  jiolygenic  element  ia  that  which  corresponds  with  the  maximum  nnii 
lier  of  monad  atoms  with  which  it  can  combine,  but  that  one  or  two  paifl 
of  its  units  of  ecjuivalenry  may,  under  certain  circumstances,  remain  im' 
saturated.     Whether  a  saturated  or  an   unsaturated  coni)>ound  is  formed, 
will  dejM-nd  on  a  variety  of  wmditions,  often  in  great  measure  cm  the  re^ 
lativu  quantities  of  the  acting  substances.     Thus  phosphorus,  which  is  { 
pentad  element,  forms  »vith  chlorine  either  a  trichloriile,  PC'l,,  or  a  jient 
chloride,  PCI,,  aooordiug  as  the  phoaphorua  or  the  olUorine  is  iu  exca 
(p.  21!)).« 

In  voinpounds  containing  two  or  more  atoms  of  tbe  samn  mnltivaWn 
element,  one  or  mure  units  of  equivalence  iM'longing  to  each  of  these  »t<ji 
may  be  neutralize<l  by  combination  with  llwse  of  another  atom  of  the  sn 
kind,  so  that  the  element  in  question  will  appear  to  enter  into  the  ixm 
pound  with  less  than  its  normal  degree  of  injuivalence.  Thus  iu  4'tlianfl 
or  dimethyl,  Cjll,,  which  is  a  perfei-tly  stable  comixmnd,  having  no  tend- 
ency to  take  up  an  adilitioual  nunitier  of  atoms  of  hydrogen  or  any  other 
element,  the  carlmn  appears  to  1h>  trivalent  instead  of  quadrivalent ;  simi- 
larly in  propane,  CjU^,  its  wjuivalence  apiM>ars  to  be  re<luc«'d  to  J  ;  ami  in 
quartnne  or  diethyl,  C,H|„,  to  J.  In  all  these  cases,  however,  the  diminu- 
tion of  equivalent  value  iu  the  carbon  atoms  18  only  apparent,  as  may  be 
Been  iu  the  following  formuLi! : — 


Ethitne. 
H 

I 

I 
H— (■— II 

i 


Propane. 

H 

I 
1I_C_H 

I 

H— (  — H 


A 


t>t,  more  aborlly,  omitting  the  pqnivalent  marks  of  the  monad  aton»  :— 
*  Sifritho  Erienmey  cr,  I.rhrbuch  rter  orgM\V»c\\fn  W«»V»,^  «1. 
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Sthtne.  FrojNiaa.  QaarUno. 

CU.  CjH,  CH, 

tfl,  CU,  c'u, 

CH,  CU, 

(JH, 

to  wuili  of  these  rompounda,  every  carbon  atom,  excopt  the  two  outjii])) 

•  .  of  its  uuiis  of  cHiuivalwuwsalisUwl  by  uuuiliiniitiun  with  tbi«a 

Noriiig  uarbon  atoms,  wliile  cutli  of  tUe  two  exterior  on«i  hoe 

•'■■'■  fiatihlioU.    Ur.iKV,  in  auy  similarly  oontititutnl  voiuponiitl 

»"  ■■'  ntouis,  tbn  uuiiiln'r  of  units  of  iHiiiivKUMice  n-niaiiilniF 

W.I  .     Ill)  Uylrogcuatoiu  is  4/1 — U(n — :!)— i=an4-2.    Tbw  geui<- 

ist  tonuiUa  ot  Uu»  butivs  of  hydrocarboua  is,  Ihturofore,  C»U2/i-f-2,  ami  the 

•i|air&limt  value  of  tlie  carbon  is     '  '     . 

n 

In  .-.tlicr  raa.'?,  muUival>.<nt  atoms  may  Iw  unitiil  by  two  or  more  of  tbeir 
•  "  '  ".  «>  that  tlioir  combining  jkjwlt  niay  apiH-ar  lo  Im.  xtill 

f"i  '»  in  tbn  bydrouirlion,  t',H„  in  wbicli  lln-  carlMin  may 

I*     !       ■       '.1    Livalonl,  and  in  C,U,,  in  wliich  it  may  appear  to  be  uni- 

n— G— u  c— u 

;i  III 

u— c— H  c— n. 

Tn  inoBt  eases,  thu  tHjiiivalenl  ralan  or  atomicity  of  an  elpmwil  tfl  most 
■•friy  dvtcnniued  by  th«  nunilwr  of  monad  atom:!  witli  which  it  can 
ocmthifix.  Of  dyad  atoms,  iiidtM-<l,  any  i-lcmcnt  or  coni|K>und  may  take 
up  .lite  nuiuhor,  without  alteration  of  it«  qunntiralencv  or  corn- 

er '  :  for  pueh  dyad  atom,  imssi-naing  two  unit»  of  e(|uivaU<noy, 

'le  unit   in  the  itinipnuml  which    it   ontiTit,   and   intriifluccs 
I  Tip.  therefore,  the   cniiiliiiiing   jinwer   of  tlm   i.-oni)K)iind  just 
■••fore.     Thus  pola.ssiuiii  fonna  only  one  cbloridL*,  Kl'l,  and  ig 
tti.  I  .-ibtnt  or  monadic;  but  in  addition  to  the  oxidn,  K,0,  rorro- 

•]>■••  h  ibiH  rhliiiidc,  it  likewise  forma  two  others,  viz.,  K,U,  and 

W5O,,  iu  lliK  former  of  which  it  mi)rht  Ixi  ri-canliil  la  dyadic,  and  in  tho 
latU'r  as  tiitradic  ;  but  the  mnnner  in  wliioh  drad  ox.vp'U  cnlerH  these  ixnu- 
poanda  U  easily  scon  by  inspiM<tion  of  thtj  following  diagrams : — 

Blonoxlde.  Ploxldo.  Telroxl'lc. 

^K  O— K  O—K 


I 

t>— K. 

It  b  «»rM<«nt  that  any  nomher  of  nxypen-atoms  mipht,  in  like  manner, 
bc>  lui«'rt««l  without  dlstnrbinK*tbe  bnlance  of  equivalency.  If.  indeinl, 
w»  turti  t<i  tliH  Hnl)ihidi-i<  of  |>otns-.iiiiii,  in  whii'b  tlio  Bulphur  is  dymlic, 

(jj,.-,     -     '■•>,.,  (s,.n,»<,  K,i?,  K.,t«,.  K,S,.  K,S„  K,S„  the  constitution 

of  ■nt'Ml  (n  a  pri'iinely  Hiiniliir  mnnner.     Ilei thft 

<|ii  I.Micnl    is,  for  the   nm^t    purl,  Irt'st  dptennine<l   by 

ll,  ••.ii  of  /»>■  rliliirlrli:",   /irfiiH/'i/cs.   iodiilcs,  or  fluorides,  tMVi-t 

tij  •''/<«  oxIiIeK  or  fiilphiiti'S.     In  bouhj  cusefi,  however,  ua  VitW 
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be  Been  farther  on,  tUe  oombinations  of  an  eluoient  with  ox;rg«n  aObrd  i 
best  means  of  dutermiuing  ita  quantivaleuce  ur  oumbining  onpavity. 

Compound  Radicles. — i^uppuee  uuh  ur  more  of  the  c<iiu|iuuent  atoO 
of  ii  fiill>-  .iiiluratiMl  UK'lfcule  to  be  reiooved:  it  is  clear  tliat  Iho  reiuaiuin 
atom  ur  ).-ruup  uf  atuma  will  no  luugur  be  uaturated,  but  will  bare  a  eoa 
billing  power  oorre*p<'nding  witli  the  numlier  of  uuiti>  of  equivalency  i 
movi'd.  Such  unsaturated  groups  are  called  residues  or  radicle* 
Methane,  CH„  is  a  fully  saturated  eompouud  ;  but  if  one  of  itjs  hydrogd 
atoms  Iw  removed,  the  residue  CH,  (called  methyl)  will  be  ready 
combine  with  one  atom  of  a  univalent  elejuent,  such  as  chlorine,  liron 
etc.,  forming  the  compounds  Cll,("l,  CU,lJr,  etc.  ;  two  atoms  of  it  unite  i 
like  manner  with  one  atom  of  oxygon,  sulphur,  and  other  bivalent 
ments,  forming  the  oompoiinds  0"(l.'ll,),,  b"(C'Uj),,  etc.  ;  three  atou 
with  nitrogen,  yielding  Ji"'(t'llj)„  etc. 

The  remiiviil  of  two  hydrogen-utoms  from  CH,  loaves  the  bivalent  radio 
CH„  called  metheue,  which  yields  the  oompouuds  CUjCl,,  C'U,0,  CI 
etc.     The  removal  of  three  hydjxjgen-atoms  from  CHj  leaves  the  trivale 
radiule  Cll,  which,  in  combination  with  three  ehlorine-atoma,  oonstitat 
chloroform,  (.'HCl,.     And,  linally,  the  removal  of  all  four  ]iydrogeu-al< 
from  Cli,  leaves  the  quadrivaleut  radicle  ear  bon ,  C",  capable  of  for 
tile  coni|>ouiids  CC'l,,  CS,,  etc. 

In  like  manner,  ummmia,  NH„  in  which  the  nitrogen  is  trivalen 
yields,  by  romoval  of  one  hydrogen-atom,  the  univalent  radicle  ami- 
dogen.  Nil,,  whiiU  with  one  atom  of  jMitashiuiii  f.iriiia  [lotassauiine, 
^'11, K,  and  wlieii  eomliimsl  with  one  atom  of  the  univalent  radicle  inetliyl 
C'llj,  forms  nuthylauiino,  NUj(CUj),  etc.  The  aljstraetion  of  two  hyd 
gen-atoms  from  the  umli-cule  Nil,,  leiivea  the  bivalent  radicle  imidogof 
Nil,  which  with  two  methyl-atoms  forms  dimethylnmine,  NlifCll,),,  uto 
and  the  removal  of  alt  thn*  hydrogen-atoms  from  Nil,,  leaves  nitroged 
itsi-lf,  which  fre<]Uently  acts  as  a  trivah'nt  element  or  radicle,  forming  I 
potassamine,  NK,,  trimethylamine,  NCt'Il,),,  etc. 

Finally,  the  molecule  of  irnirr,  ()H,,  by  losing  an  atom  of  hydrogen, 
converted  iut«i  tho  univalent  rjulicle  hydroxy  1,  0\\,  wliieh,  in  its  roll 
tions  to  other  bodies,  is  analogous  to  chlorine,  bromine,  and  iodine, 
may  be  sulxstituted  in  ooiuhinntion  for  one  atom  uf  hydrogen  or  oth« 
monads.  Thus,  water  itself  m.iy  1h5  regardeil  as  11.011,  analogous  to  hj 
dr<K-hliiric  acid,  HCl  ;  pot,-issium  hydroxide  as  K.OH,  analogous  to  pota 
siiim  chloride  ;  barium  hydroxide  as  Ba".(OH)„  analogous  to  bariu 
chloride,  Ba"Cl,. 

In  a  similar  manner,  the  anivalent  radicle,  pntaasoxyl,  KO,  may  1 
deriveil   from  ]>ota.ssinm  hydroxide;    the   bivalont  radicle,    lincoxyll 
ZnO,,  by  alistraelion  of  H,  from  iino  hydroxide,  Zn"H,0,j.     The  essentij 
character  of  these  oxygenated  radicle's  is  that  each  of  the  oxygen-atona 
contained  in  them  is  united  to  the  other  atoms  by  one  luiit  of  oiiuivaleno 
only,  so  that  the  radicle  has  necessarily  one  or  two  units  unconnected] 
thus — 


Hydroxyl 

I'otaHSoxyl 

Zincoxyl 


n— o— 

K— ■'— 
— (")_Zn — I) — 


From  the  preceding  explanations  of  tho  mode  of  derivation  of  eomponnd 
railicles,  it  is  clear  that  there  is  no  limit  to  the  number  of  them  which 
may  lie  supposed  to  exist ;  in  fact,  it  is  only  necessary  to  suppose  a  num- 
ber of  unitjt  of  equivalency  alistracted  from  any  saturated  moleriite,  in 
order  to  obtain  a  radicle  of  itirresjKmding  iximbining  power  or  eqiiivah-i| 
nUtte,     But  unless  a  radicle  can  be  supposed  to  enter  into  a  cousiderab 


AiuMit.   ill  Knur. 
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''■' m  into  a  grrnup,  lik«  thii  snilfi  i>r 
i  111  {Kjuit  of  »iuipli»-ily  i>r  coiujire- 

'  I  Hint  tlirsp  romjxninil  nKlit'IcH  do 

slAti',  iiu'l   lliai   tlitHiu  of   uiiuvi-n 

Wy,  likit  iiixth^i,  cAiinol  i-aLial  iu   tlinl  i>t»U>,  their  niuU-ciilt>s,  if 

frotii  Duniluiialiun  with  others,  alwnva  ilouliliiig  thi'uuulvi-*,  as 

i<<i«;a  id  tw  the  enHK  Willi  iuo><t  of  thv  elfiuvntar^  loxlicg.     TliiiD 

tyl  — IJ — ii    is  not  klinwu  iu   lliL<   frvf  Mtatv,  thi*  uotuiiily  xxistliii; 

i>uli<i  ■Hiiilaiiilii^!  the  K.iuii-  ]>ro|>(irtioiiH  of  liy.lrngi'ii  and  o.\ygi-n  Ir'uiij; 

•tr  II — 1> — <■ — H.     lu  lik>i  luaiim-i',  uii'tliyl.  I'll,,  hut)  uo  seporato  ox- 

K,  but  Jilnrthvl,  C,H«,  is  a  kuowu  l-ouhjouuJ  : — 

Metc)'!.  Dlmctbyl. 

CH,  CH, 

IJIL 


telationa  betrvveea  Atomic  'Weight  and  Qnantlvalence.  —  A 
!i    ling  iH-en  Miown   to  i-xint  Ix'lweeii  the  (|Uaiilivii- 
iiiil  the  nuiuerii.'jil  order  nf  their  atoimc  wiMglitD. 
rl4:uii  iius  ill  viM'ticol  «)liiiiin«  nccordlog  to  tliii>  order,  n8  in 
Btahle,  we  lliiil   thni,  H  ilh  the  exteptiun  of  uerliiin  nietnia  Ur- 
iron  and  pUtitium  i;r(>ii[i«,  tln'/  nil  nrr.itiKe  theuu(elve»  in 
aiiner,  thut  the  llrst   hunxontnl   line   iH  oceiipieil  liy  the  monad 
•■"  i    I'-  '' ■•    Iv  il-.  tin;  Ihinl  liy  the  tri.iils,  ete.,  n«  iiidi- 
•  iridos  in  the  Inst  uoluuin  of  the  talile, 
bt<  I  11.      ll,vilro);eii  lUtelf  elands  nioiie,  therii 

kllowi)  eioinent  intermi.Hlinte  Indweeu  it  lUiil  the  tuonad  tiietnl 
Thi5  rvlalinn  of  tbi>  elvoieiitarr  IxnIieK,  wliidi  id  railed  tlia 
Uw,"  was  lin<>t  pointeii  out  h/  Newlunda  iu  18(S4,  anil  after- 
rIoIwiI  li;r  (Klliag  and  MeiidelL-jelT. 

Arrangement  of  Elaiuntt  in  the  onler  0/  thtir  Alomir.  il'riijhit. 
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Of  Ibe  plt-nientii  In  the  flrsl  row,  litliitini,  soilium,  pntOHshmi,  rnhiilium, 
~       ,  and  ea»iaiu  are  ithowu  to  ho  tuoumltu  or  uiiiv»lent,  Uy  thvir  eomlii- 

1  with  chlorini*  nud  oxygen,  ».  j.,  N»Cl  and  x."]!>f>-     Copjier  mny  l»e 

aa   univalent    in  one  Heries  of  itn  coiupoiind:),  viz.,  the  cuprous 

»d<,  (If   if)  tli>-  rhlorldn  t'llt^l   and    the  oxide  Cn/I,  though   in  its 

|l'  '  in  hivnieiil,  aiid  nppi'ar-  In  lie  more  nearly  related 

•'  Kroup.     The  |plniei.l  i^'old  in  the  series  in  Kouo'- 

Miniiii.  •iiK'i.  thongh   nnifjileiil  in  the  niiroUH  lontpnuuiis,  Ika 

y»)ttil  Jjt  Uiv  wore  »tatilv  aiirie  couipuuuds,  oh  AutJVj, 
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Tho  elements  in  the  s«cond  row  are  all  dyads,  with  the  exc<'ption,  ; 
hn|>K,  of  iK-r.vlliuiii,  which  Iihm  Home  Hiialii);irK  to  tlic  lria<is.  ] 

()(  tliR  i-li'iuciite  in  tlic  tliinl  row,  lioroii,  gallium,  imlium,  and  thullid 
am  uiiiloiilitmlly  triiulH.  Aluminium  f«ria<<  a  trichloridf,  AlCl,,  ana 
oirrespoudiug  uxidi-,  A1,0„  ulso  a  volatilo  metliyl-comiK'Und,  A1(CII, 
the  va|Xjr-4(Mj«it.v  of  which  in<licntcH  tliat  thu  luolwule,  aa  r>-pri«ciittHj1 
thiA  formula,  ho.s  tho  normal  '^volume  coiidciwatioii  (j>.  23(i).  ll  is  I 
that  till!  chloride,  which  in  also  volatile,  eshibitB  a  vapur-dcnsity  agr 
rather  with   thu  doubled  formula,  A1,C'I„  which  would  indicate  that  , 

AlCl, 
tDJuium  is  a  tetrad,  the  chloride  having  the  constitution  ;    but 

Alfl, 
chloride  boils  at  a  very  high  temperature,  and  it  Is  therefore  probable  tB 
tho  temperature  at  which   its   vapor-<leiiiiity  was  actually  taken  was 
suffiuieiitly  rai8e<l  above  the  builiug  point  to  bring  thu  compound  into  t 
state  of  a  perfect  gas  (p.  230). 

Yttriiiiu,  ilidyininui,  and  erbinm  are  usually  regarded  as  dyails  ;  ind( 
their  Htoniic  weights,  as  deteniiiiied  by  experiment,  are  not  those  given  | 
the   preci'ding    table.     MendelejelT,  however,  from   certain    ctmsideratia 
whicb  will  be  noticeil  hcreal'ter,  proposes  to  regard  them  as  triads,  aud^ 
alter  their  atomic  weights  accordingly.     The  matter  is,  for  the  pre* 
altogether  doubtful,  though  perhaps,  nn  the  whole,  the  balanco  of 
ment  is  against  MemlelejetTs  suggestion. 

The    elements   in   the   fourlU  row   are   undoubtedly  tetradic,  with  tST 
exception  of  lanthanum,  which  is  more  generally  regarded  as  a  dyail. 

t)f  the  elements  in  the  lifth  row,  phosphorus,  antimony,  niobium, 
tantalum   form   pentachloriilcs.     Nitrogen  is  (jiiiuquivalent  in  the  an 
nium  com]>ounils,  as  in  the  chloride  Nil,L'l.     Vanadium,  arsenic,  and 
muth  do  not  combine  witli    more  than  3  atoms  of  chlorine,  bromine,  I 
iodine ;  but  bismuth  forms  an  oxychloride,  Bit)Cl,  or  U^UiC'l,,  in  whil 
it  is  quinquivalent,  and  vanadium  forms  the  analogous  (rom]M)uiid,  VC 
Arseiiii!  does  not  form  a  similar  oxychUirido  ;   but  its  highest  oxide,  Aa 
is  the  exact  analogue  of  phosphoric  oxide,  l',t>j,  and  vanadie  oxide.  V^ 
and  tonus  a  series  of  salts,  the   arsenates,  which  are  isomorphous  wil 
the  pliosj>hates  anil  vanadates.     £or  these  reasons,  arsenic  ir  likewise  I 
gnrdiil  as  a  jient.-id. 

Among  tlie  eleiueiits  in  the  sixth  row,  chromium  forms  a  hcxflnoride  i 
tnngsten  a  hexchloride  ;  uranium  forms  an  oxychloride,  i:0,Cl^  and  a  I 
oxide,  Co,,     ijiiljihur,  selenium,  and    tellurium,  so  far   as   regards   th^ 
hydrogen  oomjiounils,  U,S,  etc.,  are  dyads  ;   but,  with  regard  to  their  i 
binations  with  chlorine,  they  are  tetrads,  and  sulphur  is  known  to  fw 
certain  organic  cviiu|HMiiids  in  w  hich  it  is  tetradic,  and  others  in  wbiehl 
is  hexailic*     Moniiver,  the  chemical  relations  of  the  sulphates  are  niuj 
more  clearly  represented    by  foniuilie   in  which  sulphur  is  siip|Kisi-d  to  f 
hexadic,  like  that  given  for  siiipbui-ic  acid  on  p.  233,  than  by  lonniilie 
which  it  enters  as  a  dyad,  such  .is  11 — I) — (> — S— <> — U — H,  inasmuch 
compounds  in  yliich  dyadic  elements  are  linked  together  in  one  row, 
for  the  most  part,  very  unstable,  like  the  higher  oxides  and  sulphides  ( 
potassium   (p.  237).     These  three   elements  are  therefore  best  regar" 
as  hexads,  though  they  sometimes  enter  into  combination  as  tetrads,  , 
very  frequently  as  ilyads. 

Uxygeii,  in  its  conil>inationa  with  hydrogen,  and  with  must  of  the  m«t 


Sulphur  tricthlodlde,  Si»  j '^'«j*»'» 


Sulphur  dlctbeae.dlbronildr,S<i 


1(<VI./' 
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•VlsdlT'  acts  •>  a.  dyad  ;  bat  U  appears  also  to  bo  capable  of  higher 
■■of  coil  ■  ;   with  silver,  fur  exaiople,  it  foruut  th«  two  ozidi«, 

'  ||^  aai  Af,  latter  of  wbieh  it  is  tetra<lie  ;  and,  from  its  rlose 

l^fia  to  SI..,  .^■•.,  ..lid   the  placu  of  its  atomic  weight  in  the  gerieii,  it 
I  BW  ^  daaacd  with  tlie  hexad.t. 

Of  tlii>  rlrmfuta  in  the  seventh  row,  man);aiiese  appears  to  form  a  hep- 

ti  ' !  ^iCl-,  though  the  composition  of  this  chloride  lias  not  pt-rlinps 

t>  .  riiDctljr  maile  oat ;   but  in  the  permanganates  the  metal  ap- 

fma  tu  be  deodedljr  heptadic  ;  the  potassium  salt,  KKuO,,  fur  exam)>le, 

Lmf  ts  mpiMiiiliiil  bj  the  stractoral  formula  : 

O 

II 
0=Mn— 0— K 


1W  pcntJnratc!),  e.  g.,  KCIO,,  are  similar  to  the  permanganateB  in  compo- 

«ka  •  ':dline  form,  and  may  tlierefore  bo  supjKMiiMt  to  have  a 

Mtiiar  11,  the  chlorine  in  thum  Iwing  seplivHiimt ;  in  fact,  the 

kw aa[}r-iu:^dj  of  chlorine  form  aregnlar  series  in  which  the  quautivaloiioe 
rf  IkxIiJkirine  Tarius  by  two  unites  from  i  to  7  ;  thus — 


O-O— H 


O  O 

11  II 

o=ci— O-H      o=ci— o— n      o=ci— O— H 


■iptiililoroBa. 


Chlorous, 


Ublorlo. 


() 
Pereblorlo. 


Uic  aoid,  IO,H,  and  jwriodic  add,  IO,H,  are  exactly  similar  in  consti- 
Mi(a  to  chloric  and  (lerchloric  acids,  and  the  corresponding  oxidi.'S  or 
■kfirUm  l/>i,  1)0,  are  likewise  known  (p.  187):  hen<x-,  imlinealso  may 
lBI«gantwl  as  a  heptad.  liromic  acid,  l<r(),U,  is  similar  to  chloric  acid, 
IM  pcrhroiiiic  acid  has  not  yet  been  obtaini^d  ;  and  of  fluorine  no  oxygeu- 
";  i»  koomi ;  but  from  the  close  analogy  in  the  reactions  of  these 
frtlniiiitB.  CI,  Br,  1,  and  F,  and  the  manner  in  which  they  replace  one 
in  combination,  there  can  be  no  doubt  that  they  beloug  to  the 
t  f^roiip.  lu  their  combinatinns  with  hydrogen,  ami  in  the  reactions 
'  iiid  one  another  in  combination,  they  in- 

'  I  lotion  taking  place  atom  for  atom. 
.•!■•  .'.  ii.t  .  J.  uients  (all  metallic)  which  cannot  lie  In- 
ii  'f  the  Seven   liori/.i>nlnl   series   almve  considen-d.     The 

II'  !  three  of  these  metals,  vix.,  iron,  cobalt,  and  nickel,  have 

.--    •..ivfiH-n    lli'we  of  manganese  and  copiwr  ;    and  of  the  other  six, 
'    v'-.Mnnm   metals,    three,  viz.,  ruthenium,  rhodium,  and  palla-' 
atomic  weights  interme<liate  between  those  of  molylKlenum 
ver  (11)8);    and  the  other  thrtH%  viz.,  osmium,  iridiuui,  and 
niiii        r,    ill  like  manner  intermediate  between  lungnten  (lt>4)  and 
il  (!■■■.. 

iTbcs.-  nilcnii.diate  elements,  Fe,  Co,  Ni,  Hu,  Uh,  Pd,  Os,  Ir,  Pt,  oonsti- 

'ilt«  a  group  of  themselves  (the  eighth),  some  of  the  members  of  which, 

rit^  Bu  and  Os,  form   tetroxides   (analogous  to  oi'toclil<>ridi.s),  and   may 

"*       'be  regardeil  ok  iK-tails.     Norn-  of  them,  however,  form  chlorides 

■■taininp  more  than  4  atuuis  of  chlorine  to  one  atom  of  metal. 

k   spaces  in  the  preceiling  table  indicate  the  places  of  olementa 
Uly  exist,  but  have  not  yet  Nvn  actually  ilisi^iverwl.     An  an- 
liciMtieii   iiisuorery  of  thi?*   kind  h/is,   however,   K'en  aclnallv  realiised. 

it 
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When  the  table  wm  drawn  np,  a  blank  in  the  place  now  occupied  by  i 
Hum  indicated  the  prol)al>le  existence  of  a  Irivalent  element  intermed 
in  atoiiiio  weight  between  lino  and  arneuie.     This  element  was  provis 
all,v  designated  eJatluminium  by  Mendelejeir,  who  predicted,  from  it^  posifl 
in   the  series,  what  its  chief  properties  ought  to  be.     The  discover; 
gallium,  with  the  atomic  weight  1)8,  has  veriiled  this  predictioa. 


TaMjIli 

ain^P 

ly  oo- 

or»: 
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Almost  errerjr  gnhetuioe,  simple  or  coni{>ound,  capable  of  existing  in  I 
solid  state,  assumes,  under  favoralite  circumstameH,  a  distinct  (,'e<imet 
figure,  tisually  txiundinl  by  plane  surfaces,  and  liuving  angles  of  cons 
value.     The  fiieiilty  of  crystallisation  si>ems   to  be   denied  only  to  a    ^^ 
IkmUi'S,  chiefly  higlily  complex  organic  principles,  which  stand,  as  it  wM^ 
up«.)n  the  very  verge  of  iirj;ani2.itit>u,  and  which,  when  in  the  solid  stato,^ 
are  freiiueiitly  characterised   l>y  a  kind  of  heady  or  globular  a]i]>eara 
well  known  to  microscoiiienl  observers. 

The  most  beautiful  examples  of  crystallization   are  to  bo  found  an 
natural  minerals,  the  results  of  exceedingly  slow  changes  constantly  oc- 
curring within  the  earth.     It  is  invariably  found  that  artiflrial  erysUila« 
salLs,  and  other  soluble  snlwtanci-s  which  have   iK'en  slowly  and  qui" 
deposited,  surpass  iu  size  and  regularity  those  of  mere  rapid  formation 

Solution  in  water  or  some  other  liquid  is  a  very  freqiuiit  nietho>l  of 
fecting  crystiilliziition.  If  the  subetauoe  be  more  soluble  nt  u  \\\fiU  Ihall 
at  a  low  teni]>erature,  then  a  hot  and  saturated  solution  left  to  ixkiI  slowly 
will  generally  be  found  to  furnish  crystals  :  this  is  a  very  conmion  caso 
with  salts  and  various  organic  principles,  if  it  be  equally  soluble,  or 
nearly  so,  at  all  temperatures,  tln-u  slow  spontaneous  evajxiration  in  tbo 
air,  or  over  a  surface  of  oil  of  vitriol,  often  proves  very  efl'ective. 

Fusion  and  slow  cooling  may  be  employed  in  many  cases :  that  of  sulphur 
la  a  good  example :  the  metals,  when  thus  treated,  usually  alTord  traces  of 
crystalline  ligure,  which  sometimes  tieconie  very  beautiful  and  distinct,  as 
with  bismuth.  A  third  condition  under  which  crystals  vry  often  form  is 
in  passing  from  the  gaseous  to  the  solid  state,  of  wiiich  iodine  afl'onU  a  good 
instance.  When  by  any  of  these  means  time  is  allowed  for  the  synirae- 
tricAl  arrangement  of  the  particles  of  matter  at  the  moment  of  solidifica- 
tion, crystals  arc  produced. 

That  crystals  owe  their  figure  to  a  certain  regularity  of  internal  stmo- 
ture  is  shown  both  by  their  mode  of  formation  and  also  by  the  peculiari- 
ties attending  tlieir  fracture.  A  crystal  placed  in  a  slowly  eraistrating 
««tur."ite<i  solution  of  the  same  sulwtance,  grows  or  increases  by  a  i-ontinued 
ile|Hisition  of  fresh  matter  ii|>on  its  sides,  in  such  a  ninnner  that  the  angles 
foriniH)  by  the  riiei*ting  of  the  latter  remain  unaltered. 

The  tendency  of  most  crystals  to  split  in  particular  directions,  called  by 
mineralogists  c/wiivn/e,  is  a  certain  indication  o(,  regular  structure,  white 
the  optical  properties  of  many  among  them,  and  their  mode  of  expansion 
by  heat,  fHiint  to  the  same  conclusion. 

It  may  be  laid  down  as  a  general  rule  that  every  substance  has  its  own 
crystalline  form,  by  which  it  may  very  frequently  be  reoognixed  at  onoi'— 
not  that  each  sulwtance  has  a  different  figure,  although  very  great  diver- 
sity in  this  respect  is  to  be  fiuind.  Some  forms  are  much  more  commun 
than  others,  as  the  nul<e  and  six-sidi^l  prism,  which  are  very  frequentbL 
assumed  by  a  nnmber  of  Ixxlies  not  in  any  way  related,  ^H 

The  same  substance  may  assume,  \inder  dilferent  sets  of  circnmstano^l 
as  at  hij^h  and  low  temperatures,  two  different  crystalline  forma,  in  which 
oaae  it  is  SAld  to  be  dimorphous.     Sulphur  and  oarbou  furnish,  as  already 
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,«uc«mpl<«  of  tlus  cQrions  fact ;  another  case  ia  presented  by  oaloium 
i  to  Utr  t  '  fk^alioiiH  iif  rale  spur  and  orraguuite,  butli  chouii- 

■ame.  t;  llvililliTeul.     A  fourth  fxanijik' might  bo  giviiii 

rio  iodlJ.' ,   - i  jJno  Uua  twu  distiuut  loruu,  and  t.-vi.-ii  twu  dia- 

oOrriun  as  gr«at  a  coutnut  as  thuiie  of  diumoud  and  graphite. 

^rystallographlc  SystemB. — When  a  crystal  of  Dimple  form 
■tivrlr  oiiniilerol,  it  litxxjuies  fV'ideut  that  certain  directinii:!  von  Iw 
1  oet  iu  which  straight  liuu«  uay  be  imagined  tu  be  drawn,  pasitiing 
>  Um  RvtiLrai  point  of  the  crjrHtal  from  side  to  side,  from  end  to  end, 
'  angln  U>  that  upjMMed  to  it,  etc.,  alioutwhieh  lines  the  partiek-s 
ipoaing  the  crystal  may  be  ooneeivod  to  be  ayuiuielrically  built 
Saah  tiocA,  or  <u»,  are  not  always  purely  imaginary,  however,  aa 
f  fci  liifiwn<l  from  the  remarkable  optical  pro{H;rlie«  of  many  crystals  : 
'  miunber,  relative  lengths,  pwition,  and  iucliuatiuu  to  caeh  other, 
)  tbm  ootwanl  figure  of  the  crystal  itself. 
lU  cryMalliaa  forma  may  upon  this  plan  be  arranged  in  six  classes  or 
lt«ma;  these  are  the  following. 

-  Tbe  moaometilc,  regular,  or  cable  ■3ratain  (flg.  130). — ^The 
Wlb  <j(  tbi--i  ilivinion  bine  ibn^n  i^iual  axe.s,  all  placed  at  ri|;ht  angle! 
■ck  other.  The  must  imp<jrtaut  fornLH  are  the  cuU  (1),  the.  regular  octo- 
Mi(t2),  and  the  rhombic  ilothmhnJmn  (S). 

tW  Irttxnt  u—ii,  fj—h,  c— t  (tig.  130)  show  the  termination  of  the  three 
M,  (laord  •»  alated. 


tnanr  anletanoes,  both  simple  and  componnd,  asBume  these  fomM, 
I  of  the  mi'tals,  carbon  in  the  state  of  ditimond,  common  salt,  potM- 
"  iu,  the  alums,  Uuor-epar,  iron  bisulphide,  garnet,  spiuelle,  eto. 

FJg.  131. 


J... 


rP^ 


A 


^^--l 


e  dlnetrlc,  qnadratlo,  aqnare  prismatic,  or  pyramidal  ays- 

•Thx  ery-stals  nl   this  system  (tig.  131)  are  also  .synmiclrical  alwut 
at  right  angles  to  each  other.     0/  those,  however,  two  only  tre 
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of  equal  length,  the  tliird,  c — c,  being  lougur  or  ahorter.  The  most 
purtiuit  forms  are,  the  right  tquareprimt  (1),  and  the  rigkt  »quaTe-ba*ed  i 
hedron  ('i). 

Kxiiuiplca  of  these  fornu  are  to  be  found  in  zircon,  native  (tannic  oxid 
apophyllile,  jellow  potassium  ferrocyonide,  etc. 

3.  The  rhombohedral  syatem  (fig.  132). — This  i»  very  impor 
and  I'XlL-naive  ;  it  uia_v  l>e  diaracterizc-d  by  /bur  axes,*  three  uf  which  i 
equal,  in  tlie  satuf  plane,  and  incline»l  to  each  other  at  angles  of  Ctio,  wb 
tliu  fourth  or  priiuipal  axia  is  perpendicular  to  them  all.  The  princif 
forms  are, — tin-  rnjalur  six-tided  prism  (1),  the  reffiUar  doiUile  tir-tiJal  py 
mid  (2),  the  rltomboliednm  (4),  and  tlie  iculatukalron  (S),  a  figure  bouiu 
by  twelve  soaleiiu  triangles. 

Examples  are  found  in  ice,  oalcspar,  aodinm  nitrate,  beryl,  quarts  < 
rock-crystal,  and  the  semi-metala,  arsenic,  antimony,  and  ti^Uurium. 

A  combination  of  the  regular  six-sided  prutm  andduublu  six-sided  py 
mid  (3)  is  a  conuuuu  form  uf  quartz. 


[<r 

^ 

^ 

^ 

V 

\ 

4.  The  trlmetilo,  rhombic,  or  right  prismatic  system. — This 
oharaclcrizetl  by  tl>ree  axes  of  unequal  lengtlis,  ijIuowI  at  right  angles  ( 
each  other,  as  in  the  riijhi  rertnntftdtir  jirisnty  the  ritjht  rhuinbic  prism^  the  rxy 
rectangular-based  octahedron,  and  the  right  rhombic-baised  octoliMrvii. 

Fig. 138. 


«  — 


-- f-— u 


The  bases  of  these  forms  are  represented   in  fig.  133   (1  and  2). 
the  reader  imagine  a  straight  line  passing  througli  the  centre  of  each  of 


•  TViln  refrrrnre  tn  four  nxen  l>  «  mere  mnlter  of  rnnvenlcnce  |  three  axPI  i 
fulBi-Jeat  Cor  the  Jcteroiluatioo  of  auy  solid  figure  wlmtcrrr. 


^m 


^^ 


lie  moDooUnic  or  oblique  prlamatlo  Byetem. — C'r>'KtalH  U'long- 

t%l.,-     11.111.  Uavi-  ;ilso  thrii'  axi'S,  wlikli  may  lir  ull  Ulioqnal  ;  two  of 

|(  i.iTY)  urL'  jilaood  at  right  angles,  tbv  tUiril  being  so  inclined 

»  looiM- and  ptrpenilioular  to  the  other.   To  tliis  systt'iu  may 

rrol  tliu  luur  lullowing  forms  :   The  Muiur  nclaiii/iilur  urimi,  the  Miipu 

Ifirixm,  thu  Miiiue  rectangular -biual  MluJitilroti,  the  Mtijue  rhumhic-Uutd 

baa«s  of  these  monocliuic  forms  arc  identical  iu  form  with  tlioae  of 

ft   -!      •  -f.iin,  flg,  133  (1)  and  (".!).     Tho  jirinripal  axiii  may  be  re- 

iie  paeuiing  through  the  plane  ol  the  ]iaper  at  the  miiliile 

,.  ular  tu  u  u,  and  oblique  to  i  6.     The  pvrHpoi-tive  forms  ara 

Fig. 134. 


forms  arn  taken  by  sulphur  crystallized  by  fusion  and  cooling,  by 
\  sulphate,  carbonate  and  phosphate  of  sodium,  bor&z,  green  vitriol, 
y  other  salts. 

lie  tricUnlc,  anorthlc,  or  doubly  oblique  prismatic  syatem. 

fry-tillin.'  fnrins  ooniprfhenili'd  in  this  division  nrr,  Irnni  tluir  ureal 

,  exceedingly  diiScnlt  to  Btmly  and  understand.     In 

a_*e8,  wliidi  may  be  all  nnequal  in  length,  .ind  are 
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the  production  of  umall  trianj^ulor  planra,  whicli,  as  thp  pror(>8B  advftnc 
grailuall.v  usurp  Ihi'  whole  of  the  Burfaw  of  the  cr.vstal,  and  cmvi-rt   tha 
cutx"  into  an  octohiiiroii.     The  new  planes  ari'  oallfd  smndary,  and  tin  " 
prodnctidii  is  said  lo  tnkr  place  \>j  n-gnlar  drrremrnts  upon  tin-  solid  angi 
The  same  thing  may  ha]>prn  on  the  edges  of  the  cube ;  a  uuw  figure,  ' 

FiR.  136. 


Paaiagc  of  cube  to  oetobedron. 

rhombic  dodecahnlron,  ia  then  generatod.    The  modidcations  which 
thus  he  pro(Juei<d  of  the  original  or  prinuiri/  figure  (all  of  which  are  gubji 
to  exact  gi-omi-trii  id  laws)  arc  very  niinionnis.     Several  diatinet  niodifl 
tions  mav  l>e  present  at  the  same  time,  and  thus  render  the  form  ezc 
ingly  complex. 

Crystals  often  cleave  parallel  to  all  the  planci  of  the  primary  figure, 
in  cale«iiar,  which  offers  a  pood  illuHtration  of  this  perfect  cleavage. 
Sometimes  one  or  two  of  these  planes  have  a  kind  of  preference  over  the 
rest  in  this  respect,  the  crystal  splitting  readily  in  these  directions  only. 

A  very  curious  mmlification  of  the  figure  sometimes  occurs  by  the  exueg.. 
live  growth  of  each  alternate  plane  of  the  crystal ;  the  real  beooma  j 

Fig.  ISA. 


PnUAge  of  ootohedroo  to  tetrahedron. 

length  obliterated,  and  the  crystal  aasuirit'S  the  character  called  hemihr^hat 
OT  hulf-ndeil.     This  is  well  seen  in  th<?  i>niduciion  of  the  tetraluMlron  from 
the  regular  (Mrtoliedron    ftlj;.    13(i),   ami   of  the  rbonibohedric  form  hyi 
similar  change  from  the  double  six-sided  pyramid  (lig.  132,  2). 


1 


Forms  belonging  to  the  same  orystallographio  system  are  related  to  i 
other  by  several  natural  afGnities. 

1.  It  iit  imlif  thr  Htiuft/r  J'nnnK  of'  tlir  mimt  sifstrm  that  can  conjtine  into  a  t 
filrx  l'(irm. — For  in  all  fully  developed  (bolollt^l^:ll)  natural  crystals, 
fouiid  that  .'ill  the  similnr  pivrt.s.  If  uio(iilit'<l  at  all,  are  miHlilic-d  in  an  ex- 
actly similar  lunuiier  (in  liemiliclrni  fdniis,  half  the  similar  edges  and 
angles  alternately  situated  are  simitnrty  modifliMl).  Now  this  can  bo  the 
ease  only  when  the  dominant  form  and  the  modifying  form  are  developed 
according  to  the  same  law  of  symmetry.  Thus,  if  a  culie  and  a  regular 
octohe<lron  are  develo|>ed  ronnd  the  same  system  of  axes,  each  summit  of 
the  euhe  is  cut  off  t/i  the  same  extent  by  a  face  of  the  ot^tohedron,  or  nc« 
vertt.  Rut  a  cuIh>  could  never  combine  in  this  manner  with  a  rhombio 
oct<ilii»lron,  In-canse  it  would  be  im]ioRsilile  to  place  the  two  forms  in  such 
a  manni'r  that  similar  parts  of  the  one  shonld  throughout  replaoe  sin  " 
parla  of  tliv  other. 
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M  thus  anbjcct  to  a  peenliar  and  distinct 
■>(  U  iniMliBcAtioaa,  the  iibnerralion  of  which  very  fr<<qiicntljr  constilul*^ 
ia«urlWnt  c'i><l'*  »o  'he  <linoo\iTy  of  tlic  primary  tmin  itsi'lf. 

i  Cnftlats  >uote  itif»trm  arc  iiUtuuitclif  rrltttrit  in  thnr  opiioal 

Mar«ica.— <  <i>g  ^>  tlie   regular  nysti'iii   (ah   \\w  diaiiiond, 

Ifepa,  rotk'^^  I ,  i-tc-.i  T'lract  li|;ht  iu  the  sauif  iuaum>r  aa  uui'Tyxtallitrd 
Mia:  tbat  is  tu  say.  they  ha«'e  but  oue  rcfrnctivc  index,  and  a  ray  of 
I^tda^Biag  ttiruugU  them  iu  any  direction  i^  refracted  singly,  liut  all 
iA«r«i7«t«la  rofraot  duuhly,  that  is  to  say,  a  ray  of  light  paxiiing  through 
I  («s«»pl  in  OBTtain  directiouH)  iu  Hplit  iutu  two  rayx,  the  une  lallud 
■tfawj  ray,  lieiug  refracted  aa  it  wuuld  U<  l>y  a»  auiorphous  body, 
thr  Miur,  eallcd  the  tairaonlinar^  ray,  being  r<'fracted  according  to  pwo- 
1 1  niriro  iwrnplex  laws  (see  Liuut).  Mow,  thu  cryHtalti  of  the 
-lo  azitl  hexagonal  systenu  retieinble  each  other  in  this  re- 
^^t^  all  of  them  there  is  ciuo  direction,  cjillird  tho  o]itic  axis,  or 
t)  refraction  (coinciding  with  the  principal  urystallographio 
[  wUicli  a  ray  of  light  is  refractol  ningly,  while  in  all  other 
fc«liiin«  ii  is  reCratit4Mt  doubly  ;  wherea«;  in  cryxtalK  Ixdougiug  to  the 
Mka  «yal<ins.  Til.,  Uie  trimetric  and  the  two  oliliijue  Hystems,  there  are 
llvi/B  !»•  ilirrctiona  or  axcx,  along  which  a  ray  is  singly  refracted. 

X  Cryaittl*  belonying  to  the  tavte  syxtrm  reMinhle  each  other  in  their  mode  of 
^■l^tBy  krttl. — Amorphous  Ixxlies  and  rrystaU  of  tho  regular  system 
■MMt  boat  rajually  in  all  directions,  so  that,  supposing  a  centre  of  heat 
lilliti  vltbin  !*uch  a  body,  the  iMitliennal  Kurfuces  will  Ihi  spheres.  Hut 
■yilaliof  the  ilinietrio  and  hexagonal  systems  conduct  equally  only  in 
ttmHenut  perp<-ndicular  to  the  jirincipal  axis,  so  that  in  such  crystals 
tta  IhiUmvixmiI  surfaces  are  ellipsoids  of  revolution  round  that  axis  ;  and 
mjtuia  belonging  to  either  of  the  three  other  systems  conduct  uuequally 
b  tU  dir^ctious,  HO  that  In  thum  the  iauthermal  surfocoa  are  ellipsuida 
ViUt  Have  auequal  axon. 

RcUuioiu  1^  Form  cmd  Cotulitutiimt  bcmorphiim. 

Certain  «nl>stan<^es,  to  which  a  similar  chemical  constitution  is  lucribed, 

Ui"  remarkable  pro|>erty  of  exactly  replacing  each  other  in  crys- 

oumiKiunds,  without  alteration  of  the  characteristic  geomvtriual 

Such  Uxlios  are  said  t'>  U*  i/umiori'linwi.* 

~Ftor  example,  m.-ignesia,  line  oxide,   cujirio  oxide,   ferrous  oxide,   and 

IBikil  «zid«,  are  alli<Ml  by  isomor|tliic  relations  of  the  most  intimate  na- 

tttie.     TliH  salta  formed  by  these  sulmtances  with  the  same  acid  and  simi- 

ns  of  water  of  crystallization,  are  identicol  in  their  form,  and, 

same  color,  cannot  tie  distinguished  by  the  eye  :  the  sulphates 

;iu  and  zinc  may  be  thus  confounded.     These  sulphates,  too, 

with  potassium  sulphate  and  ammonia  sulphate,  giving  rise 

"      ■(  JKWH  flgnre  is  the  same,  but  quite  different  fr<im  that  of 

hntes.     Indee<l  this  connection   lietween   identity  of  form 

.  .;.  ><r  constitution  runs  through  all  their  (ximliinations. 

lie  manner  alumina  and  iron  sesquioxide  replace  each  other 

without  change  of  crystalline  figure  :    the  same  remark  may 

%■  iDa>d<<  iJ  the  oxides  of  potassium,  sislium,  ammonium.     The  alumina 

ia  mmoMm  alum  may  l>e  replaced  by  iron  sesquioxide,  the  potash  by  am- 

■■■ia  OT  by  Mala,  ami  still  the  Hguru  of  the  crystal  remains  nnchangml, 

1Vi«e  rwplacniente  may  lie  partial  only  :  we  may  have  an  alum  containing 

iMk  irrrtn;**T  and  ammonia,  or  alumina  and  chromium  sesquioxide.     By 

irtttaal  management — namely,  liy  transferring  tho  crystal  sncceasivcly  to 

•  Kron  irM,  equal,  and  a'V*',  shsjie  or  form. 


I 

I 
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differpiit  solutions — wp  mny  have  these  bomorphoas  and  nintunlly  rejik 
iuK  ixiiiipoiiiKl.s  <li!itriliiiti-ii  in  ililTureiit  liiyen  u]miii  tlur  naint^  crystal. 

For  llipsn  ruu-soii.s  mixtures  of  isoinorjiliniiH  sallii  cjiii  iirvfr  Im^  t^t-purat 
by  cryatalliuitiou,  iiiiU'sa  llu'lr  (lilTerimri'  of  solubility  is  v«ry  >;reat. 
mixed  solution  of  ft.'rrous  sulphate  and  uiekel  siulphate,  isouiorphoua  gat# 
yields  im  evai)oriition  crystals  uuntaiuing  both  iron  and  nickei.     But 
before  evaporation  the  ferrous  salt  be  converted  into  ferric  salt,  by  chlor 
or  other  means,  then  the  crystals  obtained  are  free  from  iron,  except  tl 
of  the  mother-liquor  which  wets  them.     Th-;  ferric  salt  is  no  longer 
morphous  with  the  nickel  salt,  and  easily  separates  from  the  latter. 

Absolute  iileulily  of  value  in  the  angles  of  rrystals  is  not  always 
hibited    liy   isotuurphous  suljstances.     In   other   words,   small    variutia 
Oflen  fH;cur  in  the  uiiiguiluitc  of  the  angUw  of  crystals  of  com[Kiunds  whii 
in  all  other  respet:ts  show  the  ulosest  isomorphic  relations.     This  shou 
oocasion  no  surprise,  .is  there  are  reasons  why  such  variations  might 
expectwl,  the  chief  perhaps  being   the  unequal   elTeots  of  expansion 
heat,  by  which  the  angles  of  the  same  crysliil  are  changed  by  alteratid 
of  temperature.      A  gtKxl  e\umi>le  is  foiuul  in  the  case  of  the  carlHinntes  < 
calcium,  magnesium,  manganese,  iron,  and  zinc,  which  are  found  uativ 
crystalliziHl  in  the  form  of  obtuse  rhomlH>h(><lrons  (llg,  132,  4),  not  distill- 
guishablu  from  each  oilier  by  the  eye,  hut  exhibiting  small  dilferences  in 
their  angles  when   accurately  measured.     These  compounds  are  isomo 
phous,  and  the  measuremeuts  of  the  obtiua  ajiglea  of  their  rhomlxihodro 
are  as  follows  : — 


Calcium  carbonate 
Magnesium     " 
Manganous     " 
Ferrous  " 

Zino  " 


i(ir.o  5' 

lUV-^  25' 

Kt-'-'  20' 

luio  40' 


Anomalieii  in  the  composition  of  various  earthy  minerals,  which  formerlj 
threw  much  obscurity  upon  their  chemical  natun;,  have  lieen  in  gr» 
measure  explaineii  by  these  tiis(M)veries.  Sp4%imens  of  the  same  minerd 
from  difTerent  localities  were  found  to  afford  very  discordant  results 
analysis.  But  the  proof  once  given  of  the  extent  to  which  sulHtitutio 
of  isomorphous  iKslies  may  go,  without  destruclion  of  whot  may  be  call* 
the  primitive  t.vpe  of  the  compound,  these  difficulties  vanish. 

Decision  of  a  doubtful  jKiint  respecting  the  constitution  of  a  compound 
may  sometimes  bo  very  satisfactorily  made  by  n-ference  to  its  isomorphoiia 
relations,  as  in  the  case  of  alumina,  already  lueutioned,  which  is  isomor- 
phous with  the  aesquioxide  of  iron  (p.  227). 

The  direct  dcteruiination  of  the  orystalliiie  forms  of  the  elementary 
bo<lies  is  oftim  dilBeult,  and  the  question  of  their  isomor)ihism  is  compli- 
catwl  hy  the  freijitoit  dimorphism  which  they  exhibit,  hut  when  com- 
jtounds  are  found  to  eorresjKind  in  chemical  coiistilution  and  crystalline 
form,  it  may  sometimes  Ik-  inferrwl  that  the  elements  comjiosing  them  are 
likewise  isomorphous.  Thns,  the  metals  magnesium,  zinc,  iron,  and  cop- 
per are  pri"suHi«i  to  \w  isomorphous.  Arsenic  and  [ihosphorus  have  not 
the  same  crysliilliiic  form  ;  nevertheless  they  are  said  to  l>e  isomorphous, 
bei;au8e  arsenic  and  phosphoric  acids  give  rise  to  comhinnlions  which  agree 
most  completely  in  tlgure  and  cninstitution.  The  chlorides,  i<i<li>h-s,  bro- 
mides, and  lluorides  agree,  whenever  they  can  be  oliserved,  in  the  most 
jMTfect  manner  :  henod  the  elements  thetnsolreii  ore  believed  to  be  isoma 
jdious. 

The  subJoiniHl    table,    taken   with    slight   wodificatiun    from    (jraham'i 
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to  of  CUemistry,"*  will  serve  to  oonvey  Bomo  idea  of  tlie  meet 
,  fiHiiliTTt  of  ifomurphouli  elemeubi : — 

itmuorjtiunui  Groups, 


H) 

(•0 

(«) 

r 

Bu-iiim 

Sndium 

u 

Stnjnlium 

Silver 

1  'lliil   i>.llli« 

Lead. 

Thallium 
(Jol.l 

(2) 

(■») 

I'otniisium 

)lA^(<uain 

Platinum 

AnuHonium, 

Coiciom 

Iridium 

lUn^utcM 

Osmium. 

(7) 

Iron 

Cliloriiie 

CobAlt 

(6) 

Io<liuu 

Nirkcl 

Tin 

lirumine 

ZtDO 

TiUninm 

Fluorino 

(U4miuin 

Zirconium 

Cyanogen. 

CV>pp>.'r 

TungBtpn 

Chrumitiin 

MolybdoDiun 

(8) 

Alaminium 

Tantalum 

Phoaphonu 

Oluciii  mzi* 

Niobium. 

Arsonic 
Antinimiy 
nismuth 
VanuJium. 

iMH^iBriMni  of  this  tnblv  with  that  on  pft);-))  239  will  ahow  thnt  in  many 
iMBaa,  iscanca-piious  rlrmrnt!i  rxhiliit  o<|ual  qMAutival(>nr«or  comhinin); 
HMdtT,  mnd  znore  gonorally  that  the  isomorphouii  proupK  (v)nKiHt  wholly 
fammul  <ir  wholly  of  artia<l  <'lemi<nts.  Th«  only  niipnrent  exc4>ption  to 
wrale  ia  BfTorded  by  l-antalum  and  nio)>ium,  which,  although  luMitaiia, 
)l tmnavphou*  with  tin,  tungsten,  and  other  tetrad  and  huxad  eluuiuuti). 

■  Seeood  edltlou,  vol.  I.  p.  17&. 
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Thb  term  Chemical  Affinity,  or  Chemical  Attraction,  is  need  to  deaorll 
thiit  imrlioular  powt-r  or  forw,  iu  virtue  of  which,  union,  often  of  a  ve 
intimntc  and  ptTuinnent  niitiirn,  taki-a  pliioc  between  two  or  more  Ixxlia 
la  auch  a  way  im  to  give  rise  to  a  nra'  aulMlance,  liuving,  for  tiie  mont 
propertici)  completely  iu  dinconlance  with  tliooe  of  its  components. 

The  attraction  thus  exerted  between  different  kinds  of  matter  is  to  1 
distinguishu<t  from  other  modillcations  of  attractive  force  which  arv  exer 
indiscriminately  between  all  descriptions  of  sultstances,  simii^times  at  eua 
inous  iiislances,  bomeiimes  at  iutiTvals  quite  inappreciable.  Examples 
the  latter  are  to  be  seen  in  cases  of  what  is  called  colirsiim,  when  the  pa 
tides  of  solid  iKxIies  are  immovably  houud  together  into  a  mass.  Th4 
there  are  other  effects  of,  if  po:*Hilile,  a  still  more  oliscure  kind  ;  sui^h  as 
various  actions  of  surface,  the  a<lhesioD  of  certain  liquids  to  glass,  it 
rupulsiou  of  otht-rn,  the  asc<.mt  of  water  in  narrow  tubes,  and  a  multitud 
of  curious  phenomona  which  arc  descrilxMl  in  works  on  Physics,  under  til 
lieiul  o(  initlr.caliir  aclions.  From  all  Ihi-se,  triu'  cbtniical  attraction  may  T 
At  once  distinguished  by  the  di-ep  and  conipb-le  chuugi'  of  charaiters  whi<s 
follows  its  exertion  :  we  luight  indeixi  licllne  atiiuity  to  bo  a  force  by  wluQ 
new  sul>stauces  are  generato). 

It  seems  to  lie  a  general  law  that  IxKlies  most  op])ose<i  to  each  other 
chemiiMl  propmties  evince  the  greatest  teuilency  to  enter  into  com  biuatioiil 
and,  wmversidy,  Isjilii-s  betwi-en  which  strong  analogies  and  resemblaiu 
can  Iw  trac<<d  manifest  a  much  smaller  amount  of  ututu.il  attraction.     F4i 
example,  hydrogen  and  the  metals  tend  vt  ry  strongly  iudi-cd  to  uombia 
with  oxygen,  chlorine,  and  i'wline,  but  the  attraction  between  the  differefl 
members  of  these  two  grou|is  is  oomparativoly  feeble.    Sulphur  and  pho 
phorus  stand,  as  it  were,  midway:  they  combine  with  substances  of  on 
and  the  other  class,  their  properti««  separating  them  siifficicnlly  from  InthJ 
Acids  are  drawn  towards  ntknlies,  and  alkalies  towards  acids,  while  unio 
among  themselves  rari'ly  if  ever  takes  place. 

Nevertheless,  chemical  combination  graduates  bo  imperceptibly  into  me 
mechanical  mixture,  that  it  in  often  impossible  to  mark  the  limit.  Solutio 
is  the  result  of  a  weak  kind  of  affinity  existing  betwi-i-n  the  sulwlance  dl 
8c4ved  and  the  solvent — an  affinity  so  feehlo  as  com])letely  to  lose  one  < 
its  most  prominent  features  when  in  a  more  exalted  eoiulitiivn — nanielj 
power  of  causing  elevation  of  temperature ;  for  in  the  act  of  mere  solution^ 
the  temperature  falls,  the  heat  of  combination  l*ing  lost  and  overiiowered 
by  the  effects  of  change  of  state. 

The  force  of  chemicjtl  attraction  thus  varies  greatly  with  the  natnrc  of 
the  substances  between  which  it  is  exerti'd  ;  it  is  intluenci-d,  moreover,  to 
a  very  large  extent,  by  external  or  adventitious  circuuistanc-es.  An  idea 
formerly  prevaile<l  that  the  relations  of  affinity  were  (Ixed  and  eonstanl 
between  the  same  sulistances,  and  great  pains  were  taken  in  the  prepara- 
tion of  tables  exhibiting  what  was  called  the  prec*>dence  of  affinities.  The 
order  pfiinted  out  in  tliese  lists  is  now  acknowledged  to  re])resent  the  order 
of  preci-denc*'  /i>r  Ihe  circumtlancrs  under  which  the  experiments  w>'re  made, 
but  nothing  more  ;  so  »o«in  as  thi^se  circumstances  tK'come  changed,  tlii| 
order  is  disturbed.  The  ultimate  effect,  indeed,  is  not  the  rc«uU  of 
exercise  of  one  single  force,  but  rather  the  joint  effi"ct  of  a  numlier,  so  i 
plicateil  and  so  variable  in  intensity,  that,  in  the  greater  numlier  of  w 
It  IS  not  piig.iihie  to  predict  the  consc(\uence3  of  a  yi^t  untried  cxi>eriiuenti 
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It  »in  N^  tTvir-«!r  to  exuDine  shortly  some  of  tliesp  extraneoDS  causes  to 
•hicii  j'  Ls  iiefD  nuuix,  whicli  uiudil'y  to  iiu  great  an  extttut  the 

tirrct  ti.  !  •■ff'H-ta  uf  the  spi'cilic  attrnutive  I'orce. 

AllTz'  .turemay  tio  nfokoned  anioiig  ilii«e.   When  melalliu 

■rrmr.  ■■  ly  to  its  boiling  point,  and  in  that  stalf  fX]io»f(l  for 

*baf  tiui.-  KJ  iri"-  (ur,  it  alisorlia  oxygen,  and  Iwoomea  converlwl  into  a 
tiA-tvi  rrjstalliiie  jiowdi-r.  This  wry  Buuie  Hulistancu,  when  raised  to  a 
•Ifll  ttiglkKr  U-'tiijitTiiture,  sepuratea  sjjontaneoiisly  into  luotallio  mercury 
UitXfgea  gtta.  It  may  be  said,  and  proiiably  witii  truth,  that  the  latter 
•tau/c  I?  f  r-atly  aided  by  the  fendenuy  of  tlie  metal  to  a«:iunie  the  vaiKirous 
«i  r.-ciitely  the  same  fact  U  observed  witli   another   metal,  pal- 

U.  .    io   not  volatile,  excepting  at  extremely  high  temiieraliires, 

hn  »U»  '  i  illy  at  a  rwl  heat,  and  again  becomes  ruduced 

tkM  Ui-  I'l  whiteness. 

Jui.t,.  i»»i-i  ill.  1"...  i-i  uf  vaporisation  are,  perhaps,  beyond  all  other 
_  Misea,  U»e  most  (Kitent ;  they  interfere  in  aluiiwt  "every  reaction 
^**  t»tu»  plum,  and  vary  freiiuenlly  turn  the  scale  when  the  0])iioKed 
hMi  do  nut  greatly  dilfer  in  energy.  It  is  easy  to  give  exanijiles.  When 
talatktti  of  i-aU-ium  chloride  is  mixni  with  a  solutien  of  auimonium  car- 
ksMa,  doable  iutorehangeemiaes,  calcinm  carlionate  and  ammonium  chlo- 
NiaMBfr  p«i..r»t«l:   CaCl,  +  (NH,),CO,  =  faCO,  +  2.Nll,a.     Here  tho 


«T»« 


«  n  to  be  in  a  great   measure  detei-mine<l  by  the  insolu- 
am   carlwuate.     On   the  other   hand,  when  dry  cahiuHi 
jM.%>ilered  and  mixed  with  ammonium  chloride,  and  the  whole 
ia  •  r«'t"rt,  a  sublinialo  of  anmioniiim   eiirbonate  is  formed,  while 
ehloridc  remains  behind.     In  this  instanci-,  it  is  no  doubt  the  great 
^■lltlty  of  li>«  new  auimoniacal  salt  which  thielly  determines  the  kind  of 
tioti. 

iron  fllings  arc  heat«l  to  redness  in  a  porcelain  tube,  and  vnjMir 

If  vatcr  i>  passed  over  them,  tho  water  undergoes  decomposition  with  the 

facility,  hydrogen  bring  rapidly  disengaged,  and  the  iron  converted 

vxidr.      On   the  other   hand,  oxide  of  iron,  heated  in  a  tnlie  through 

•  strauu  of  dry  hydrogen   ia    passed,  sulTcrs   almost   inslaiilanious 

ndartinn  U>  Iho  metallic  state,  while  the  vapor  of  water,  carried  forward 

\f  ttm  etUTMJt  of  gas,  escaix-s  as  a  jet  of  steam  from  the  extremity  of  the 

,     In    tjn-se  ex|)eriments,  the   affinities   Iwtween  the  iron  and  oxygen 

tb«    brdropen  and  oxygen  are  so  nearly  halaneed,  that  the  dillerence 

<«IBMpA«rr  ia  sufficient  to  settle  the  point.     An  atmosphere  of  steam  oflers 

ttOj'  r<-«i»tan(V  to  the  escape  of   hydrogen ;  an   atmosphere  of  hydrogen 

.mo  relation  to  steam;  and  this  apparently  trilling  ditlerence 

■ices  in  quite  enough  for  the  purpose. 

t-*  r.-illed  tliP  na»rint  tiair  is  one  very  favorable  to  chemieal  conibi- 

Tliu«,  nitrogen   refuses  to  combine  with   gaseous   liyilmgcn  ;  yet, 

.t..-n    llle^Ml  suliHlani-es  are  simultaneously  lilierated   from  some  previous 

^iKmliiili    they  unite  with  great  ease,  as  when  organic  matters  are  de- 

tfmgrad  l>v  beat,  or  by  spontamsius  putrefactive  change. 

^  '  1  »  remarkable,  and,  at  the  same   time,  very  extensive  elass  of 

'injwil  together  nuiler  the  general  title  of  cases  of  difjiMnij  njfimtii. 
%-■  -r  d>»-s  not  oxidixe  at  any  tempi-rature  :    nay,  more,  ita  oxide 

k  imposed  by  simple  heat';  yet,  if  the  finely -<livided  metal  be 

Klj^l  Kiiii  8ilice<ius  matter  and  alkali,  and  ignited,  the  whole  fusi«  to  a 
ydVnr  intiwparent  glass  of  silver  silicate.  Platinum  is  attacked  by  fused 
MtMMlnin  hydrate,  hydrogen  lieing  jirobably  disengaged  while  the  metal 
kMMIatd  :  'this  is  an  effeot  which  never  happens  to  silver  under  the  same 
drvoiBaUneM,  although  silver  is  a  much  more  oxiiiable  substance  than 
pIxtlDOiB.  The  fact  is,  that  potash  forms  with  the  oNideof  tho  last-nani.Hl 
kind  of  saline  t-oinpouaii,  ia  vhich  the  platinum  oxide  acta  08  a.tt 
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acid  ;  and  Ucnoo  its  formation  under  tlie  dispoiing  influence  of  the  powe 
base. 

In  the  remarkable  decompoaitions  suffered  bjr  various  or|;anic 
wbuu  heated  in  contact  with  cauiitic  alkali  or  liuie,  we  have  other  examp 
of  the  same  fact.     Pro<iuotti  are  generated  which  are  never  formed  iu 
alweuue  of  the  base  ;    tlie  reaction  ia  iurariahly  less  u(>mplicate<l,  and  I 
rettulUi  fewer  in  uuml>«r  aii<l   muru  delinitc,  than  iu  the  event  of  «iuip 
destruction  by  a  graduute<l  heat. 

There  is  yet  a  still  more  obscure  class  of  phenomena,  called  catalytic,  in 
which  etfecta  are  brought  nU>ut  by  the  vinTo prettnee  of  a  substance  wliich 
itself  undergot^  no  p<'rcc|jlil>le  change  :  the  experiment  mentioned  in  the 
chapter  on  oxygon,  in  which  that  gas  is  obtained,  witli  the  greatext  facility, 
by  beating  a  mixture  of  potassium  cliiorate  and  uuuiganese  dioxide,  is  a 
ease  in  point.  The  salt  ia  itecompused  at  a  very  for  lower  temperature  than 
would  otherwise  be  required,  and  yet  the  luauganrae  oxide  does  not  appaa^a 
to  midiTga  any  alleraliou,  being  found  alter  the  experiment  in  the  aaJHM 
state  as  liefore.  It  may,  however,  undergo  a  temporary  alteration.  W«V 
know,  iudeeil,  that  this  oxide  when  in  contact  with  alkalies,  is  capable  of 
taking  up  an  additional  proportion  of  oxygen  and  forming  manganic  acid  ; 
and  it  is  quite  possible  that  iu  the  reiKtion  just  considered  it  may  actually 
take  oxygen  from  the  potassium  chlorate,  and  pass  to  the  state  of  a  higher 
oxide,  which,  howevi«r,  is  imnitMiiately  deoom)>osed,  the  additional  oxygen 
being  evolved,  and  tlm  dioxide  returning  to  its  original  state.  The  same 
effect  in  facilitaliug  the  dueom|K)sition  of  the  chlorate  is  proiiuued  by  cuprio 
oxide,  ferric  oxide,  and  lend  oxide,  nil  of  which  are  known  to  l>e  suscep- 
tible of  higher  oxidation.  The  oxiiles  of  xiac  and  magnesium,  on  the  con- 
trary, wliich  do  not  form  higher  oxides,  are  not  found  to  facilitate  thn 
decomposition  of  the  ehlornte ;  neither  is  any  such  oifcct  produc<Hl  by 
mixing  the  salt  with  other  pulverulent  substances,  such  as  pounded  glass 
or  pure  silica. 

The  so-called  catalytic  actions  are  often  mixed  up  with  other  effects 
which  are  much  more  intelligible,  as  tlie  action  of  finely  divid<<<l  platinum 
on  certain  gaseous  mixtures,  in  which  the  solid  appears  to  condense  the 
gas  upon  its  greatly  extended  surface,  and  thereby  to  inducv  (yimbination 
by  bringing  the  particles  within  the  sphere  of  their  mutual  attractions. 


Influence  of  Pressure  on  Clianieal  Action, — When  a  body  Ui  decomposed 
heat  in  a  confined  spaoo,  and  oni'  or  more  of  the  separated  elements  (ulti 
mate  or  proximate)  ia  gaseous,  the  deuompoHitiun  goes  on  until  the  libe- 
rated gas  or  vapor  has  attained  a  certain  tension,  greater  or  l(.«s  according 
to  the  temperature.  So  long  as  this  temperature  remains  constant,  no 
farther  decomposition  takes  place,  neither  d<K«  any  jKirtion  of  the  sepa- 
rated elements  rec^mbine  :  but  if  the  temperature  Iw  raised,  decomposition 
ruoommeuces,  and  gtwa  on  till  the  liberated  gas  or  vapor  has  attaimsl  a 
certain  higher  tension,  nlso  definite  for  that  particular  temperature  ;  if  on 
the  other  hand  the  temperature  1)0  lowered,  recomiMisition  takcw  place, 
until  the  tension  of  the  remaining  gas  is  reduced  to  that  which  corresponds 
with  the  lower  ti^mperature.  These  phenomena,  which  are  closely  analo- 
gous to  those  exhibite*!  in  the  v«{)ori?.ntion  of  liquids,  have  lieen  nspfK'ially 
studied  by  Deville  and  Debray.*  Deville  designates  decomposition  under 
these  conditions  by  the  term  "Dissociation." 

When  cnlrium  mrlumitf  is  heated  in  an  iron  tnbe,  from  which  the  air  has 
biH<n  exhnusteil  by  means  of  a  mercury-pump,  no  d<'coinpositiou  takes 
place  at  300-',  and  a  scjircely  perceptible  deconii>osition  at  440O  ;  but  at 
600°  (in  vapor  of  ca<lniium)  it  becomes  very  i«T<eplilile,  and  goes  on  till 

*  Vatt<>«  Oictlootry  of  C'bcfnlitry,  flnl  Sujipliiment,  p.  *li. 
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tiw  trw*^*'"  of  the  evolved  carbon  dioxidu  bt<uomes  equivalent  to  85  inilU- 
>f  r  %'  ;  there  it  slops  ou  long  an  tliu  tempuraluru  reiuaius  cuii- 

^  ii'i'g  tlie  tempvratuic  to   Ul4lV  (iu   vajiur  of  ziuc)  luoru 

1^'.^.'.'.   .^  cvulvt^d  luilil  A  tetiiiiuu  etjuivaleut  to  aUjut  l'J,0  uim.  lit 
If  ibe  toiisicm  be  rnluceil  hy  wurkiiig  tlic  pump,  it  in  suoa  re- 
lo  ilB  tcinurr  value   l<y  a  frvsli  uvolutiou  of  carbon  dloxiile.     If,  on 
til*  olber    baud,  tiiti   apparatus  U'  alluwud  to  cool,  the  varUju  dioxide  ia 
;rv*tiiMr  rtralisurbed  by  Ibu  quickliuiu,  aiid  a  vacuum  is  rc-c^tablislti'd  in 

I  J  t-uomtsna  are  exhibited  in  the  efflorvsoenco  of  hydratwl  sslta, 

L  —  IP    ii><-   <l>'cuiii|H»itiou  ot  the  oompouuds  of  ainmuuia  with  luc-tallio 
HH^BttoBi  in  cliMiil  «i>acus. 

^^Sftr  ■! .•.t...,..,)    l.Hly,  aa  wt'll  as  one  at  least  of  its  constituents,  is 

gwagn-  :  Me  to  iibtnin  an  exact  uieasurrmcut  of  ihc  ujaxiuium 

iMKhaci  iMth  tlictrnipcratun- ;  ncvcrthelt'ss  thodccoiuposition 

ii  hvoa  to  (ak«  pl.itv  ucuordiug  to  tlic  siuiiu  general  law,  ceasing  us  soou 
M  Ui»  l)t>-ratcd  g;aM-s  hiivu  obtaiucd  a  certain  tension,  which  is  greater  08 
til  '  ^lure  is  liigher. 

Mg  Iwi'n  iuiown  tliat  choinical  combination  Ixdweon  any  two 
Wiiii  1  .ij..im1o  of  uniting  directly,  takes  place  only  at  and  alxive  a  certain 
leBptrmtutv.  and    that  the  ■'ombinatiou  is  broken  up  at  a  biglier  tewpera- 
tar»;  but  it  is  only  in  later  years  that  we  have   liecume  aci|Uiuute<i  with 
tkc  (act  that  Uxlies  like  water  begin  to  deoomjxwe  at  temperatures  con- 
■adarsMj  below  that   wliieli  they  produce  in  the  act  of  combiaiiig,  and 
that  their  combination  at  tbat   temp<Tature  is  never  complete. 
ahowed  some  years  ago  that  water  is  resolved  into  its  elements  in 
ith  intensely  igniteil  platinum.     This  reaction  has   been   moro 
ttimtif  slu<Lie<I  by  Deville,  who  limls  tliat  when  va|>or  of  water  is  passed 
jj.-  ..  _i.       1       .    1  platinum  tube,  decomposition  commences  at  9tJClQ_l0()<.O 
(-  1^  point  of  silver),  but  proceeds  only  to  a  limit<sl  extent; 

tu  ;.-.-_.  -  1  ui|K'raturu  to  12(HI0,  further  decom|>osition  takes  pla(«, 
hat  acain  only  to  a  limitiid  amount,  ceasing  in  fact  as  soon  as  the  lib(<rate<l 
Oljrgot  and  hydrogen  have  attaimnl  a  n-rtnin  higher  tension.  The  <{uantity 
tl  tb<*«  gasee  actually  ciollecle<l  in  this  experiment  is,  however,  very  small, 
tlM>  |rr<>»t«r  jKirtion  of  them  revombiniug  as  they  pjiss  through  the  cooler 
j-L  r  itus,  till  the  tension  of  the  remainder  ia  reduced  to  that 

•  -i  with  Uie  lower  temperature. 

i  !■'  I iiii.iii;iiinn  of  the  gas>-j  may  Ik-  preventejl  to  a  certain  extent  by 

Beans  of  an  apparatus  consisting  of  a  wiiie  tulie  of  glazisl  eart ben-ware, 

ilirmieh  till-  axis  iif  which  passi-s  a  narrower  tulie  of  porous  earthen-ware, 

I  Is'ing  tightly  fitted  by  perforated  corks  provided  with  gas-delivery 

lud  the  whole  strongly  lieated  hy  a  furnace.     Vajjor  of  water  is 

(>«.>■  hI  thrnugh  the  inner  tulie,  carbon  dioxide  through  the  annular  spnoo 

belwcKiJ  tlic  two,  and  the  gases,  after  pn.ssing  through  the  }irat<il  tulwa, 

over  caustic  jiatash-solution.     The  vapor  of  water  ia  then 

by  the  heat  as  before  ;  but  the  hydrogen,  according  to  the  laws 

•     '  ■I's  through  the  porous  onrthen-ware  into  the  surrounding 

Btna>r  '"n  ilioxiile,  being  thus  ticparnti-d  fruru  tin'  nxygen,  which 

MBuin  I iier  tube,  and  Is'conies  mixinl  with  carlion  dioxide  passing 

dkniii;;)!  the  jKimus  septum  in  the  opjxwite  direction  to  the  hydrogen.    As 

Qtt»r  gases  pass  through  the  alkaline  water,  the  carbon  dioxide  is  alisorK-d, 

and  a  mlxturu  of  hydrogen  and  oxygen  collects  in  the  receiver.     A  gram 

of  water  pnjiswl  in  the  state  of  vajKir  through  sudi  an  apjiaratus  yieliis 

aboot   >  're  of  detonating  gaa. 

The  lu'o  of  pressure  is  seen  also  in  the  action  of  aeida 

Opnn  /....,  ■■.  ....    . ;. .  trolysis  of  water,  in  seab-<l  tubes.     In  these  cases 

the  eliminathin  tit  a  gtts.is  an  c«sentiaJ  condition  of  tliu  chango,  and  WSa 
22 
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bciriB  prcvcntpd,  llic  BClion  iu  ri-larili-d.     On  the  olluT  hanri,  Ihir*  _ 
nanii.-ruus  n-actioiia  wliich  are  greatly  promoted  by  increnseil  prusDUDH 
tbose,  iiaiui'ly,  wliicli  <if|>ciul  on  tlie  aulution  of  gaam  in  liqui<l»,  or  on  tli« 
prolongoil  TOUtact  of  sulKitaucvs  wliicli  uuder  ordiuary  pressure  would  lie 
volutilixod  by  heat. 

lielationt  of  Ural  to  Chemical  Affinili/.—^'bntvwT  may  be  the  rrinl  natii 
of  eheiuii-al  a0uity,  one  luiwt  important  fact  in  clearly  estn)iliHh<«1  wl 
regard  to  it ;  namely,  that  its  uianiferitatiouii  are  nlHtiyii  newnipanieH 
the  jiroiluctinu  or  annihilation  of  heat.     Change  of  cniii])08iti(in,  or  uhri 
cul  tirtiiin,  and  heat  are  mutnnlly  convertible :  a  given  amount  of  chemi 
notion  will  give  rise  to  a  wrtain  definite  amount  of  heat,  which  i|nantl| 
of  heal  must  l>e  directly  or  indirectly  expended,  in  order  to  reverse 
undo  the  chemical  action  that  lia«  produced  it.     The  production  of  hi 
by  chemical  neliou,  and   the  delluite  quantitative  relation   belneen 
amount  of  heat  evolved  and  the  quiuitity  of  chemiral  action  which  ta' 
place,  are  roughly  indicat>-d  by  the  facts  of  our  ino»t  familiar  experien 
thuH,  for   instance,  the  only  praotieally    important  iiu-thod   of  prodoci 
beat  artificially  con»iBtn  in  cliiingiug  the  eleniint*  of »  o<m1  nmi  i-oaf,  togetl 
with  atmospheric  oxygen,  into  carbon  dioxide  and  water;  and  every 
knows   that   the   heal   thus  nblnitxible   from  a  given   quantity  of  coal 
limiteil,  and  m,  at  Ictuit  ap]>ruxitnately,  alwnVB  the  »nme.     The  aeeuri 
measurement   of  the  (lunnlity  of   heat    prodiice<l   by  a  given   amount 
o)i«mical  aetiou   in  a  |>roblem   of    very   great  diltlcully  ;    rbielly   bectai 
chemical  changia  very  seldom   take  plaeii  alone,  but  nrn  nlnu«t  nlw: 
occonipanieil  by  physical  changes,  involving  further  caloriinelrie  elfei 
each  of  which  requires  to  be  accurately  measured  and  allnwe«l  for,  U' 
the  eO'ect  due  tti  the  chemical  action  van  be  rightly  estimate)!.     Thus 
ultimate  result  has,  in  most  i-aBi-s,  to  lie  deilnnyl   fnim  u  great  numlM-r 
inde|>enilent  meavurementii,  each   liable  Iji  a  certain  amount  of  error, 
is,  therefore,  not  surprising  that  tlie  resultti  of  various  experiments  aho' 
diller  to  a  comparatively  great  extent,  and  that  Dome  uncertainty  »hoi 
filill  exist  as  to  the  ex.ict  quantity  of  heat  corresponding  with  vT«n 
simplest  cases  of  chemical  action. 

The  experiments  are  made  by  inclosing  the  acting  snlatann-a  in  a 
sel  called  a  calorimeter,  surroundiMl  by  water  or  mercury,  the  rise  of  t 
peratiire  in  which  inilicat<-9  Ibe  quantity  of  heal  evolv.-d  by  the  rhen 
action,  after  the  necessary  corn-ctions   have  been   uimle  for  Ibe  heat 
sorlx-d  by  the  containing  vessel  and  the  other  parts  of  the  nppnrali 
for  the  amount  lost   by  radiation,  etc.     Combustions  In  oxygen  a 
rine  are  made  in  n  mpper  vessel  snrroundiHl  by  water  ;  tlo'  heal 
by  the  mutual   action  of  liquids  or  tlissolvi'd  sulistances  is  eslimaled 
oienns  of  a  nmnller  calorimeter  containing  mercury.     The  i-nnstrnotion 
those  instruments  and  the  mellioiia  of  obscnration  luvolvu  detail*  w 
are  l)cvond  the  limits  of  this  work.* 

The'  following  table  give*  the  quantities  of  heat,  expressed    in  bi' 
units, t  evolved  In  the  nouibiuttion  of  various  elenii'nln,  nnd  a  few 
pounds,  in  oxycen.  referred:    (1)  to  1  pram  of  each  sulwlance  bu 
(2)  to  1   grani  of  oxviji-n  o^nsunied  :    (:i)  to  one  atom  or  moleculii  (q 
jtressisl  in  grams),  of  the  various  subetances  : — 

•  See  Mlt|er'«  CTicinlvsl  rhyslns,  pp.  SW.  rt  »tf.,»m\  W^tls's  DKMonarjf  of  < 
ml''  i(i». 

1  I  licsl  het«  uJopted  Is  U>c  quaatllf  of  beat  m)ulrcd  to  ralM  I  (T«a 

ol  "  r  lol>'0. 
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^_               Heal  of  CombtUtUm  of  JEUmmtari/  SubstaaceM  in  Oxygen,                     ^| 

Product. 

Unit*  of  heal  evolved. 

Obierrrr. 

By  1 

Byl 

By  1  at. 

grniu  of 

gram  of 

Ol  (Ub. 

«ut>itaocc. 

ox;g«u. 

•Uuee. 

u,o 

:«S81 
>44t;2 

4235 

33881 

Andrews. 

BTdrogeo 

43ut< 

344t>2 

Favre  &  Sillwr- 

Carino — 

[mouu. 

Wnod-chkrooal 

CO, 

1  -'.100 

(  HOW) 

2fl02 
3ti:$0 

i>4SO0 
!tt;!»UO 

Andrewd. 
FavreJt  Sillier- 

'                 '.  carbon  . 

11 

81147 

31118 

9(i5(U 

"[maun. 

i|iliito 

«< 

77U7 

2»24 

ii35ti4 

•' 

;r»|)lute. 

<l 

77G2 

2911 

il3144 

II 

!•    .    ...      :  1 

11 

7770 

2914 

93940 

11 

8<i;i....n — 

N»ti»*  . 

SO, 

2220 

222(1 

71040 

II 

Jtcorntir  mrll<!<l     . 

*t 

2200 

2200 

72320 

11 

riiiwem 

CI 

2307 

2307 

73821 

Andrews. 

fbavpbiirus^ 

CT«Uow)        .        . 

PA 

fi747 

4454 

178157 

^k 

Om          .        .        . 

ZnO 

13:» 

53UO 

8(>450 

^^1 

IMHI  •            •            •            • 

I'e.O, 

i:,.H2 

41. '13 

88.'i!l2 

^H 

Tl«  .        .        .        . 

Sni), 

1147 

42.)0 

135360 

^^1 

Coff^      . 

CuO 

603 

23il4 

36304 

••  ^ 

V  ing  results  bavu  Ik.<uii  obUunod  bjr  the  complete  oumbnBtion     ^| 

W  I                 oxidizeil  sulwtaucud : —                                                                         H 

8«bM«aee. 

Prodast 

IToltt  of  heat  evolved. 

1 

By  1  cram 

lo  formation 
of  I  molecule 

Observer            H 

■ubstjioce. 

of  the  ulllmate  1                                   ■ 
proflitct.                                                ^M 

Cutnn  monoxide,     ) 
"«     ...    J 

CO, 

«3403 
t2431 

B7284              (KavreASil- 
''^-**            1      lH.rmann. 

G80M            Andrews.             ^ 

>uiiiioiu  oxide,  SuO 

SnO, 

519 

(!il584                             ^^^1 

CapRMia  oxide,  Cu,0 

CoO 

256 

18304                              ^^^ 

The  laat  thrtw  »nbfitAn»«  in  this  taltle  oontnin  exnctly  half  as  inu(;h 

asvgrn  aa  tin-  complctt'Iv  oxiilixtvl  ]>rr)diict!i :  uiid  c 

n  t'4iii)puriniz  the  anioviiit 

•f  ileal  fTolvfd  in  tln>  rorruAtion  of  one  ii 

lolecule  of  .■ftniiiiii-  or  ruprio  oxide 

fttmi  tli«^  iiornn*i»ondin^'  Iowit  oxidt*,  wit 

1  the  uiianlitv  pr<Hluced  when  a 

Moli-rulo  of  tlie  (tame  product  is  formed  by  the  complete  oxidutiim  of  the 

KvIaI  lit  onu  operation,  we  fliid  that  the  combination  of  the  Hecond  half  of 

Utr  oxyi;eii  oiiiitaiiied  in  tliuxe  IxHlieg  evolves  sensibly  half  asi  muih  a«  the        JL 

"""■""""] 
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howi'rer,  the  second  lialf  of  tlio  oxygen  appears  to  develop  more  tlinn  t» 
tbinia  of  tlio  total  amount  of  lioat ;  but  thia  nwult  in  prolKilily  liuf, 
pnrl  at  U'ast,  to  tlie  fact  tlinl  wlivu  carlnin  id  liiiriiv<l  ii>lo  tnrlHin  ilioxiiti 
a  considerable  but  unknown  quantity  of  beat  is  ex}>vu(led  in  oouvertin 
tbu  solid  carbon  into  gaa,  and  tbus  esuapes  nieasuri'Uient :  while,  in  CJI 
bon  monoxide,  tlie  carUin  alrea<ly  uxists  iu  the  gaseous  form,  and  tbei 
fore  no  portion  of  the  heat  evolvinl  iu  the  combuHtion  of  this  8ulwtauc« 
similarly  expended  in  producing  a  change  of  ittate. 

It  seems  probable,  aUto,  that  a  similar  explanation  luay  b«  given  of  tlio 
inequalities  in  the  quautitiiss  of  heat  pruduovl   by  the  uorabustlon  of  dif 
ferent  varieties  of  pure  carbon  and  of  sulphur — that  is  to  say,   that 
portion  of  the  heat  generated  by  the  combustion  of  diamond  and  graphilj 
gw»  to  aissimilate  their  molecular  condition  to  that  of  wood-idiarcoal,  an 
that  there  is  an  analogous  expeudituro  of  heat  iu  the  combustion  of  oatif 
sulphur. 

The  quantities  of  heat  evolved  in  the  combination  of  chlorine, 
and  io<line  with  other  elements  h»ve  U-eu  determined  by  Pavre  and 
lieruiann,  Andrews,  and  others  ;  bat  we  must  refer  to  larger  works  fur  i 
results.* 

Rmrlioni  in  Ptaence  of  Water. — The  thermal  effects  which  may  rcaul^ 
from  the  reaction  of  different  substanuea  on  one  another  iu  pn-Kencc 
water,  are  more  complicated  than  those  resulting  from  direct  eowbiiialii) 
In  a<idition  to  the  different  specitie  beats  of  the  re-agents  ami  prwlua 
to  the  different  quantities  of  heat  absorbed  by  them  iu  ilisbolviug,  i 
out  by  them  in  cnmbining  with  water,  the  convention  of  soluble  sul4 
int))  insoluble  ones,  as  a  consequeuf^e  of  the  clieuiic.il  action,  or  tho  t 
change  of  insoluble  into  soluble  bodies,  are  among  the  sevondary  can 
which  part  of  the  calorimetrio  effect  may  lie  due  in  theas  cn-xes. 

When  a  gas  dissolves  iu  water,  the  heat  clue  to  the  chemical  action 
augmented  by  that  due  to  the  liquefaction  of  the  gas  ;  so  bIko  when  a  soU 
body  is  dissolved  in  water,  the  total  thermal  elfi'ct  is  due  in  part  to  til 
chemical  aetion  taking  place  Iwtwenn  the  water  and  the  solid,  and  In  pal 
to  the  liquefaction  of  the  sulislnnce  dissolvul.  In  the  former  case 
chemical  and  physical  parts  of  the  phenomena  l>oth  can  '    'i.in 

heat;  in  the  latter  case  the  physical  change  occosion.s  ..  ,.;.. 

heat,  and  If  this  effect  is  greater  than  that  due  to  the  ch<  i; >u,  I 

ultimate  effect  is  the  production  uf  oold,  and  it  in  this  whioh  is  genera 
oliserveij. 


Colfi  jtndHmt  III/  Chimical  DKmitpontwn,—lt  is  highly  prolwhle  that  tt 
thermal  effect  of  the  reversal  of  a  given  chemical  action  is  In  all 
{•qiial  and  opposite  to  the  thermal  effect  of  that  action  it«elf.     A  i 
eonseqiienoe  of  this  |>r(i|uMilic>h  is  I  bat  the  teiiimlinn     ■  '       Ixudit 

lemUii  wit/i  the  nhgorfitinit  nf  a  ijitatititif  of  hfat  a/mii  to 
Ihrir  mniliinatioH.     The  truth  of  tliix  de<luctinn    hi»-  rima 

«»tabliahed  in  various  coses,  by  WikhI.I  Joule,}  and  I 
by  comparing  llie  heat  evolve<l  in  the  electrolysis  oi    i  cT 

or  solutions  of  metallic  salts,  with  Dial  which  Is  deveUqtu.!  ni  a  ihiu  mittd 
lie  wire  by  a  current  of  the  same  slrengUt :  also  by  u<mi|>.irii|uin  of  the  h<4 
evolviil  in  jiroi'eksns  of  c<iiiibinAli<>n   aei'<mipani>'<l  by  simultaneous  deeon 
po«itl(in,  with   that  evolved  wlifU  the  sauiu  uumbination  ouuum  Uitwv 
free  elements. 

By  duturmloing  tbs  bsat  •rulved  when  different  metals  were  diasolvli 


•  V'tllr't  Dletlnaary  nf  Ohrmlttrr,  III.  IM. 
f  fbll.  Mag.  [tl  U.  Sua  I  it.  KTU. 
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ELECTRO-CHEMICAL    DECOMPOSITION. 

ia  wmtmr  or  dilute  acid,  Wootl  found  that  it  was  lusa  than  that  which  woo 
^  prodnnvl  l>v  the  dirt-ct  oxidatiou  of  thu  Bunie  metals,  by  a  ({uantity 
Mqaal  to  tliat  which  would  be;  obtainud  by  burning  the  liydrogeti  set  free, 
urwir    '  liiK'ndul  in  ditMiuiiMRiiiig  the  WBlcr  iir  acid  ;  uud,  thi-rrfore, 

tkat  -  lalt<-r  ijuautity  wfts  aililed  to  thu  n-sults,  tlicy  agreed  with 

Xhm  u; -_  „ivcn  by  cxpcriiuciilb  of  direct  oxidutiuu. 


KLBCTRO-CHEMICAL  DECOMPOSITION  ; 
VOLTAIC  PILK. 


CHEMISTRY  OF 


'  Wms  a  Toltaio  corrent  of  considerable  power  is  made  to  traverse  varli 
Wtinmimil   liquids,  u  separation  uf  the  elements  of  these  liquids  ensu 
fraritled  that  the  liquid  Ih.-  lupablu  of  conducting  the  current,  its  decol 
|Bsitii,n  nliiHK^t  always  IuIKiwh. 

T  <■•  are  disengaged  solely  at  the  limiting  surfaces  of  the  liquid, 

•fc.-j  iiugtotho  common  mode  of  speech,  the  current  enters  and 

iMtr*  Uto  littler,  all  the  intermediate  portions  appearing  perfectly  quiea- 
mmU  In  addition,  the  elements  are  not  separated  indiflerenlly  niid  at 
rBa4om  at  these  two  i<urfaet«  ;  hut,  on  the  contrary,  make  their  appesr- 
amz  with  {lerfeot  uniformity  and  conntaucy  at  one  or  the  other,  nc<K)rding 
I*  tkrir  chemical  character,  namely,  oxygen,  chlorine,  iodine,  acids,  etc., 
tX  thi-  surface  connected  with  the  cop/ter,  or  jMsiiire  end  of  the  battery; 
kjrdr«g«n,  tlie  metals,  etc.,  at  the  surface  in  couuectiou  with  the  tine,  oi 


wjafiiii!  extremity  of  the  arrangement. 
Tkata 


eoeaS 


r  tenninat'ons  of  the  battery  itself — usually,  but  by  no  means  ni 
Hrily,  oi  luelal — ;ire  designutt^d  poles  or  rJrelroilei,*  as  by  their  interven- 
I  Ibe  li4Uid  to  Lie  experimeutml  on  is  made  a  part  of  the  circuit.     Thtt 
of  decomposition    liy   the  current   is   called  e/rirro/yuM, f  and    the 
foiiis  which,  when  thus  Heated,  yield  up  their  elements,  are  denominated 


Wlien  s  pair  of  platinum  plates  are  plunged  into  a  gloss  of  wat-er  to 
wkicli  a  few  dTo|is  of  oil  of  vitriol  have  l>een  added,  and  the  plates  con- 
•ectad  by  wires  with  the  extremities  of  an  active  battery,  oxygen  is  dis- 
m^a^^  at  the  positive  electrode,  and  hydrogen  at  the  negative,  in  the 
|n/fiorUou  of  one  measure  of  the  former  to  two  of  the  latter  nearly.  This 
0]wTiliient  has  already  been  descrilH-iLJ 

A  Kilation  of  hydrochloric  acid  mixed  with  a  little  Saxon  bine  (indigo), 
■»!  trraleal  in  the  same  manner,  yield.s  hydrogen  on  the  negative  side  luid 
•Uorinv  on  the  positive,  the  incligo  there  iH-coniing  blearlied. 

PntMihiiii  l<«]i<li,'  disHolved  in  water  is  decnm|Hised  in  a  simil:ir  manner  : 
Av  f»w  ii.liiie  at  the  pfisitive  side  can  be  recognizwl  by  its  brown  color,  or 
ky  ■  !i  of  a  little  gelatinous  starch. 

.\  .ire  not  electrolytes  ;  many  refuse  to  conduct,  and  no  decom- 

.111  then  oocur ;  alcohol,  ether,  uumerons  essential  oils,  and  other 
■  if  organic  chemistry,  Itesidea  a  few  saline  inorganic  ami  pounds, 
I  lir.   manner,   and    completely  arrest    the   curreut  of  a    powerful 


1. 1      I 
lait-  t 


.1  Iho  most  important  and  indispensable  condilloni'  of  electrolyg; 


•  From  «A«T>tr,  and  ■■/:?,  s  wny 
t  V'rum  i/.tintit,  »di1  M<ti»,  in  luotc. 


t  PogclST. 
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is  flniility  ;  bodies  which,  when  rt^duccd  to  tlio  liquid  slate,  conduct  free!; 
and  an  frwly  aiillVr  di-uouiiMwition,  Ix'wjme  iusulaton*  to  the  electricity 
tlic  battery  whcu  tliey  lietouic  siilid.  Lead  cliloridi.'  tillers  a  goo<l  illusti 
lion  of  thiii  fact :  when  lu:<ed  in  a  ponx-lain  cruoililo,  it  gives  up  iU  el 
munta  with  tlie  utmost  ease,  and  a  galvanometer,  iuterposiHl  in  the  circi 
is  strongly  alfecteil.  But,  when  tlie  source  of  heat  is  withdrawn,  and 
Bait  sulTurud  to  solidify,  signs  of  decomposition  cease,  and  at  the  s 
moment  the  magnetic  uetMlle  reossumcs  its  uatural  position.  In  the  s, 
manner,  the  thinnest  Qlm  of  ice  arrests  tlie  current  of  a  [lowerful  v 
apparatus;  but  the  insliuit  the  ice  is  liquefied,  so  that  water  vommunii 
tiou  is  restored  Ix-tween  the  elcMitrodes,  the  current  again  passes 
decompositiou  occurs.  Fusion  by  heat,  and  solutiou  iu  aqueous  liqui( 
answer  the  purpose  equally  well. 

(Generally  speaking,  compound  liquids  cannot  conduct  the  electric 
rent  without  l>eiiig  dec-oiupoflc<l  ;   but  still  there  are  a  few  ex(»>ptious  to  thi 
statement,  which  ]wrhaps  are  luuru  apparent  than  real.     Thus,  Uitturf 
showu  that  fused  silver  sulphide,  wliicb  was  luruierly  regarded  as  one 
the  exceptious,  cannot  be  ciiusidererl  to  bu  so,  and  ISeetz  has  siucv  pruvi 
the  same  to  Ih!  tbe  case  as  regards  uierciirir  iodide  and  lead  Huoride. 

The  quantity  of  any  given   compimiid   liquid  which  can  be  decompoai 
by  any  given  electric  battery,  depends  on  the  resistance  of  the  liquid  :  t,' 
mure  resistance,  the  less  deuompusitiou.     Llistilled  water  ban  only  a  si 
power  of  cunductiuu,  an<l  is  therefore  only  slightly  decouiposed  by  a  bati 
of  30  to  40  pairs  ;  whilst  diluti.il  sulidiuric  aciil  is  one  of  the  best  of  d 
conductors,  and  undergutts  rapid  decomposition  by  a  small  battery. 

When  a  liquid  which  cau  be  decomjKised,  and  a  galvauumeter,  are  i: 
cludeil  in  the  circuit  of  an  electric  current,  if  the  utredJe  of  the  galvam 
meter  be  deflected,  it  may  bo  always  assumed  as  ccrtaiu  that  a  portion 
iiquid,  bearing  a  proportion  to  the  strength  of  the  curreut,  is  decuui]KJSed, 
although  it  may  be  impossible  in  many  ciLses,  without  special  conlriv- 
auctts,  to  detect  the  products  of  the  decompositiou,  ou  aoouuul  of  tin  ' 
luinuteuess. 

The  metallic  torruinations  of  the  battery,  the  poUis  or  electrodes,  havi 
in  themselves,  nothing  iu  the  shape  of  attractive  or  repulsive  power 
the  elements  separated  at  their  surfaces.     Kinely-dtvided  metal  sus{>eudail' 
in  water,  or  chUiriue  hehl  iu  solutiou  iu  that  liquid,  shows  uot  the  least 
symptom  of  a  tendency  to  accumulate  arimnd  them  ;  a  single  element 
altogether  unalfected — ilirei;tly,  at  le;ist ;  separatiou  from  previous  coiu 
nation  is  required,  in  order  that  this  appearance  should  be  exhibited 

It  is  necessary  to  examiue  the  process  of  electrolysis  a  little  more  closely, 
When  a  porliou  of  hydroclilnric  acid,  for  example,  is  subjected  to  di 
position  in  a  glass  vessel  with  parallel  sides,  chlorine  is  disengaged  at  the 
positive  electrode,  and  hydrogen  at  the  negative  ;  the  gases  are  jierfectly 
pure  aud  unmixe»l.  If,  while  the  deooraposition  is  rapidly  proceeiliug,  the 
interveuing  liquid  bo  examined  by  a  beaiu  of  light,  or  by  other  means, 
not  the  slightest  disturbance  or  movement  of  any  kiud  will  be  jierceived  ; 
uotliing  like  currents  in  the  liquid,  or  Ixidily  transfer  of  gas  from  one  part 
to  auotlior,  can  be  delisted  ;  and  yet  two  portions  of  hydrochloric  acid, 
separated  fK>rhaps  by  au  interval  of  four  or  five  inches,  may  be  respectively 
evolving  pure  chlorine  an<i  pure  hydrogen. 

There  is,  it  would  seem,  but  one  mo<le  of  explaining  this  and  all  similar 
cases  of  regular  electrolytic  decomixwition  :  this  is  by  assuming  that  aU 
the  particles  of  hydrochloric  acid  between  the  electrodes,  and  by  which 
the  current  is  conveyed,  simultaneously  suffer  decomjiositiou,  the  hydro- 
gen travelling  iu  one  direction,  and  the  chlorine  in  the  other.  The  iieigh- 
iMiriiif^  flomi'uts,  thus  brought  into  close  proximity,  unite  and  repioluce 
lijriirucbluric  acid,  again  destined  to  be  dcoomvose<l  by  a  rei>etiliou  of  the 


I 


CU£MI6TBY    OF    THE    VOLTAIC    PILE. 


259 


*1BC  ehan»«>.      In  thifi  aumoer  each  particle' of  hydrogen  may  he  made  to 

liaral  ii.  n,  I'.v  lj<!ix)iiiiiig  auwi-ssivtily  uiiilcd  to  uaoh  pnrtiole 

^  thlt)'  -''If  »>"1  ll"'  "•'j.'iilivn  i'li-clr(xlf  ;  wln'ii  it  ffuclu-s  llio 

latto'.  Uii'i4UK  11"  •.i^.iigagml  parlit'U-  of  cliloriut>  for  its  rt-ut-pticpu,  it  is  re- 
JiIkI.  as  it  w>4re,  fruui  the  it-rifs,  and  tlirunu  ufl'  in  a  Hi-pariitt<  stati-. 
T^  iBili«  tiling  bai>prns  to  each  {lurliclu  of  ciiluriue,  wliich  ut  tlie  sniue 
(a^  padse:*  eoiitiuually  iu  tlio  opposite  direction,  l>y  c<imbiuing  aucveg- 
ttTrJy  with  eAch  particle  of  liydrogeu,  that  mouimit  lirparated,  with  whicli 
Kaaala,  until  at  len^h  it  arrivte  at  the  positive  plate  or  wire,  and  i:i 
0BMig«(;ed.  A  Bura^esviou  of  partioleB  of  bydrogiMi  ig  thug  continually 
UOOTO  aiir  from  the  devoinixisiDg  nia«H  at  one  extremity,  and  a  i'orresiM>nd- 
iai;  s«cr«tsion  of  p^irliileii  uf  rhloriue  at  the  other.  The  {Hiwer  of  the  eiir- 
MBt  M  exerted  with  equal  energy  in  every  part  of  the  Uijuid  conductor, 

Fig.  UT. 

l@l@l@lg|g)lg|@ 

Hrdrocfaloric  told  In  its  usual  state. 

ftmgh  lt«  effwts  become  rannifi^st  only  at  the  very  extremities.    The  aetion 
il  MM  of  a  purely  muleuular  or  interiiul  nature,  and  the  metallic  tenuina- 


■ 
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Fig.  138. 
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Hydrochloric  aold  undergoing  electrolysis. 

of  the  battery  merely  serve  the  purpose  of  completing  the  conneottnn 
D  the  latter  and  the  liquid  to  be  decom]>oiied.  The  figure  137  and 
IJk  ar«  int^mtled  to  assiflt  the  tniaginntion  of  the  reader,  who  muRt  at  the 
Msne  tine  avoid  regarding  them  in  any  other  light  than  that  of  a  Home- 
>hat  fiiirorative  mode  of  representing  the  phenomena  descrihed.  The 
orrlia  ar«  intendL.d  to  indicate  the  elements,  and  are  di.'itinguiKhed  by 
Ibeir  nwpective  -iymlwU. 

Uke  hydrochlorie  a<^id,  all  eleetrolyt<-s,  when  aoted  on  by  electrieity,  are 
tftix  into  two  oonritituents,  which  pass  in  opixisite  dirM'tions.  Substances 
tl  Uw  one  claitg,  like  oxygen,  chlorine,  etc.,  are  evolvi^l  at  the  positive 
dstrnde  :  those  of  the  other  class,  like  hydrogen  and  the  metals,  at  tha 
■^ntirr  electrode. 
11  b  of  ini|iortanon  to  remark  that  oxygen-salts,  snch  as  sulphates  and 
hi'T\  aelixl  on  by  the  current,  do  not  divide  into  acid  and  basic 
hut.  *!«  Ilanii'll  anil  Miller  proved,  into  metal  and  a  coniponnd  sub- 
or  group  of  I'lcments,  which  is  transferred  in  such  a  state  of  asso- 
fhllon  that,  a«  regards  its  electrical  liehavior,  it  represents  an  element. 
na*.  cuiiric  sulphate,  CuS(),,  splits,  not  into  SO,  and  t'uO,  but  into  nie- 
IstHli  aippxr  and  mlfthione,  BO,.  Hydrogen  sulphate,  or  sulphuric  acid, 
HJ**^.  t^ivides  into  the  same  iximponnd  group  and  hydrogen.  In  a  similar 
ih>-  part  of  the  electrolyte  which  passes  to  the  negative  pelo 
!  of  a  group  of  flcment*.  A  solution  of  sal-auinioui.'ic, 
lM>autiful  instance  of  this  fact,  since  it  is  decomposed 


I 


NII.CI, 

by  the 

-uch  a  manner  that  the  fljiii/ioniuni,  KFI,,  gm-s   to  lUe  uegiilWo 
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pole,  w)ii>ru  it  iH  r«si>lv)<<l  into  Bmmonia,  NU„  And  (rm  liv<lr<ig»ii,  an<) 
t'liioriiKi  to  tlie  jwsilivp  pole. 

A  distini'litin  inuet  lie  cnrefully  drnwn  between  trne  and  n-giiUr  ri><ctr 
lysis,  aud  wlint  ih  cu1I<^  semiidary  decoiajtutiilion,  bruii^lit  alniut  hy 
reaottnn  of  the  ImkIii'ij  so  eliminated  upon  the  sarronmliug  lii|iiid,  or  U|4 
tbv  substance  of  the  electrodes  :    hence  the  advantage  of  pliitiniiiii  for  tl 
latter  purpose,  when  electrolytic  actions  are  to  lie  studieij  in  their  (i;rual< 
KiioplicKv,  that  un'tnl  being  scarcely  attacked   by  any  ordinary 
When,  for  exnuiple.  a  sululion  of  lead  nitrate  or  acetate  is  d>-iTiiiii|M 
the  current   between   ]ilntinuin  plates,  metallic   lead   is  di-jmsiiiil 
negative   side,  and  a    brown   powder,   lead  dioxiile,  at  the  pnnitive : 
latter  Ruligtance  is  the  re^ult  of  a  Bwondary  arliou  ;    It  pnmrols,  In 
from  the  nascent  oxygen,  at  the  moment  of  its  liberation,  reacting  nj< 
the  monoxide  of  leail  present  in  the  salt,  and  converting  it  into  dioxid 
which  is  insoluble  in  the  dilute  acid.     When  nitric  acid  is  decoui|H*(ed,  I 
hydrogen  appearti  at  the  negative  electrode,  because  it  is  oxidizol  at 
expense  of  the  acid,  which  is  reduci'd  to  nitrous  acid.     When   putaKsiii 
sulphate,  KjSO,,  is  cleclroliied,  hydrogen  ajiiiciirs  at  the  negative  rbclriK: 
together  with  an  equivalent  quantity  of  iMjlassluni  hydroxide,  KIU>, 
cause  the  pot.issium  which  is  evolved  at  the  electrode  imniedinlely  decoi 
poses  the  water  there  present.     At  the  same   time,  the  sulpbiono.  ^}g 
which  is  traiisferreil  to  the   positive  electroile,  takes  hydrogen   from  tl| 
water  there  present,  forming  sulphuric  ncid,  li,S(>„  and  liliera'ing  oxjg 
In  like  manner  hydj-ogen  sulphate,  or  sulpliuric  nvid  itself,  is  re«ol« 
thi-  current  into  hydrogen   ami   I'ulphioue,  which    latti'r  di'cnmpoa 
water  at  the  pcHilive  electrode,  repriKlucing  hydrogen  pulpbale.  an 
rating  oxygen,  just  as  if  the  water  itself  were  directly  der<.mi)os«J 
current  into  hydrogen  and  oxygen.     A  similar  action   takes   place 
electrolytic  docomimsition  of  any  otlier  oxygen  salt  of  an  alkali-m« 
alkaline  earth-metal,  alkali  ami  hydrogen  gas  making  their  appear* 
the  negative  electrode,  acid  and  oxygen  gas  at  the  po«itive  electrode, 
oliservation  exjtlBins  a  eircumstanet<  which  much  jHirplexisl  the  ea 
experimxnters  ujion   the  cliemical    motion  of  the  voltaic  battery.      In 
experiments  in  which  water  was  deeonipuse<l,  )x>t)i  acid  and  alkali  we 
lilwrnted  at  the  electro<les,  even   though   ilistilled    water  was   employe 
anil  hence  it  was  Ix'lieved  for  some  time  that  the  voltaic  current  )ind  «>i 
myst«ri<ius  jwwer  of  generating  acid  and  alkaline  matter.     The  trne  »our 
of  these  ooni)HiunilM  was,  however,  traced  by  Davy,*  who  ihowed  that  th4 
priN-ixoled  from  impurities  either  in  the  water  itself,  or  in  the  vi'osels  whi4 
containiMl  it,  or  in  the  surrounding  atmosjdiere.     llMviug  pr«ve>l  that  i 
dinary  distilled  water  always  contains  lr,ic<-«  »(  salini'  matter,  he  ri'distllli 
it  at  a  tempi'ralure  Ih'Iow  the  Ixiiling  jHiinl,  in  ordiT  to  avolil   nil    ri»k  i 
carrying  over  sails  by  spliishing.      He  then  found  thatwio'n  mnrbln  ci 

were  usi<d  to  c<iMtnin  the  water  nsol  for  di-conr- •     >      !■■ 

ap|M;ur<Ml  at  the  |uisitive  eb'clriNle,  Hi»la  at  Ibe  i 

from  siMllum  cblnride  present  in  the  marble  ;   m 

)ie  obtiiini-d  silica  :  and  when  hu  used  gold  vessels,  he  ol  >  ii4 

and  ammonia,  ubieh   he  traced   to  atmottphnrie  air.      Ft' 

vacuum,  indued,  the  quantity  of  a<'ld  and  alkali  u  ' 

mum.  but  the  deeompitsitiou  was  almost   arrt^tetl,  . 

witli       '  !   ■'  liis  of  '1-ineh   plate*.      IIitUci'   ii    m    ninini" 

Mill'  lit,  liul   (bat  it  i*  onaMud  to  oonroy  tli«  i 

U  it _,   11....  ~  v{  saline  uiatl«r.t 

Dffimtr  CkrminJ  Aiiiim  of  ihe  Klrrtrir  f.'Wrrfwr. — If  «  nnmWr  of  Mlfiir 
oilivlrolytim,  audi  a»  Ai\vA»  •u\{diarto  kcid,  uuprio  «ul|tii«ta, 


•  rjitlono/iMet)  Traaaaedons,  ttiOI. 
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Fig.  130. 


Irtllrlp,  ttisoU  I«iul  c.liloridf',  i>1c.,  Iw  «rr»nictd  in  a  series,  and  the  game 

.t  be  ma<li.<  to  Iravcreo  lUv  whole,  nil  vriJI  snOvt  ilceouiiioBiliiiii  nt  tlin 

i>mt".  Vint  by  no  moans  to  tUo  saimr  Bmotint.     If  «rrftngt«mi'iilis  li« 

11  iivli  llio  quKutitiuH  of  the  i4uiiiuali'it  vU-uicutM  can  bo  .tucurntely 

s-  it  will   1>»  r>>iitiil,   whun    tlir  ili-w>nilHi!"itiun   hus  pnxtf<l«ni  to 

'    -<■   latter  havr  Ih'ch  tliKi-iif:u)j;i'il  yxacllv  in  tlut  nn<H> 

<«/».     TIk;  sttniu  (.'iirrHtit  which  <l<>voinpo3i««  !•  parts 

into  tbfir  fK'Uicut.s  ll!0  purts  of  potosaium  iixliilu, 

■riile,  flu.     Hfiitw  the  vi-ry  hu]>ortaul  ounulniiiun  : 

r  it  )KT/tcily  d<jinUe  in  ilt  nitlurf,  pmlucing  a  JtJeJ  anil 

,11,1  of  tJtcmufiosilioit,  txprttttd  in  tack  eitclroigtt  by  Ike  value  of  itt 

ralrnl. 

.1  ri-ry  extondi"!  sent*  of  expcrinipnta,  based  on  this  and  other 

U  of  n.'syarch,  Karaday  waa  enflhleil  to  draw  the  general  iiiferenco 

•  if  chemical  deoiniiKwitinn    are  always   pro|>ortionate   to   the 

■  irculnting  eli>ctricity.  and  ni.iy  be  tnkon  as  an  ncouratu  and 
measure  of  the   latter.      Uiiided    by   this  highly   iiniKirtant 

•  ■  ifinstructed  his  fvllumrire,  an  iiistrunient  which  has  remlerisl 

:  •wrt'vice  to  electrir.nl  science.     This  is  merely  an  arrangement 

lut«  sulpharic  acid  is  deo(>inposi<d 

rit,  the  pas  evolved  iKfiiig  collected 

I.    By  placing  such  an  in8trument 

■  'f  the  circuit,  the  quantity  of  elec- 

-ry  to  produce  any  given  effect 
•  stimat<'d  ;  or,  on  the  other 
^  d  nnionnt  of  the  latter  can 
;  •.  hi  i-iri-d  out  and  adjustol  to 
I  \i.w.  The  voIlBuietre  has  re- 
V  dilTi'renl  forms  :  one  of  the  most 
useful  is  that  shown  in  fig.  13'.l,  in 
I'Intinura  plates  are  separated  by  a 
iilerval,  nihl  the  pas  is  ctillecte<i  in 
'  jar  sf.iniJinf;  <m  the  sliilf  of  the 
•rough,  the  tul»-  ii(  the  instrument, 
I  lo  the  neck  with  dilute  sulphuric 
I  lK<neath  the  jar. 

lions  pri"luced  by  the  voltaic  battery  can  be  effected  by 

th»  nlecii  ii-iu   of  the  common  machine,  by  that  develoit.>d  by  magnetic 

idinn,    anil    by   that  of  anim.il    origin,   hat  to  an   extent  incomparably 

I'  T'  fn.m  the  very  small  i/minn'/y  of  ehwtricity  set  in 

I  "Ugh  il.s  /*«««/»— that  is,  jKiwer  of  overcoming 

....■lyh  im|X'rfect  conductors^— is  exceedingly  great. 

r  liue  and  ]>lnliuum,  dipping  into  n  single  drop  of 

J         r  more  electricity,  to  judgf  from  tin- chi'Miical  effects 

'■<  fuel)  an  arrangement,  tlian  very  many  turns  of  a  large  plute  electrical 

tosrliine  in  |u)Wnrfiil   action.     Nevertheless,  (lolar  or  electrolytic  dwom- 

]  (•  I"'  distinutly  and  aatisfsotorily  elTocted  by  the  latter,  allbough. 

-seal  a. 


Thrmy  nf  tin-  Vottaic  Battrri/. — ^With  a  knowledge  of  the  priTieiples  Just 

j|j„i  .!..»,.    .1...  .i.,,i..   ,1  ■! 1..,: .  ii-iitery  may  be  resumed  and  compbded. 

nt  views  liave  Ix'i'n  held  eoncerning  the 
..-  Hire  in  that  apparatus.  Volta  himsidf 
■wilml  It  to  mere  ixin tact  of  dissimilar  metals  or  other  sniwtances  con- 
durftfip  elwirfcity,  —  to  what  was  denominate"!  an  rlnirn-mnlivi\  force, 
t>  by  such  eonlaet.     Primf  was  snppoaed  to  be  g'tveiv  ot 

"  i>mposilioii  l>r  an  ejtj.fr/meut  in  wliicU  disks  ot  ixnc  B»4 
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Fig.  140. 


oopper  AttiiuIitHl  to  ingulating  handles,  after  baing  bronght  into  close 
tact,  wi>ro  fuuud,  by  the  aid  of  a  wry  delicato  gold-lnaf  L-lwtio»oup««,  to 
in  opposite  I'leutrical  stut<;i>.  It  appt-ara,  luiwvvcr,  that  tlif  luure  careful 
thia  vxp>'i'iuiuiit  is  luailu,  the  iimiilliT  iti  tliv  rllL-i't  <iIjs<-I'ViiI  ;  oiul  hfiiu« 
is  judgeil  highly  pi'DluiliI"  that  tin-  whole  luay  be  duo  to  accidental  caus< 
■gaiuiit  uhich  it  is  uluiust  iuipostiiblo  to  guard. 

On  the  other  hand,  the  observation  wa^  sikiu  made  that  the  jK>«er  of 
battery  always  bearH  uouie  kind  of  pro[H)rtiou  to  the  eheuiical  aetion  ujj 
the  zinc  ;  that,  for  iustaute,  when  pure  water  is  used,  the  ellect  is  extreuii 
fe«>ble  ;  with  a  solution  of  lialt,  it  becoiues  luuch  greater  ;  and,  laistly,  w 
dilute  acid,  greatest  of  all ;  so  that  some  relation  evidently  exists  lietw 
the  chemieal  effect  uptm  the  metal  and  the  evolution  of  electrical  force 
The  ex]«'rimenta  of  Faraday  and  Uaniell  have  given  very  great  sup; 
to  the  eheuiical  Ihi^ory,  liy  showing  tliat  the  contact  of  dissimilar  moi 
is  Hot  necessary  in  order  to  call  into  U'ing  jKjwerful  electrical  eurreuta, 
that  the  development  of  electrical  force  is  not  only  in  soi 
way  connected  with  the  chemical  action  of  the  liquid  of 
battery,  but  that  it  is  always  in  direct  jiroiKirtiou  to 
latter.  One  very  beautiful  experiment,  iu  which  oleci 
lytic  decomjxisition  of  jxitasaium  iodide  is  performed  by 
current  geueralod  without  any  contact  of  dissimilar  metal 
C4in  l>e  thus  made  :  A  plate  of  zinc  is  bent  at  a  right  angli 
and  cleaned  by  ruhliing  with  sand-juiper,  A  plate  of  pf 
tiiium  has  a  wire  of  the  same  metal  attached  to  it  by  carefl 
riveting,  and  the  wire  is  bent  into  an  arch.  A  piece  of 
folded  tllter-paper  is  wetted  with  solution  of  potassium 
io<llde,  and  placed  upon  tlie  zino ;  the  platinum  platu 
arr.'inged  ojiijosito  to  the  latter,  with  the  end  of  its  _ 
resting  upon  the  paper  ;  and  then  the  pair  is  plunged  into 
a  glass  of  dil'.:te  sulphuric,  mixetl  witli  a  few  drops  of  uitrio 
acid.  A  brown  sjmjI  of  iodine  becomes  in  a  moment  ev, 
dent  boneath  the  extremity  of  the  platiuum  wire — that  is,  at  the  positi 
side  of  the  arrangement. 

A  strong  urgumeul  in  favor  of  the  chemical  view  is  founded  on  the  easi 
proved  fact  that  the  direction  of  the  vurrent  is  determined  by  the  kind 
action  hjkiu  lht>  metals,  the  one  lea.st  attacked  being  always  positive, 
two  polished  plati'S,  the  one  iron  and  the  other  oopper,  h«  connected 
wires  with  a  galvanometer,  and  then  immersed  in  a  solution  of  an  alkaline 
sulphide.  The  needle  iu  a  moment  indicates  a  powerful  current,  passing 
from  the  coppt!r  through  the  li(iuid  to  the  iron,  and  back  again  through 
the  wire.  Let  the  plal.«  lie  now  removed,  ch-aiuM,  and  pluntred  into 
dilute  acid  ;  the  newllo  is  again  driven  round,  but  in  the  opposite  direction, 
the  current  now  passing  from  the  iron  through  the  liquid  to  the  cojiper.  In 
thellrst  instance,  the  copper  is  acted  upon,  and  not  the  iron  ;  in  the.-»econd, 
these  e<inditions  are  reverami,  and  with  tliem  the  direction  of  the  current. 
The  metals  employed  in  the  construction  of  voltaic  liatleries  are  zinc  for 
the  iu)tive  metal,  and  oopper,  silver,  or,  still  lietter,  platinum,  for  the  in- 
active one  :  the  greater  the  difference  of  oxidability,  the  better  tlie  arrani;o- 
inent.  The  liquid  is  either  dilute  sulidiurie  acid,' sometimes  mixed  with  a 
little  nitrio,  or  occasionally,  where  very  slow  and  lonc-oontiiiued  action  is 
wante<l,  salt  and  water.  To  obtain  the  maximum  efleet  of  the  apparatus 
with  the  least  expenditure  of  zinc,  that  metal  must  lie  eni|iloye<l  in  a  i>ure 
state,  or  its  surfara  must  l)e  oovered  with  an  amalgam,  which,  in  its  eleo-, 
trical  relations,  closely  resembles  the  pure  metal.  The  zinc  is  easil 
brought  into  this  condition  by  wetting  it  with  dilute  sulphurio  ncid,  «l 
then  rubbing  a  little  mercury  over  it,  by  moans  of  a  piece  of  rag  tied  to 
s/ivk. 
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r  KiinpUi  or  cumpuund,  LX>u-itructod  with  pure  or 
is  chargi^l  witli  dilute  sulphuric  acid,  n  nnnilier 


TW  priiMiipIe  of  thci  ouiupunnd   l>s(t«<ry  is,  perhaps,  best  seen   in   the 
■if  «iu|M  :    bv  rach  nlli-riiatiiiu  of  liuo,  rtuid,  and  copper,  the  current 
|iwi^rtt«  with  iucrri-awsl  «UTgy  ;  its  intensity  is  nupnented,  lint 
»ni»unt  iif  eleclriral  foree  Ilirtiwn  into  the  current  form  is  not 
Tho  nuautily,  esliuialwt  by  its  dei'ouijKwiug  |Kiwer,  is,  in  fact, 
lit    iliut  of  tlie  smallest  and   least  active   pair  of   plateji,  the 
:city  la  every  part  or  section  of  the  circuit  Ufing  exactly 
,  irge  and    small    plates,    batteries    strongly   and  weakly 
iie\  er  Iw  connected  without  great  loss  of  jK)Wer. 
.•tfry.  cither 
•  t  zinc 

■liuj;  phenomena  maybe  observed.  While  the  circuit 
ilie  line  is  i»erfectiy  inactive,  no  acid  is  deixmiposr-d,  no 
■  1  ;  but  the  moment  the  counection  is  roiii)>leled,  torrents 
,  not  from  the  line,  but  from  the  cojiper  or  pliitinum  sur- 
akmf,  wbile  the  zinc  uudergtHM  tranquil  and  impereejitible  oxirlntion 
mi  •oJnbon.  Thus,  exactly  the  same  elfocts  are  seen  to  o<x;ur  in  every 
Mtt<a  cell  ttt  a  clcued  circuit,  that  are  witnessed  in  u  portion  of  sulphuric 
^kl  nadersoiog  electrolysis :  oxygen  appears  at  the  jxisitive  side,  with 
fyrt  tu  the  current,  ami  hydnigen  at  the  negative  ;  but  with  this  diller- 
Obc.  tliat  tlie  oxygen,  instt^ad  of  l«-ing  set  frii',  combines  with  the  zino. 
Uia,  ta  bet,  a  real  case  of  eieutrolysis,  and  electrolytes  alone  are  avail- 
dlt  ■•  ozciUrig  liquids. 

Oimaooa  liiic  ia  very  readily  Attacked  and  dissolvp<l  by  dilute  sulplinrio 
aad:  »iul  tkis  is  usually  supi>08ed  to  arise  from  the  formation  of  a  multi- 
lad*  af  Utile  voltaic  circles,  by  the  aid  of  particles  of  foreign  metaU  or 
paplUtv,  i»artially  imiiedded  ia  the  zinc.  This  gives  rise  in  the  battery 
babal  ta  called  local  action,  by  which,  in  the  uoimnon  fonns  of  appa- 
ona,  tliree-fuurlhs  or  more  of  the  metal  is  often  consumed,  without  con- 
tokMlog  ia  the  least  to  the  general  ellect,  but,  on  the  contrary,  injuring 
fttoaoiao  (•stent.     This  evil  is  got  rid  nf  by  amalgamating  the  surface. 

9f  cmirful  px{>eriments,  in  which  loi^al  action  was  completely  avoided,  it 
k^  "(...-n  aUstinetly  proved  that  the  quantity  of  elwlricity  set  in  motion 
i ,  ry  varies  exactly  with  the  zinc  dissolved.     Coupling  this  fact 

•  :   the  definite  action  of  the  current,  it  will  l>e  seen  that  when  a 

jM(„  I  (MkUvry  of  this  kind  is  employed  to  de<'om|io9e  hydrocltloric  acid,  in 
mtur  Ia  eTofve  1  grain  of  hydrogen  from  the  latter,  32.5  grains  of  ziuu 
be  ilisiolviil  as  chloride,  anil  its  (K]uivnleMt  quantity  of  hydrogen 
1  in  each  artive  wll  of  the  battery — llinl  is  to  any,  Ihiil  tin-  eleo- 

f. ...,.r,j,.,j  |,y  t|„,  i»,,|,ition  of  an  equivalent  of  zinc  in  the  battery 

Vcaiin'  ling  -the  decomjiosition  of  an  equivalent  of  hydrochlorio 

«14  M 1       r  electrolyte  our  of  it. 

Thia  Is  an  exceedingly  important  discovery :  It  serves  to  show,  in  the 
■^  •trikinp  mann.-r,  the  intimate  nature  of  the  i-onnectiou  Ix-tween 
Aitnicai  and  electrical  fonvs,  and  their  remarkable  quantitative  or  ecjuiva- 
hal  mtalioDS.  It  almost  seems,  to  use  an  expression  of  Faraday,  as  if  a 
if  chemical  fore<!  took  place  through  the  sulistance  of  solid  nielnl- 

urtors  ;  that  chemical  actions,  calbil  into  play  in  one  portion  of  the 

riRvM.  «»nld  be  made  at  pleasure  to  exhibit  their  elfecls  without  loss  or 
AMiJMlthin  in  any  other. 

BtetrtKktmifai  Thmry.—Thpre  is  an  hypothesis,  not  of  recent  date,  long 
«0Bt4manl^ml  and  supvmrte.l  by  the  illustrious  Berzelius,  which  refers  all 
A«aiina1  phenomena  to  eleetrii  al  forces — wlii.h  »up)>ose»  that  Ixsiies  com- 
'  ■  '  hneanse  they  are  in  opiHwite  ehsjtrical  otntes  ;  and  that  even  the  heat 
';;lil  ttci«mpanTing  chemic.'il  union  may  l>e,  to  a  certain  extent,  ao- 
d  for  In  tJiis  manner ;  thnt,  in  short,  an  far  as  our  present  kiiowVedgft 
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goes,  either  electric  or  chemical  action  may  bo  aaiumod  aa  oauae  or  trflVx 
it  may  l>e  tliat  electricity  is  merely  a  form  or  miMliflcatioii  of  orditu 
chemical  affinity ;  or,  on  the  other  hiind,  that  all  cheiuioal  actiuu  ia  a  ma 
fevtation  of  electrical  foret*. 

Tliia  elMtro-chemical  lh<x>ry  is  no  longer  received  as  a  true  explanatj 
of  chemical  iilienomeiia  to  the  fiiU  extent  intended  by  ilu  author.  Ben 
lilis,  iudee<l,  siippositl  that  the  conibiiiin),'  tendencii'S  of  eleiueuts,  and  tfa 
functions  in  comjMJiinds,  depend  nllogetlier  on  their  electric  polarity  ; 
accordingly  ho  divided  the  elemenlM  into  two  classes,  the  electru-poa 
live,  which,  like  hydrogen  and  the  metals,  move  towards  the  uei;atf 
pole  of  the  battery,  as  if  they  were  attracted  by  it,  and  the  elcoti 
negative,  whicli,  like  oxygen,  chlorine,  and  bromine,  move  towards  f 
[Hisitive  polo.  Wo  are,  however,  aiHiuainted  with  a  boat  of  phenonit 
which  show  that  the  ohemical  fuuctiona  of  an  clement  depend  upon  ' 
position  with  reganl  to  other  elements  in  a  comiwund,  quite  as  much  { 
upon  it«  individual  character.  Tlius  chlorine,  the  very  ty|>e  of  an  eli*cl 
negative  element,  can  l>e  sulistiluted  for  hydrogen,  one  of  the  most 
tive  of  the  elements,  in  a  largo  number  of  i:oiii|>ounds,  yielding  new  i 
ducts,  which  exhibit  the  cli/sest  analogy  in  compiisition  and  properties! 
the  compounds  from  wliich  tliey  are  derived.  It  is  impossible,  therefol 
to  mluiit  that  the  clieinlcal  functions  of  Ixxlies  are  deterniined  exclusivj 
by  their  electrical  relatiomi.  Htill  it  is  true  in  a  general  way  that  thd 
elements  wliicli  differ  most  strongly  in  their  electrical  characters,  chla 
and  (lotassium,  for  example,  are  likewise  those  whiili  combine  togethfl 
with  the  greatest  energy;  and  the  division  of  bodi>-s  into  electro-|Kisitiv8 
and  electro-negative  is  therefore  retainiHl  ;  the  former  arc  also  called  acij 
or  ohloroua,  luid  the  latt«r  basy  louB  or  zincoug. 

Constmit  Bdilrries. — In  ntl  the  older  forms  of  the  voltaic  liatterr,  sachi 
those  descrilxxl  on  pages    UC,  111,  the  |K)wer  rapidly  decreases,  «o  tfa 

aftiT  a  short  time,  scarcely  the  tenth  iMut  of  the  origin 
Fig  141.  iKil  ai'liuti  remains.    This  hiss  of  {MiHer  depends,  partly 

on  llie  grailiial  cliange  of  the  sulpliuric  aciii  into  zinc 
siilpliate,  but  still  more  on  the  wiating  of  hydrogen, 
anil,  at  a  later  stage,  on  the  precipitation  of  metallic 
line  on  the  copper  plates.  It  is  8l•ll^>vident  that  if  the 
copper  plate  in  the  li(|uiil  Ix-came  covered  with  zinc,  it 
would  act  electrically  like  a  zinc  plate. 

An  apparatus  of  immense  value  for  purpoaes  of 
electro-chemical  research,  in  which  it  Is  desired  to 
umintuin  jMiwerful  and  e<]uable  currents  for  many  suc- 
cessive hours,  was  contrived  by  the  late  I'rofissor 
llaniell  (Hg.  141).  Each  cell  of  this  "constant"  bat- 
tery consists  of  a  copper  cylinder  3J  inches  in  diameter, 
and  of  a  height  varying  from  li  to  IH  inches.  The  zino 
is  imiployed  in  the  form  of  a  rod  j  of  an  inch  in  di- 
ameter, carefully  amalgamated,  and  suspende<l  in  the 
centre  of  the  cylinder.  A  seciiud  cell  of  |Miruus  earllien- 
ware  or  aiiiuial  membrane  intervenes  betwi<eu  the  zinc 
anil  the  cop]>er  :  this  is  tillt>d  with  a  mixture  of  1  part 
by  measure  of  oil  of  vitriol  and  8  of  water,  and  tlie 
exterior  space  with  the  same  liquid  saturated  with 
copper  sulpbnte.  A  sort  of  little  i-olauder  is  fittol  to 
the  top  of  the  cell,  in  which  crystals  of  the  copper  sulphate  are  plaei-<l,  su 
that  the  strength  of  the  solution  umy  remain  unimpaired.  When  a  »>m- 
uutn'i'atiiin  is  iiiitdc  by  a  «ire  iM'tweeu  the  nnl  anil  the  cyliniler,  a  strung 
eurrral  U  proiiiivni,  the  power  of  which  may  1h!  iucreosud  to  any  extent  by 
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eeBDaeting  a  uulBcumt  number  of  «nch  oelU  into  a  «eri(«,  on  the  principle 

>f  U>r  eroim  of  ou(ia,  llie  c<ij>|it>r  of  ihe  first  lieiug  utt&clitMi  to  tlitt  xiuc  of 

Uw  •^'iiiimI.     Ten  >uch  allernaliuun  t-oustitute  a  vury  puwt'rful  apparatus, 

^■-.■'  the  gr«at  Adfiuild^x  u[  reloiuiug  its  energy'  uudiiuiuislitxl  fur  n 

^rrkngement  of  tlii;  voltaic  battt-ry,  the  accumulation  of  hydro- 
I  drpoaitiQli  of  liuc  on  the  iiurfacr  of  the  oopp^T  plat<;  is  altogether 
'  :   Iho    tine-  ill  the  porous  uell,  whikt  it  dissulveii  in  the  Biilphurio 
i.  '  |aj9><s  it,  hut  does  not  lil>erat«  any  hydrogen  ;  for  by  the  pro- 

['  decomposition,  up  to  the  boundary  of  the  copper  Bolutiou,  the 

ki.ir.'Lj-  u  uUkca  the  placti  of  the  copper,  and  thus  ultiwately  the  ixipper  is 
frmpitatert  on  the  copper  plate.  The  copper  plate  therefore  reuiaiiis  in 
Ha  onginAl  atate,  so  long  as  a  suIGcieut  quantity  of  uopper  Hulpbate  is  pre- 
mmt  lo  ibr  aotntion, 

}tf  tncftiMUig  the  generatire  and  reducing  tlie  antaf:onizing  chemical 
aBaiti^,  Mr.  Grove  sncoeoied  in  forming  the  constant  nitric  acid  battery 
vkieh  bean  his  name.  Thi«  instrument  is  capable  of  producing  a  far 
p«at«r  dv^ee  of  power  than  the  battery  previously  mentione<l,  ami  hence 
tt  haa  beoome  one  of  the  mo«t  important  means  of  promoting  ele<arical 
io  the  present  day.  The  zinc  dips  into  dilute  sulphuric  acid  ;  and 
of  a  eolution  of  copper,  concentrated  nitric  acid  is  used,  which  sur- 
INJmIs  a  platinum  plate.  It  is  evident  that  the  electrolytic  action  which 
kc^B*  at  the  lino  passes  through  the  sulphuric  acid,  and  in  a  precisoly 
Mailar  way  through  the  contiguous  nitric  acid.  Uydrogen  would  thus  bs 
Bhcrmt«d  oo  the  platinum  plate.  This  action  is  not  rendered  visible  liy 
IW  rroiotion  of  gas,  but  only  gradually  by  the  change  of  color  iu  the 
Bitrk  afi*!  ;  for  the  hydrogen  liberated  by  the  electrical  action  forms  water 
at  tlvc  expense  of  Ihr  oxygen  yielded  by  the  nitric  acid  ;  and  by  this 
■ruTii.  CO  long  as  ^ulficient  nitric  acid  is  present,  the  purity  of  the  surface 
•f  til*  platinum  plate  in  maintained. 

Obo  of  lh«  cells  !u  this  battery  is  representeil  in  section  in  fig.  142. 
Tb*  tine  plate  is  Ix-nt  round,  so  as  to  present  a  double  surface,  and  well 
•■talgamated  :  within  it  .-'lands  a  thin,  flat  cell  of  porous 
Mrthenware,  filled  with  strong  nitric  acid,  and  the  whole 
ii  laiBMirsed  in  a  mixture  of  I  part  by  measure  of  oil  of 
Tilriol  and  6  of  water,  contained  either  in  one  of  the 
of  Wollaston's  trough,  or  in  a  separate  cell  of 
pnrr.elain,  made  for  the  purpose.  The  apparatus 
iplcted  by  a  plate  of  platinum  foil,  which  dips  into 
tt*  aitric  arid,  and  forms  the  positive  side  of  the  arrauKc- 
Bcal,  With  ten  sucti  pairs,  exjieriments  of  deciini{i<Mi- 
tvs,  i|niitU>u  of  wirex,  the  light  between  charcoal  i><>int.x, 
An  be  exhibited  with  great  brilliancy,  while  the 
V  it»elf  i>  very  eoiu]>act  and  portable,  and,  to  a 
,\  ■•stent,  constant  in  Us  action.  The  zinc,  as  in  the 
of  Dauieir-,  battery,  is  consumed  only  while  the 
it  paases,  so  that  the  apparatus  may  be  arrnngisl 
ta  bour  or  two  before  it  is  rei|uireii  for  use,  wbidi  in 
tUm  a  mattor  of  great  convenience  ;  and  local  action  from 
tke  pre«ipil«tion  jf  tvipper  on  the  zinc  is  avoided. 

fnttmaar  Bansen  has  modified  the  Urove  battery  by  subBlitnting  for 
Ike  plaUnum,  dense  charcoal  or  coke,  which  is  an  excellent  c<onductor  of 
daelricity.  By  this  alligation,  at  a  very  small  expense,  a  battery  may 
k*  maiia  nearly  as  powi-rfnl  and  useful  as  that  of  Grove.  On  account  of 
Ua  <b*»pnMBt,  any  one  may  put  together  one  hnndriHi  or  more  of  Bunsen's 
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Figure  143  shows  the  form  of  lb  '  ronnd  o«rbon  cyliiuler  which  is  nsa^ 
in  these  cells.     It  is  hollowml  so  as  to  t>!o<>ive  u  {mrousi  t^artlii'iiKnn- •pi),' 
in  which  a  round  plalv  uf  siiui  in  jilm-i'il.     Tin'  u(ip«i; 
Fig.ltS.  edge  of  th<<  cylinrli'r  of  c«rlion  is   well  ssturntfl  witU 

wnx,  and  is  ■urrouniled  by  a  copper  ring,  b;  lutans  ofl 
wliirli  it  may  be  put  in  conneclioD  with  the  sine  of  tM 
adjoining  pair.  ^ 

Uunsrn'a  ojirlKin  oylind>?r  is  likewise  wi-11   i  "    ;      '  "■'B 
the  usr  of  dilute  »nlpliurio  acid  alone,  witlii'  i  iJ 

tion  of  nitric  ui'i<l.  It  is,  Ikiwcvit,  In-tter  t-  -'^^tJM 
the  dilute  sulphuric  arid  with  |Mitnsoium  hiohrdM^| 
When  this  mixture  oontnina  at  least  double  tlie  ^B^ 
of  snlpliurio  acid  whirh  is  necessary  to  de<'oni[ioti<<  tfl 
chrouiate,  a  battery  is  formed  which  snrpasjHm  in  |>owS 
the  nitric  aiud  battery,  but  does  not  furnish  currents  m 
the  same  constancy.  ■ 

Mr.  Smi-o  has  contrived  an  ingenious  battery.  In  which  sih'  ■« 

witli  a  thin  coating  of  finely  dividinl  metallic  platinum,  is  •■:  ifl 

association  with  amalgamated  zinc  and  dilute  sulphuric  acid.  1 ..  >  -bB 
aarface  appears  to  permit  the  ready  disengagement  of  the  bul)tilea  <■ 
hydrogen.  ■ 

Gtu-batlfry. — ^Mr.  Orove  haa  contrived  a  battery  in  which  an  clectrlofl 
cnrrent,  of  sufflcienl  intensity  to  deooinjKisi'  dilute  nnlphuric  add,  Is  prw 
dnei<d  by  the  action  of  oxygen  uj>on  hydrogen,  Kacli  rlrmml  of  this  nppid 
ratiis  consists  of  a  pair  of  gloss  tulH's  to  cunt.iin  the  gases,  dipping  into  J 
vessel  of  ncidtitftted  water.  Both  lubes  rnnt.niii  platiiiitin  pljili-n,  ifrvcrH 
with  a  rough  depnsit  of  finely  divided  platinum,  and  furninhed  with  cod 
ducting  wirt>s,  which  pass  through  tlie  tojis  or  sidi-s  of  the  tubes,  and  oM 
hermetically  sealed  into  the  latter.  When  the  tubes  are  ohargml  wld 
oxygen  on  the  one  side  and  hydrogen  on  the  other,  and  the  wiri-s  roH 
nected  with  a  galvanoscope,  the  newlle  of  the  instrument  iM-^-onies  instostJH 
alTected  :  and  when  ten  or  more  are  combined  in  a  serii-s,  the  oxyga|^B^| 
of  the  one  with  the  hyilrogi'n-liibe  of  the  next,  etc.,  while  the  t«^^^H 
wires  dip  in!')  aciiliilntinl  w.iter,  a  rapid  ntn-nni  of  ndiiiite  biilildi^^^H 
either  wire  indicates  the  drcom|>osltion  of  the  lirjuid  :  and  wbeti  t^^^B 
perlment  is  made  witli  a  !<niall  voltfinieti'e,  it  is  found  that  tliii  oxygJHm 
hydrogen  disengag-M  exactly  eijiuil  in  amount  the  ijliauUtiea  alMurtxii]  tn 
the  act  of  combination  in  each  tulx'  of  the  battery.  J 

FJedroti/pf. — Within  the  lust  forty  ysars,  aeraral  rirr  hnautirol  aM 
BncO(«sful  applications  of  voItAic  electricity  li  i  '        ''1 

lie  slightly  luentinned.     Mr.  Spencor  and  I'ml'  m 

It  in  copying,  or  rnther  in  multiplying,  •'ngrix  '  <i    ii.n ,•■•  hj.oiumJh 

depositing  U|H>n  llicir  nurfaces  a  tliin  coaling  of  uictnllii'  copper,  l^lfl 
wli«n  separated  from  Die  nriginni,  exhibits,  in  reverse,  a  most  nwlH 
representation  of  the  latter.  Ily  using  this  in  its  turn  aa  a  moald  fl 
matrix,  an  alwolutety  perfiK-t  fnr-nmilr  of  the  plate  or  medal  is  obtalnnH 
In  the  former  cane,  tlie  iniprTOtinnfi  taken  on  pap'r  are  ijiiite  undistlll 
gnishable  from  those  directly  derived  from  the  work  of  the  artist ;  ami  fl 
there  is  no  limit  to  the  numl>er  c.r    '  t-o^fefl 

|iro>liice<l,  engr.n>'ings  of  the  most  !•<  "^^1 

iudelitiilrlr.     The  eop|)«r  Is  very  ton,.!.,  .li..,  ^  ....   '*V^| 

prrfoctly  well.  ^ 

The  apparatus  used  tn  |1il>  uiil  manv  ^hnllar  prntwsse*  ta  nfthi'  <Injtil'fl 

kind.     A  Irrjuuli  or  I  by  a  (Hirous  ■'  1* 

o/ M  iwr  ih/n  pjooi  .  ..  pi\TW  •,  A\\nle  \t 
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;  on  tme  inde,  and  «  latnrated  solation  of  copper  sulphate, 
-  •  1  with  a  little  acid,  on  th«  other.     A  plntf  of 

•o  «  win*  or  strip  of  copper,  the  othiT  end  of 
vtui-li  19  tfiUT-^l  by  similar  meaiH  to  the  eiiprsvwl  copper 
Tho  latter  ia  tlieii  itiuupnit^l  in  the  solution  of  sul- 
Mad  lb<>  zino  iu  the  aoid.  To  prevent  defM«ition  of 
'  «a  tfae  lim-k  of  th«  copper  plate,  thni  portion  is  i^ivered 
Vltfc  vsrolch.  For  medals  and  Rmnll  worlcA,  a  poroua  eartheu- 
«ai«<«U,  placed  in  a  jelly-jar,  may  be  nsod. 
(Khar  nvtals  may  be  precipitated  in  the  snnip  manner,  in  a 
asd  compact  form,  by  the  use  of  c<-rtain  precautionH 
harn  bcfU  gathered  l>y  experience.  Kleetro-pililiiiK 
ittg  «r«  now  carried  on  very  largely  and  in  great  pi^r- 
tbjmttarm.  Klkington  and  others.  Kveu  uon-eondiut- 
t  sealing-wax  and  plaster  of  Paris,  may  he  coated 
«ftk  mptal  ;  it  U  only  necessary,  as  shown  by  tin;,  late  Mr.  Kotx'rt  Murray, 
l>  rob  fiver  them  the  thinnest  possible  film  of  plumbago.  Seals  may  thus 
feMpsed  in  a  very  few  hours  with  nnerring  truth, 

1W  eomn^in  but  very  ple.tsinj;  experiment  of  the  lead-tree  is  greatlj 
itftmiteal  <m  electro-chemical  action.  When  a  piece  of  sine  is  suspended 
m  aacJuiion  of  lead  acetat<%  the  first  effect  is  the  decompo- 
I  of  a  portion  of  the  latter,  aud  the  depogjtiou  of  mo- 
.  opon  the  surface  of  the  xine ;  it  is  simply  a  dia- 
■t  of  a  metai  by  a  more  oxidiible  one.  The  change 
,  bMwever,  stop  here  ;  metallic  lead  is  still  deposited 
!■  Im|,ii  iiiiI  hnautiful  plates  Ufion  that  first  tliruwn  down, 
•Blil  Um  solution  lM>ooroeis  exhausted,  or  the  zino  entirely 
JMpi— fi  The  dm  portions  of  the  l<>ad  form  with  the 
•aca  Tollaic  orrait^emiait  of  sufficient  |>ower  to  deoonipoHn 
Ikt  salt:  otkder  the  peculiar  circumstances  iii  which  the 
'  ts  placvd,  the  metal  is  precipitate<i  uixin  the  negative 
^lat  Is,  the  leoil — while  the  oxygen  aud  acid  are 
ap  hjr  the  titic. 
Baemwori,  severul  years  ago,  published  an  exceedingly 
fatoealing  account  of  certaiu   experiments   iu  which  crys- 

I  toetaU,  oxides,  and  otlier  insoluble  suhAtances  had  been  produced 

ilow  and  continuous  action  of  feeble  electrical  currents,  kept  up  for 

Koiuts,  or  (-ven  years.     Th<««  products  exactly  resemble  natural  min- 

«■!■:    and.  imltiotl,  the  experiments  throw  great  light  on  the  formation 

•f  the  tau«r  within  the  earth.* 

nmi  drrtinped  hy  the  Electric  Current. — All  parts  of  the  eleotrio  carcuit, 
!lie  liiiuid  in  the  cells  of  the  battery,  the  conducting  wires,  and 
.  yloa  undergoing  deoompooition,  all  become  heated  during  the 
(lam^c  of  the  current.  The  rise  of  temperature  in  any  part  of  the  cir- 
«ll  A>p*n>ls  partly  ou  the  strength  of  the  current,  partly  on  its  resistance, 
<kaa>  ba4ie*  which  offer  the  greatest  resistance,  or  are  the  worst  con<iuctors, 
kriag  BCTl  strongly  healed  by  a  current  of  given  strength.  Thus,  when 
atkiek  and  a  thin  wire  of  the  same  metal  areincludetl  in  the  same  circuit, 
tt»  lailer  becomes  most  strongly  heated,  and  a  platiniini  wire  is  much 
^/rr  »tn>nKlT  li»at<jd  than  a  silver  or  coi>per  wire  of  the  same  thickness. 

iinents  it  has  l<oen  found  that  Uilli  in  nutallic  wints  and 
(;,  ■-•1  by  an  electric  current,  the  evolution  of  heat  ia  directly 

C^rtiulial — Ist,  to  the  resialnncr;  2d,  to  llie  stTmijlIt  uf  the  ciirrenl.     Joule 
f  also  shown  that  the  evolution  of  heat  in  each  couple  of  the  voltaic 


I 


I 


•  Tr»it<  lie  l'ElrrlrJol>«  et  dij  itfsf  o^dsoir,  111.  !30. 
/  f/i,/   M*g.  [a]  XI \.  2  0. 
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battery  is  anbjwt  to  th«<  ssmc  law,  niiicli,  therefore,  hoI<U  good  in  evel 
part  of  till-  circuit,  includiug  tlie  battery. 

The  slrcMigtb  of  an  electric  current  is  meiu<iured  by  the  quantity  of  il( 
tonaliiig  Kfts  (2  vols.  II  to  1  vol.  O)  which  it  cau  evolve  fiom  acidulati 
water  in  a  given  time,  and  llie  unit  of  current  ilrength  it  tie  cvrrrni  vli 
elimiimlcn  out  culiic  cenlimetre  of'  iJrtonoling  gaj  at  tlO  C.  and  VtiO"""-  baromeln 
firejuntre  in  a  minute.  Now  Lenx  UtiS  Khown  tliat  when  a  current  of  tlie  un: 
of  9treUf;Mi  passes  through  a  wire  whoae  resistance  is  equal  to  that  of 
copper  wire  I  metre  long  aud  1  luilliinetre  in  diameter,  it  develops  n  qu 
tity  of  heat  sulTu-ient  to  raise  tlie  temperature  of  1  gram  of  water  from 
to  1*^  ('.  in  &-|  minutes  ;  and  assumiuK  as  the  unit  of  heat  the  quanti 
requiri"d  to  raise  the  tenifM-rature  of  1  gram  of  water  from  IIO  to  l^  C. 
the  law  may  be  thus  expresseil — 

A  rurrnit  of'  ihr  unit  of  Urimjlh  patiitig  throuifh  a  ttmduetor  which  erertt  li 
unit  of  rejiixtunce^  devetopa  therein  l.ur>7  hvut-unil  in  un  hour,  ur  O.OlTti  heat- 
in  n  minute. 

With  a  current  of  jfiven  strength,  the  sura  of  the  quantities  of  h 
evolved  in  the  liattery  and  in  the  metallic  eunduclor  joining  its  |K>les, 
constant,  the  heal  actually  developed  in  the  one  part  or  the  other  varyini 
according  to  the  thickness  of  the  metallic  conductor.  This  was  first  shown 
by  De  la  Rive,  and  has  been  confirmed  by  Kavre.*  De  la  Kive  made  use  of 
a  couple  ccmsisting  of  platinum  and  itistilled  /.iuc  or  cadmium,  excited  by 
pure  and  very  strong  nitric  acid,  the  two  mi^tals  Iwing  united  by  a  platinum 
wire,  more  or  less  thick,  which  was  plunged  into  the  same  quantity  of 
strong  nitric  acid  contained  in  a  capsule,  similar  to  that  which  held  the 
voltaic  couple.  Hy  observing  the  temperatures  in  the  two  vessels 
delicate  thernumieters,  the  sum  of  tUese  temperaturi<s  was  found  to  be  o 
stnnt,  the  one  or  the  other  being  greater  according  to  the  thickness  of 
c«uui>uting  wire. 

Favre.t  by  means  of  a  calorimeter,  similar  to  that  which  he  used  in 
experiments  on  the  development  of  heat  by  chemical  action,  has  sbo< 
that  in  a  pair  of  zino  and  platinum  plates,  excited  by  dilute  sulphu: 
acid  and  connw^teil  by  platinum  wires  of  various  length  and  thickness,  f( 
every  'ii.!i  grams  of  zinc  dissolved,  a  quantity  of  heat  is  developed  in  the 
entire  circuitequal  to  lti,173  heat-units,  but  variously  distributed  betwe«a 
the  batteryw^ll  aud  the  wire,  according  to  the  thickness  of  the  lattan 
Now,  this  quantity  of  heat  is  nearly  the  same  as  that  which  is  evolved 
the  simple  solution  of  ;t2.5  grams  of  zinc  in  dilute  sulphuric  acid,  withoi 
the  formation  of  a  voltaic  circuit,  viz.,  18,444  units.  Hence,  Favre  ooi 
eludes  that  the  beat  developed  by  the  resistance  of  a  metallic  or  other  cnn 
ductor  C/nnecting  the  poles  of  the  battery  is  simply  liorrowed  from  the 
total  quantity  of  heat  evidved  by  the  cbemicjil  action  taking  place  in  the 
battery,  and  is  rigorously  eoraplementary  to  that  which  remains  in  the 
cells  of  the  battery,  the  beat  evolve<l  in  the  entire  circuit  being  the  exact 
equivalent  of  the  chemical  action  which  takes  place.  If  any  external 
work  is  performed  by  the  current,  such  as  electrolysis,  or  mechanical  work, 
■■  by  an  eleotro-magnetio  engine,  the  heat  evolved  in  the  circuit  is  dimin. 
ishcd  by  the  heat-equivalent  of  the  decuui]>osition  or  mechanical  work 
done. 


I 


•  Ado.  Cb  Pliyi.  [3]  xl.  JW). 
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Mtul<5  thesopnnd  and  larger  Rronp  of  elrmentarjr  Imdiwi. 
i  t  Ihi'in  ore  of  very  rnrn  p-curroiio*,  b«"ing  fuuiiil  only  in 

a  I  ralg  ;  other«  are  more  aliun<laiit,  and   some  f>-w   almost 

U:.  ■!   tUnJuglioul   lh(*  glolw.     ^?<inie  of  tliesu   IxHliett  ar»«  uf 

m. -'        _  s  hen  in  till*  niPt.illic  state  ;  otliHrs,  when  in  coniliinatiou, 

diMiIlT  aa  oxKlKil,  the  iDL-tals  tlirmsi-Ives  being  almoxt  nnknown.  Manjr 
■re  t»Ml  in  imilicine  and  iu  tliu  arts,  and  are  essvntiall^  ooiinwrted  wiUi 
the  prosTiss  of  civiliiation. 

ir  ari«nic  be  iui-ludud,  the  metals  amount  to  Sftj  in  number. 

l\fncai  Pmperlif*. — One  of  the  mofit  remarkable  and  striking  oliaraoten 
p«wii  I  '  I'v  1 1'"  Mii.t'il<  u  Dic-ir  piHtuLiar  luatre  :  this  in  so  (-haravteristic 
that  til  histrt  has  passed  into  common  npeiHili.     This 

ymprt^^  "d  with  the  ^[reat  degree  of  opacity  whirh  the 

actab  |>mii'nl  iii  overy  iiiolauoe.     The  thinnest  leaves  or  plat««,  and  the 
tAfrr»  of  ery^talline  laminie,  arrest  the  passage  of  light  in  the  most  com- 
I .     An  exception  to  the  rule  is  usually  made  in  favor  of  gold- 
.vLeii   heltl  up  to  the  dayliglit,  exhibits    a  greenish,  and,  in 
•  ■-pie  color,  as  if  it  were  really  i-uduwl  with  a  certain  de- 

f:  y  :  tlie  uietallic  lilm  is,  however,  generally  bo  imperfect 

li  it  difficult  to  say  whether  the  olwerved  effect  niny  not  be 

ill  lure  due  to  multitudes  of   little   holes,  many  of  which  are 

T  naked  eye,  but  I-'arailay's  experiments  have  established  the 

(J.  of  gold  beyond  all  doubt. 

r  etStn-,  the  metalu  ]>resent   a  certain  degree  of  nniformitj: 
wj  lis — vix.,  copper,  which  is  red,  and  gold,  which  is  yellow 

—  ■  are  included  lielween  the  pure  white  of  silver  and  the 

biiii-ii  r  lead:   bismuth,  it  is  true,  has  a  pinkish  color,  and  cal- 

tium  ni  III,  ft  yellowii-h  tint,  but  these  tints  are  very  fei'ble. 

,  llu.  ^       .       —  uf  ipfcijic  gravitji  are  very  wide,  passing  from  lithium, 

niutii,  and  Hixliuiii,  which  nro  lighter  than  water,  to  pUtinuni,  which 
Lire  than  twenty -one  times  heavier  than  an  equal   bulk  uf  that  liquid. 

Table  of  Ukt  Specific  GravUiu  of  ilctaU  at  15.50  C.  (COO  p.). 


Platinum  (in  thin  wire) 

<Jold    .... 

Uranium 

Tungsten     . 

Merc!iry 

Palladium  . 

U-atl    .... 

Silver 

nii<muth 

Copper 

Mckel 

Ca/lniiuui 

lIulyMcnuni 

Cobftlt 


21.50 

llt.50 

1>I.40 

17.«0 

13.69 

11.30  to  n.8 

n.4S 

10,50 

9.90 

8.96 

8.80 

8.70 

8.«I3 

8.ri4 

B.OO 


Z<' 
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Irou 7.79 

Tin 7.29 

Zinc 6.86  to  7.1 

Antimony 6.8() 


Ai-spnic 

Aluminium 

Ma^nusium 

Soiliam 

PolusKiuin    . 

Lilliiiiin 


R.feS 

2.f.(J  to  2.67 

i.7r. 

0.1172 
O.bOa 


Th«  i)rop<>ily  of  nutllniliiliiti,  or  pow«?r  of  extvngion  under  the  hammfl 
or   belu'eoii  lliu  rollers  of  the  tlattinj;-iuill,  iii  potiseiuied  by  certain  of  tt 
uu*tals  to  a  v^ry  great  extent,     (iiilil-leaf  \a  a  remarkable  example  of  tl) 
tenuity  to  wliieh  a  malleable  mi-(al  may  be  bruugbt  by  Huilable  lue 
The  gilding  on  siher  wire   usuxl  in  the  manufacture  of  gold  lace  is  evo 
thinurr,  and  yd  preai-iits  nil  unbroken  surface.     Silver  may  be  Ix-aten  og 
very  thin— .<<'>pper  also,   but  to  an  inferior  extent ;  tin  and  platinum 
ABsily  rolled  out  into  foil  ;  iron,   palladium,  U-a<l,  nickel,   ca<Unium,   lli« 
metaJs  of  the  alkalies,  and   mercury   when  solidilied,  are  aliio  malleable. 
Zinc  may  be  placed  midway  Ixitween  the  malleable  and  brittle  division ; 
then  perhaps  bismuth ;  and,  lastly,  such  uietals  as  autiuuiny  and  arseui^H 
which  are  altogether  destitute  of  malleability.  ^| 

The  apecillc  gravity  of  malleable  metals  is  usually  very  sensibly  in> 
ereaoed  by  pressure  or  blows,  and  the  metals  themselves  are  rendered 
mach  harder,  with  a  tendency  to  brittleuess.  This  condition  is  destroyed 
and  the  fiirmer  soft  state  restored  by  the  operation  of  annrulinii,  which  con- 
sists in  heating  the  metal  to  reilness  out  of  contact  with  air  (if  it  will  beu, 
that  temperature  without  fusion),  and  cooling  it,  quickly  or  slowly  aci^or 
ing  to  the  circumstances  of  the  case.  After  this  opera 
tion,  it  is  found  to  possess  its  original  specillc  gravity. 

Ductilitj/  is  a  property  distinct  from  the  last,  Lnssmuc 
as  it  inv<»lve8  the  principle  of  tenacity,  or  jjower  of 
sisting  tension.     The  art  of  wire-drawing  is  one  of  gre 
antiquity  ;  it  consists  in  drawing  rods  of  metal  through  »' 
suooession  of  trum{>et-»haped  hol.-s  in  a  steel  plate,  each 
being  a  little  smaller  than  its  predecessor,  until  the  re- 
quisite  degree  of  fineness  is  attnin(<d.     The   metal  often 
\1J       \J      becomts  vary  hard  and  rigid  in  this  process,  and  is  then 
liable  to    break  ;    tliis    is    remediiHl    by  annealing.     The 
order  of  tenal^ity  among  the  metals  susceptible  of  U-ing 
easily  drawn  Into  wire  is  the  following :  it  is  determinol  by  observing  the 
weights  required  to  break  assunder  wires  drawn  through  the  same  orifice 
of  the  plate  : — 

Iron.  Gold. 

Cop|.er.  Zinc. 

J'latinum.  Tin. 

Silver.  Lead. 


con- 
beax^ 
ordH 
«rai^| 

lud^H 

M 


oe 

I 


Metak  differ  as  much  infiuibiliiu  aa  in  density, 
give  an  idea  of  their  relations  to  heat : — 


The  following  table  trill 


i 
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Ftuitil-  below 
A  r.Ni  heat. 


tnfu'ihlc  In-low 
•  rvtl  tival. 


MrltlDc  Polnti. 

V. 

C. 

'  Mercury  . 

—  3IK> 

— 3y.440 

Riiliiiliiiin 

+101.3  +38,5 

l'..t.-i.-,«iinn 

144.5 

«2.5 

Sinliuiu     . 

IIOV.T 

87.(5 

Litbiuiu    . 

35« 

ISO 

Tin  . 

442 

227.fi 

Ouliniuni 

.    (nbuut)  442 

228 

lIlMUUlh    . 

4l»7 

258 

'I'liiiUiuui 

Wl 

2!i4 

Ua.l 

617 

325 

Tt'lluriuui- 

-rather  Ivas  fusible  than 

^ 

leikl 

■ 

Anifnic — u 

uknown 

^ 

Zinc 

773 

412 

Aiitiiuou^'- 

-just  below  redness 

•  SilviT 

1873 

1023 

(.'"ppi-r 

ltt»« 

IWl 

liol.i 

2lil« 

11 U2 

C'a-sl-iron  . 

27B6 

1530 

I'lire  iron 

M 

Nioki-1 

m 

'-..l.-ilt 

Highest  heat  of  Forge. 

1 

!    :..,-Jini-Sl' 

m 

i  .ili.iiliiiin 

. 

Molylxk-num,   1 

I'raiiiiiui, 

Agglumorate,  but  do  not  melt  in  tha 

Tiiii(:sloii, 

forge. 

('liruiuiuin, 

Titnniiiiu, 

m 

Ceriiim, 

m 

iismium, 
iriiliiiin, 
Khniiiuiii, 

Infusible  in  ordinary  blast-furnncpii  ; 
fusible  by  oxy-hydrogen  blow-pijK". 

I'latiiiiini, 

Tiinlaluut, 

J 

Some  TnetAlj  oicqaire  a  pnsty  or  adheaiTe  state  before  iHiooinlng  fluid  : 

^  ^lU  inMi  uuil  plutiuiim,  and  with  the  lui'lnls  of  the  .ilka- 

ciili.iritv  which   oonfers  the   v»ry  valuable   properly  of 

><  picii-B  of  iron  and  steel  are  united  without  solder,  and 

ini-tAllic  sponge  of  platinum  is  converted  into  a  solid 

SmnK  in'inln  are  vnlntiU,  and  this  character  wnuM  perhaps  be  exhibited 

••T   til,    could    temperatures  siifflciently  elevated   be  oblaint'd.     Mercury 

III  ilit,iil»<  Uflow  a  i'ihI  heat :   potassium,  poiliuni,  zinc,  magnesium, 

iiuium  rise  in  vapor  when  heatad  to  bright  redness  ;    arsenic  and 

Kiiuriiun  an  volatil«. 


CHKMICAL  nKI,ATiON9  OF  THE  METALS. 

MwTAUJC  combinations  are  of  two  klnda — Tinnieir,  those  formed  by  the 
nnir>ii  of  tnelaU  nni«n»:  lln'nij'i'res,  irhfch  are  cnlli-d  ,illiiys,  or  w\\eTn  ■met- 
tmrj  m  mnnTimt,  miiiaIjiaiiiii,  ami  Mkmm  generated   by  ccmbJnatVon  NsWViJ 
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the  non-metallio  t>It>mi-uU,  as  oxides,  chlorides,  sulphidi-s,  etc. 
latter  ease,  thu  metallic  oharaclen  are  almost  invariably  lotit. 


In  tb 


lac«  in 

meta^H 
lOun^H 


AIloyB. — Most  mnlaU  arc  probably,  to  some  exU-nt,  capable  of  ex 
Ing  in  n  ntute  of  ooiubiuatioii  with  each  other  in  deliiiiU.'  proportions  ;  b 
it  is  (litliotilt  to  obtain  thcsi-  ooni[>ouniis  in  a  8e]>arat«  statr,  niuu-  tliey 
solve  in  all  proportions  in  the  iul'UchI  ult'taU,  and  do  luit  gcni-rally  di 
so  widely  in  their  luelling  [Kiints  from  the  lui'kils  they  may  lie  mixed  wi 
as  to  be  sep;irat)-d  by  crystallizalioii  in  a  delinite  form.     Kxieptions  to  till 
rule  are  met  with  in  the  Kmliuj;  of  urgenliferous  lead,  and  iu  the  crysi 
liitation  of  brass  and  of  gun-iuelal. 

The  vhemieal  force  capable  of  l«cing  exerted  between  different  metala 
for  the  most  part  very  feeble,  and  the  eousi-quoul  state  of  couibiuation 
therefore  very  easily  distiirU-d  by  the  influence  of  other  forc<'».     The  si 
bilit>'  of  such  metallic  oi)niiM>uuds  ia,  however,  greater  in  projwrtion  to 
general  dissimilarity  of  the  metals  they  contain.     But  in  all  eases  of  n 
bination  iKtween  metals,  the  alteration  of  physical   characters,  which 
the  distinctive  feature  of  rluiuical  rambinatiou,  does  not  take  place  to 
great  extent.     The  most  uuquesiiouable  oomjHJUuds  of  metals  with  mei 
are  still  metallic  in  their  general  physical  characters,  and  there  is  no  snok 
transmutation  of  the  imlividuutity  of  their  constituents  as  takes  place  in 
the  combiniition  of  a  melal   with   oxygen,   sulphur,   chlorine,  etc. 
alteration  of  characters  iu  alloys  is  generally  limited  to  the  color,  d^ 
of  hardness,  tenacity,  etc.,  aud  it  is   only    when   the  ronstituent  me 
are  capable  of  assuming  opposite  chemical  relations  that  these  coiupoi 
are  distinguished  by  great  brittleness. 

The  formation  of  tielual  vhemicul  compounds,  in  snnie  cases,  when  two 
metals  are  meltiNl  together,  is  indicated  by  several  phenomena,  viz.,  the 
evolution  of  heat,  as  in  the  cose  of  platinum  and  tin,  copper  and  zinc,  etc. 
The  density  of  alloys  dill'ers  from  that  of  mere  mixtures  of  the  metals. 
In  the  ftolidiflcation  of  alloys,  the  temperature  does  not  always  fall  uni- 
formly, but  often  remains  stationary  at  particular  degrees,  which  may  be 
regarded  as  the  solidifying  points  of  the  compounds  theu  crystallizing. 
Tin  and  lead  melted  lt>gether  in  any  proportions  always  form  a  compound 
which  Bolidifies  at  187°.  The  melting  point  of  an  alloy  is  often  very 
ferent  from  the  point  of  solidification,  and  it  is  generally  lower  than 
mean  melting  point  of  the  conslitueut  metals. 

But  though  metals  may  combine  when  melttvl  together,  it  is  doubtfiil 
whether  they  remain  combined  after  the  solidilication  of  the  mass,  and  the 
wide  differences  Iwtween  the  melting  and  solidifying  points  of  wrtain  alloys 
appear  to  indicate  that  the  existence  of  thi-se  compounds  is  limited  to  a 
certain  range  of  tenijiersture.  Matthiessen*  regards  it  as  probable  that 
the  wmdition  of  an  alloy  of  two  metals  in  the  liquid  state  may  If  either 
that  of — I.  A  solution  (^f  one  metal  in  another  ;  2.  Chemical  couibiuation  ; 
3.  Mechanical  mixture;  or,  4.  A  solution  or  mixture  of  two  or  oil  of  the 
above ;  and  that  similar  differences  may  exist  as  to  its  oonditiuu  iu  thi 
solid  state. 

The  chemical  action  of  reagent*  npon  alloys  is  lometimes  very  diffei 
from  their  action  upon  metala  in  the  separate  state  :  thus,  platinum  alloy 
with  silver  is  readily  dissolved  by  nitric  acid,  but  is  not  affected  by  that 
acid  when  unalloyed.     On  the  contrary,  silver,  which  in  the  separate  stal 
is  readily  dissolved  by  nitric  add,  is  not  dissolved  by  it  when  alloyiii  wi 
gold  in  projKjrlions  much  less  than  one-fourth  of  the  alloy  by  weight. 

•  UrllUli  Astoclnlloii  Ib-jiorta,   SOS,  |i.  VT. 
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Compoonda  of  Metal*  with  Metalloids. — Clasaification 
oi  MetHla. 

jiioo  of  the  mcUilji  nM'ordiiig  to  their  quantivalrnct!  or  atoini> 

111  the  l&ljle  on  p.  1239  ;    nud  each  of  the  clasanti  thus  furiiiMl 

led  into  ^rou}M,  the  individual  members  uf  which  posiit'^s  uur- 

il    or   chemk«l  vhaructera   iu   coimnijii.     There  arc,  liowever, 

•rreraJ  tat'tals,  eitpeciall;  auuiig  thuac  uf  rare  occurrence,  whutie  positiou 

a  lh»  tacioa  ia  by  no  meuu  dufiuitelj'  ILxed. 

Class  I.  —  .lAmuii  ifetaU.  —  1.  Aranng  these  metala,  potaani  uni, 
•a  J  I  J  ui.  irwftium,  rubidium,  aud  lithium  are  called  u/i:iiyt-m«'/u/x. 
T;  fi,  easily  fusible,  volatile  at  higher  tcmperaturea  ;   combine 

t  'icilly  vrilh  oxrgen  ;    decompose  water  at  all  temperatures; 

I  '  ■.■  basic  oxides,  which  are  very  soluble  in  water,  yielding 

'10  and  alkaline  hydroxides,  not  <lecomiK>sable  by  heal. 
-   are  soluble  in  water,  and  each  metal   forms  only  one 
ypothetical  metal  ammonium,  NH,  (p.  IfiB),  is  usu,illy 
■4^  i.-i  .if  alkali-metiils,  on  account  of  the  general  similarity  of 
lti«iMapouii>ls  to  those  of  puUusiuin  and  sodium. 

1.  Silt'or  dilfers  greatly  from  the  alkali-metals  in  its  physical  ami 
■OH  of  it*  chemical  pr(>p<<rl ies,  but  it  is  related  to  them  by  the  isomorph- 
^m*t  aotae  of  its  com{>ouuils  with  the  corresponding  compounds  of  those 
■rtaU  :  Uiua  it  forma  an  alum,  similar  iu  form  and  oompoaitiun  to  ordinary 
fttmh  aliun. 

Cl&h  IT. — Dynd  Mriah. — 1.  The  three  metals,  barium,  strontium. 
Ml  eal''inm,  form  oxides  calltxl  oltalinn  eurlJit,  K«s  soluble  in  water 
Aab  tha  trao  alkalies,  but  exhibiting  similar  loittc,  causticity,  and  action 
ia  va^vtaldn  colors.  The  metals  of  this  group  form  but  one  chloride, 
Uf.,  Bal^  :  their  carbonates  are  insoluble  in  water,  and  barium  sulphate 
ii  aUu  in^ioluble,  strontium  and  calcium  sulphates  slightly  soluble. 

X    A   second   group   comsista  of   the   metals    beryllium,   yttrium, 
•  rbinm.    lanthanum,    and   didymium,    which    form    oxides    called 
liible  in  water,  and  not  re<luciblo  to  the  metallic  state  by  hy- 
itImq  ;  their  carbonates  are  insoluble  in  water,  their  sulphates 
1  !ie«u  metals  also  form   hut  one   cbloriile,   viz.,   a  ilichluride. 
M  very  rare.     Mendelejeff,   as  alreaily  observed  (p.  23!i),  pro- 
sify didymium,  yttrium,  and  erbium  as  triads,  and  lanthanum 
trad;  but   his  reasons  fordoing  so  ore  not  very  conclusive :  iit  all 
it  U  most  convenient  to  describe  these  metals  amongst  the  earth- 

Itgnaainm,  zinc,  and  oadmiam  resemble  one  another  in  being 

■  st  high  temperatures,  and  burning  when  heated  in  the  oir ;  they 

,.»e  water  at  high  temperatures,  eliminate  hydrogen  from  dilute 

i'l    f"rm  ouly  one  oxide  and  one  chloride,  t.g.,  ZnO  aud  ZnCl,, 

A  as  formerly  classed  as  an  earth-metal,  but  it  bears  a  much 

^•y  to  line. 

4.    Morcury  and  copper  PAch  form  two  chlorides  and  two  oxides: 

Dareury,  for  example,  forms  the  two  chlorides,  HgCl,  and  Ilg,Cl,,  and  the 

l«t>  uxidnt,  ilgO  anil  Hg,0.     Mereurous  clUoridu  (calomel)  is  represented 

Hg-CU  Hg 

bf  thw  formula      I  ,     and  the  corresponding  oxide  by      I    ^0 

ll«-CI  llg 

The  ortpp»'r  cotiijHMiniU  are  similarly  ivinstituted.     These  metals  do  not 
i»ciaa\tf»K  wM4<r  at  any  temperature ;  tliey  are  oxidizwl  by  nilrio  aud  by 
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strong  sulphuric  nvids.  The  uxides  of  iner<;ury  arc  rt^lnwd  to  th<»  mpUU 
Ktate  by  bvnt  alone ;  those  of  copper  by  i|;nition  with  brdrogirn  or  chJ 
coal. 

The  position  of  coppiir  in  the  series  has  already  lieen  (UsciusmI  (p.  239), 
It  has  certain  aunlt>gie«  witli  the  iiiPlaU  <if  tli>.'  iron  group— snd  In  the 
ouproug  ociiii{iouiiils  it  niny  be  reganUnl  as  univalent  ;  l>ul  iu  its  n>oet 
stAble  oompouuds,  the  cupric  saltn,  it  is  unqueatiuuably  bivalent. 

Clask  III. —  Triad  ifetait. — The  metals  referable  tu  this  el.iss  are  alnml 
niuiii,  gallium,   iudiiiin,  thallium,  and  gold.     The  first  tlins-  furn 
trichlnriiUw  ;  thallium  aiiit  guld  form  nionnrhloriiies  auU  triililorid- 
e<jrres|>oni.liu);  oxides,   r.j.,  thallium  chlorides,  TICl  aud   TM'! 
TIjO  and  Tl,(),.     The  monu-i'onipouiidH  uf  tli»llium  are  nuuli 
th.in  the  tri-(om|K)und8,  and  in  resiieet  of  these  comjiounds  tl 
hiliits  very  close  annlogii-s  to  the  ulkiili-metals,  formin;;,  fur  • 
alum  isomorphous  with  common  potash  alum,  and  plmsphal' 
iu  coinpiisition  to  the  phosphates  of  sodium.     The  position  o(  gnlit 
alrea<ly  lieen  discusse<l.     Aluminium  is  sometimes  regarded  as  a  U)lr 
bnt  for  roasouB  already  given  (p.  240)  it  u  must  probably  a  triad, 

Class  TV. —  THnul  Uriah. — To  this  dims  U-long  ilrconium,  thorin 
cerium,  tin,  titiiniuui,  and  letul.  /iiri-nniiim  and  tlmrinuni  form  te 
chlorides  and  dioxides.  The  position  of  cerium  in  the  series  is  altogvi 
doubtful. 

Tinaud  titaniam  arc  closely  related  fo  siliciura,  each  fonnlin.-  <i  \ 
tilu  tetrachloride;  namely,  slannio  chloride,  SnCI,,  and  titan 
Ti(.'l„  together  with  the  ivrresjxinding  oxides.     Tin   likrwi' 
stannous  com)>ouuiUi  iu  which  it  is  bivalent,  e.g..  - 
nium  fnniis  the  titanous  compounds,  in  which  it  i.-< 
but  really  <|undrivalent :  «.  g.,  TiCI,  or  Ti,f'l,  =  f'1,1 1 — j  ji  i 

The  i|iia<lriv,ilcnce  of  lead   is  inferretl  from  llie  I'onijxisilion  of  /i/< 
Mrriliitle,  l'b(t'jllj), ;  but  in  most  of  its  «im|H)unds  it  is  bivaJi-i 
only  one  chloride,  I'bClj,  with  eorresjionding  iodiile,  bromide,  .i 
ll  fiinns  also  the  corresjioniling  oxide,  Pli4J,  together  with  a  I"'  I| 

1*1)/).  and  three  higher  oxidi*,  Pl>,Oj,  Pb,Oj,  and  I'M),.     I^-ad  u  atliml 
barium  and  stmnlium   by  the  isornorphUm  of  its  gutph.ite  with  tli«  ai 
phaleit  of  barium  and  strontium,  and  to  silver,  thnllium,  und  meroi 
the  sparing  solubility  of  its  chloride,  which  is  precipltatisl  by  hyd 
acid  from  solutions  rvf  lesd  salts. 

I'latinu  m  and  its  allied  metals  also  form  telraohloriiles  and  dioxitliit] 
but  these  metals  are  bust  regardi<d  as  forming  a  group  by  themselv 

Cukss  V. — f^liiti  Afrtalt. — 1.  Arsenic  forma  »  tricblorl.l^,  n  fi 
and  corresponding  salts  :  also  ■  pentnxldi>,  and  corr 
called  arsenates,  analogous  to  the  phosphatiw.  Antin< 
chloride  and  u  peuttu-hloride  analogous  to  those  of  ph<>- 
oorrespuudiug  oxides.  Uismnth  forms  a  volatile  tricli 
UiCI, 
I       .     Vanadium  was  formerly  snppuMd  to  Mo 

Hin, 

ll  it  lias  I                     ohown  t« 
:  also  au  1.                    .  VlK'l,,  •■»: 
aud  the  oxid'-s,  V,u,  and  V.n 
of  phosphorns  and  nrsi-nlo,  Uie  latter  yleli||n{r  a  a<'i 
diilio,  Ixihiorphiius  with   the  phuaplialm  ami  anteuatra 
dvujKinilion.  


ohluridu,  BijCl^,  or 

U>  Ibn  III: 
farms  a  1 1 
jihorila  uxycliluiid 
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lft«vB  \>y  MArigjtMc  to  form  penUrhloridN  and  pHntoxidiv,    The  oxides  of 
»-  ^..~»jj  metals  »t»,  for  llio  must  part,  of  at-id  character. 

VI. — Hf^ad  Sfelah. — 1.  Chromium  furiiis  a  hexflooride,  CrP,, 

l>oDdiug  oxidf,   L'rO,.     It  likewise  fnnns   two  scries  of  oiirii- 

•  iiich  it  *xhiliit»  lower  degrees  of  equivalence,  vise.,  the  chrimiio 

.'L>  aualogous  to  the  ferric  comixiunds,  ill  which,  like  aluminium 

n,  it    u   either   trivalent  or  quadrivalent',  e.  </.,  chromic  chloride, 

Crtn, 

(Kk  or  Cr,Cla  =   |         ;  and  the  cbromons  oompounda,  analogous  to  the 

CrCl, 
Inwu  omiiitounds,  in  which  it  is  hiralent,  e.  g.,  CrCI,,  CrO. 
C  I  a  a  i  D  m  forma  a  trioxide,  LiU,,  and  an  oxyohloride,  t'U,Cl^  analogona 

S.  Tangsten  forms  a  hexehloride,  WCl,,  and  the  corresponding  oxido, 
WO^  Mol  J  bdon  am  is  not  known  to  form  achloride  higher  than  M0CI4, 
tat  ita  trifixi'le,  Mo<)„  is  known ;  and,  from  the  general  similarity  of  tlie 
n<l  molybdenum  oompoands,  the  latter  metal   is  inferred  to  be 


VII, — Hf-ptad  Mrtaln. — ^The  only  metal  at  present  referable  to  this 
rias  ii  Maii.'anesu,  which  forms  a  heptachloride,  and  may  also  be 
Ugai-  '.  vlic  in  permanKanio   acid,  HMnO^,  and  its  f>Hltii,  which, 

•^Iro;. .  1,  are  isomorphous  with  thepurchloratex  (p.  241).      Man- 

■■■•  u,  ii.rn\  'ver,  more  oouvunieutly  described  in  connection  with  the 
■iBgrDO(i  af  metals. 


1 


VTII.— /nm  and  Plaiinwit  Metali. — Theee  metals,  for  reasons  already 

i    .-^iiii.t    Iw  referrcl   U)    either  of  the  prereiling  clasRes  (p.  241). 

.■  certain  physical  properties   in  common,  they  exhibil  a 

than  .Illy  of  the    preceding    to  enter  into  combination, 

As  peiriH-' ;  I-.      !„,.timeji  as  artiads. 

TtN> Bill*  metaU    >!  iii.~  lI»s  rtsemble   one  another  in  many  respects ; 

.'•<  all  ot  gray  color  aud  difficult  of  fusion.     (2)  They  ptissess 

.-re«  the  power  of  o»ndeusiug  ami  giving  passage  to  gases,  as 

.'!"  in    nickel,   palladium,    iron,   and    platinum.       (3)    Their 

-    iT.' basi-a,  or  aciila  "f  little  energy,  which  are  ensily  reduced 

if  more  decided   b.isio    character.     (4)  They  form  stable 

viih  the  alkali-ini'tals,   Fe,  Ku,  and  Os,  yielding  analo- 

u.iving  the  general  formnia  K^KCy,  ;  Co,  Rh,  Ir,  forming 

1  \i.-  general  formula  KjRCy,  ;    Ni,  Pd,  Pt,  forming  salts  having 

'inn  K,K(.'y,.     (.'1)  Some  of  their  compounds,  especially  those 

uglier  dogreei  of  oombiaation,  are  distinguished  by  charactcristio 

\  -M  might,  on  account  of  analogous  In-havior,  be  included 
^  ,  ttliliMu^^h,  according  to  the  constitution  of  their  lower 
uj{  to  the  first  or  monadic  doss. 

^Th«  htm  Group  innlndea  iron,  Diokel,  and  cobalt,  perhaps  also 
taaganese,  ohro  mi  u  m,  and  cerium.  Iron,  in  the  ferrous  coin- 
yaavAt.  is  bivalent  ;   in   the  ferric  compounds,  it  may  be  regarded  eitlier 

J,  ...  ..1  -  ■  ,  ,  ;  .  IrivalenI,  ferric  chloriile,  for  example,  being  either 
i  — Kel'l,.      The  vapor-deMHity  of  llie  (•■■in|K)Und  tenils 

r.  ii.i  f.irmula.    Iron  also  forms  salts  called  ferrates, 

1:  in  which  it  is  sexvalent.     Cobalt  forms  two 

fcrf  ,,     .  iistothe  ferronsand  ferriocompounds;  nickel 

li,  for  the  matt  pan,  bivalent,  bat  it  also  forms  a  seaquioxlde,  Ni,0,. 
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Manga II eHe,  as  above  nieDtioned,  is septivalent  in iu  highest clUoti 
MiiC'l,  (the  (xiiupuaitioii  ut  which  is,  howfver,  somewhat  liuubtful),  ai 
the  ]>uruiau)::uiat«ii ;  in  its  other  coui(K>und8  it  reseiublvii  irun,  being 
lent  iu  the  iu,iiigauuu»,  tri-  or  quadrivalent  in  the  umnganio  conipouD 
and  sexvalent  iu  the  mangauates,  e.y.,  K,Mi>U„  wliiuh   are   analogou 
the  sulphates,  uhruuiates,  aud  ferrates.     All  these  nietuls  deeoiu{>ose  wa 
at  high   temperatures.     Niekel   and  coluilt  are  magnetic  like   iron, 
their  salts  are  isomorpliuus  with  the  c^jrrespuuding  irun  uumpounds. 

Chromium    forms  three  series  of  eumpouuds  au&lugous  in  eompositi 
and  in  many  of  their  properties  to  Uie  ferrous  and  ferric  salts  and  the  I 
rates.     Chromic  aciil,  liowever,  and  the  c<>rre«iK)ndiiig  anliydride  arp  v« 
stable  compounds  ;  wheri^us,  ferric  acid  and  the  oorresjMnding  aiihydr 
oxide,  Fe<'>„  are  unknown,  and  the  ferrates  are  very  unstable.     Ceriul 
is  bivalent  in  thei'Tous  salts,  sexvalent  in  eerie  fluoride,  CeF„  and  fa 
an  oxide,  Ce,Oj  analogous  to  ferroso-ferrio  oxide,  Fe,Oj,  and  corr 
salts. 


correspond 


Ptntlmim  Metnlt. — PI,Htinum,  palladinm,  iridinm,  rhodinf 
ruthenium,  and  osmium,  form  a  natural  group  of  metals, 
ring  together  in  the  metallic  state,  and  resembling  each  other  in  many< 
their  properties.  Platinum  and  palladium  form  dichlorid<«  and  tetrac]|~ 
rides,  with  corresponding  oxides,  viz.,  I'tCl,,  I'tCI,,  I'K),  I'tO,.  IridiuiF 
forms  a  iliohloride,  a  telracliloride,  and  an  intermeiliato  chloride,  which 
may  be  reganlixl  eidier  as  IrCI,  or  as  lr,Clj  ^  Clslr — IrCI,.  Kuthenin 
and  osmium  form  chlorides  similar  in  constitution  to  those  of  iridin 
rhodium  oa\y  a  diclilorido,  (JhCI,,  aud  a  trichloride,  I<li,CI,.  All  tl 
metals  form  oxides  analog<ms  iu  wimjKisitiou  to  their  olilorides,  e.g., 
Ir/),,  IrO,,  and  likewise  higher  oxides,  iridium  ami  rlnKiiuin  farming  I 
oxides,  lr<t,  and  IlliO,,  and  osmium  ami  ruth^niiiiii  forming  tetroxid 
OsO,  and  ItuD,  ;  but  there  are  no  chloriiles  corresponding  with  these  oxid 
The  metals  of  the  i>lnthuini  group  are  not  acted  upon  by  nitric  acid,  ht 
only  by  chlorine  or  iiilro-nuiri.'itic  ncid.  With  the  exception  of  oamium, 
they  do  not  oxidiie  in  the  air  at  any  temperature,  and  their  oxides  are  alt 
reducible  by  heat  alone.  Thi-se  metals,  together  with  gold,  silver,  and 
mercury,  which  likewise  exhibit  the  last-mentioned  character,  are  Boa 
times  called  nohle  melaU. 

The  metals  of  the  alkalies  and  alkaline  earths,  on  account  of  Iheii  in 
rior  spei'illc  gravity,  are  often  called  light  metals;  the  others,  heal 
metals. 


Metallic   Chloridea. — .Ml  metals  oombine  with  chlorine, 
most  of  them   ill  sevi-ral   proportions,  as  alxive  iudicaleil,  forming 
poun<ls  which  may  Iw  regardi'd  as  derivinl  from  one  or  more  molecules  of 
hydrochloric  acid,  Viy  substitution  of  a  metal  for  an  equivalent  quantity  i 
hydrogen  j  thus  : — 

Prom  HO    are  derival  monnchlorides  like  KCl 
*•     l!,ri,  "  diclilorides  •'     BaCl, 

"     U,ri,  "  tricbjoridps         "    AnCl, 

"     U.CI,  "  tetracliloridoi     "    8nCl„  etc.  etc. 

Ilydrorhloric  acid  may,  in  fact,  be  regarded  as  the  type  of  chlorides  i 
general. 

Several  chlorides  o<vur  as  natural  products.     Sodium  chloride,  or 
toon  salt,  occurs  in  enormous  quantitiee,  Iwth  in  the  solid  statu  as  rn 
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ntt,  snd  il!ssrr!rvd  in  M&-««t4!r,  oiid  in  tbe  water  of  rivi-ra  ami  gprini^s. 

!••  occurs  in  iJiu  itaiuv  forms,  but  in  Biaaller  quoitlil/  ;  Ui« 

lui,  oBsiuui,  nibiaium,  and  thallium  also  occur  in  small 

«at«rK.     Mt-rcorouii  cliloridu,  llg,Cl,,  aiidiiilver 

iiral  niiucrals. 

.  ...U_v  prc'iKirwd   by  one  or  otliur  of  the  foUowinf; 

iijf  U|x>n  till-  mi'tal  with  chlorine  gas.     Antiiuuny 

^  jx'r  diohli>ri(!c  are  examples  of  ojiloridcti  ftomctimi^ 

iiiannir'.     The  eliloridra  of  (rold  and  platinum  arc*  usually 

j^'  UfHiu  the  mt-tal.s  with  nascvnt  ('hlorinr,  devel<i|H-d  by 

I.  1   nitric  acids.     Sometime*!,  on  the  other  hand,  the  metal 

b  t   state,  aa  when  titanic  chloride  is  formed   by  }>a«»iuj;  n 

r:  le  over  A  henliHl  mixture  of  charcoal  and  titanic  oxide. 

T  aluminium  and  chromium  may  be  obtaiuc<d  by  similar 


-,  by  its  action  upon  metallic  oxides,  <lriveg  out  the  ozy- 
iih  the  respective  metals  to  form  chlorides.  This  renc- 
.ke  place  at  ordinory  temperatur(«,  as  in  the  case  with 
M'times  only  at  a  ro<l  boat,  as  is  tlie  uise  with  the  oxides 
Is,  and  alkaline  earlh-metaU.  Tbe  hydroxides  ami  car- 
lost  nii'taltt,  when  dissolved  or  suspemlcl  in  hot  water 
excess  of  chlorine,  are  converted,  chieQy  into  chlorides, 


.   .  i,l,,il,l..«  are  prepared  by  nclinR  upon  the  metals  with 

.  luiium,  iron,  nickel,  cobalt,  and  tin  dissolve 

1,  with  liberation  of  hydn.yen  ;  copjH-r  only  in 

bulling  acid  ;  silver,  mercury,  palladium,  platinum,  and  Kold, 

ik:>aietim>-j  the  metal  is  substituted,  not  for  hydrogen,  but  fur 

'  mpifl!.     Stannous  chloride,  for  instance,  is  frequently  made  by 

[metallic  tin  with  mercuric  chloride  ;  thus  :  llgC'l,  ■{-  i>u^SuCI,-f* 

4.  By  iliMulriog  a  metallio  oxide,  hydroxide,  or  carbonate  in  hydro- 

r'acl.1. 

Wonoa^hlorides  and  dichlorides  are  soluble  in  water,  excepting  silver 
A-n,  and  mercurous  chloride,  llgjCI, ;  letul  chloride,  PbClj,  is 
;  these  three  uhlorid<^g  arc  <ra.sily  formed  by  precipitation. 
!.>ride<i  dissolve  also  in  al<'«bol  and  in  ether. 
I  nles,  dichlorides,  and  trichlorides  volatilixo  at  high  tem- 
i  deeompoaition  ;  the  higher  chlorides  when  heated  give 
1    ■  '  '   -tie.     S«jme  chloridis  which  resist  the  action  of  beat 

dc  y  ignition  in  the  air,  yielding  metallic  oxidi.'S  and 

iiii  '"I  ease  with  the  dichlorides  of  iron  and  manganese ; 

luuin  unden>m{KiK<.sl,  even  in  this  case.     All  roetal- 
i^  those  of  the  alkali-met.il8  and  earth-metols,  are 
«»i  at  a  fed  lieat  by  hydrtigen  gas,  with  formation  of  hydrochlorio 
lliix  way  metallic  iron  may  be  obtainixl  in  fine  cubical  crystals, 
r-  ide,  plaeed  in  uontuct  with  metallic  zinc  or  iron,  under  dilute 

'  :    hydrochloric  acid,  is  reduced  to  the  metallic  statu  by  the 

t»«,  ■  i,-  -     -  -t:, 

^nlp:  phuric,  tiorie,  and  arsenic  acids  decompose  must  metallio 

dilnrl'l  lies  at  unliaary,  sometimes  at  higher  temperatures.     Ml 

actali  heatisl  with  lead  dioxide  or  mougancae  dioxide  and  aul- 

pbarlc  .1  tttf  chlorine,  c.  </. : 

IXtCl    +    MnO,    +  ail,SO,    =  Na..SO,    +    MnaO,    +    2H,0  +  CI,. 

toiiun     ll*i|r«tie>«  Bulpliuric  Soiiliim         Mini^xnuus 

-ykitrjA'       diOalUe.  arM.  ■ulplmle.         »uliih%te. 

U 


laajr  i 


llrckl'.: 

«od  :  in 


278  ciiEMisxaT  of  the  metals. 

Chloritics  distilled  with  Bulpburic  add  and  potajiaiura  chromatn,  yitdd 
dark  bluish-iul  distilUti;  of  chromic  oxvchloride.     Some  met<illiu  cUloriij 
are  dewmposed  by  utiier,  forming  hydriK!lilorio  acid  and  an  oxychlorid 
e.  g. :    BiCl,  +  U,0  =  2HCI  +  UiClQ.      The  chlorides   of  antimony 
stannouii  chloriile  are  decomposed  in  a  smilar  manner. 

All  solnble  cbloridus  give,  with  solution  of  siVt-er  nilrale,  a  white  prrci]^ 
tate  of  silver  chloride,  easily  solable  in  ammonia,  insoluble  in  nitric  ai)i 
With  jncirurnM  nilriUe,  thoy  yield  a  white  curdy  precipitate  of  mercuroi 
chloride,  blackened    by  ammonia;    and   with   lead-mltt,  not   too  dilute,^ 
white  precipitate  of  leail  chloride,  xoluble  in  excess  of  water. 

Metallic  chloriilcs  unit^  with  eaeh  other  and  with  the  chlorides  of 
non-metallic  elements,  forming  such  compounds  as  potassium  chloro 
curate,  'i&C\.HgCi„  sodium  chloroplatinate,  2NaCl.PtCl„  potassium  oUl< 
ioilnt<.<,  KC'l.ICl,,  oto.     Metallic  chlorides  combine  in  definite  proportio 
with  ammonia  and  organic  bases :    the  chlorides  of  platinum  form  wiC 
ammonia  the  compounds  2NH,.IHCI„  4NH,.l'tCl„  2NH,.l'ta„  and  4NI1,. 
PlCI, ;  mercuric  chloride  forms  with  aniline  the  compound  2c;,Il;N.HgCi, 
etc. 

Chloride;!  also  unite  with  oxides  and  sulphides,  forming  oxychlorida  i 
ttilphorJiloriJat,  which  may  be  regarded  as   chlorides  having  part  of  tlie 
chlorine  rei)lttce<l  by  an  equivalent  quantity  of  oxygen  or  salphor  (CI,  f 
0  or  S).     Itismuth,  for  example,  forms  an  oxychloride  having  the  oomp 
sition  BiClO  or  BiCl,.lii,0,. 

Bromides  | — Bromine  unites  directly  with  most  metals,  forming  < 
pounils  analogous  in  composition  to  the  chlorides,  and  resembling  them  ] 
most  of  their  properties.     The  bromides  of  the  alkali-metals  ocuur  in  sea- 
water  and  in  many  saline  springs  ;    silver  bromide  occurs  as  a  natural 
mineral.     Nearly  all  bromides  are  soluble  in  water,  and  may  be  formed  bjr 
treating  an  oxide,  hydroxide,  or  carlionate,  with  liydrobromic  acid,  t)>* 
solutions  when  evaporoted  giving  off  water  for  the  most  part,  and  biaving;^^ 
solid  metallic  bromide;  some  of  them,  however,  namely,  the  bromides  i 
magnesium,  aluminium,  and  the  otln'r  earth-metals,  are  more  or  hss  T 
comjujsed  by  eva|>oratiou,  giving  olf  hydrobromio  acid,  and  leaving  a  mil 
turu  of  metallic  bromide  and  oxide.     Silver  bromide  and  mercurous  hn 
mide  are  insoluble  in  water,  and  lead  bromide  is  very  sjiariugly  solubU 
those  are  obtained  by  preeipiUition. 

Motallio  bromides  are  solid  at  ordinary  temperatures ;  most  of  them 
fuse  at  a  moderate  hi-at,  and  volatilise  at  higher  tiimperatures.  The  bro- 
mides of  gold  aud  pl.-itinum  are  deeomfiosed  by  mere  exiwsure  to  heat ; 
many  others  give  up  their  bromine  when  heated  In  cont.icl  witli  the  air. 
VMurinf,  with  the  aid  of  heat,  drives  out  the  bron'ine  and  converts  them 
into  chlorides.  Ili/ilrochliirlc  arid  also  decomposes  them  at  a  red  heat,  giving 
off  hydrobromio  acid.  Strong  sulphuric  or  nilricacid  dec<>m[>oses  them,  with 
evolution  of  hydrobromio  acid,  which,  if  the  sulphuric  or  nitric  acid  it, 
concentrated,  and  In  excess,  is  partly  decomposed,  with  separation  of 
bromine  and  formation  of  sulphurous  oxide  or  nitrogen  dioxide.  Bromides 
heated  with  iulpliuric  acid  and  mumjanrse  dioxide  or  jiolassiiun  chromate,  giva 
olT  free  bromine.  ^^| 

Bromides  in  solution  ore  easily  decomposed  by  chlorine,  either  In  th^l 
form  of  gas  or  dissolved  in  waU^r,  the  liquid  acquiring  a  red  or  reddish- 
yellow  wlor,  according  tti  the  quantity  of  bromine  present;  and  on  agitat- 
ing the  liquid  will)  ether,  that  liquid  dissolves  the  bromine,  forming  a  t«l 
solution,  which  rises  to  the  surface. 

Solulile   bromid(«   give  with  tilvrr  nitrtUe  a  whlt«  precipitate  of  »ilv« 

bromide,  greatly  resembling  the  chloride,  but  much  less  soluble  in  an) 

aioaia,  itinoluble  iii  hot  nitric  aoid.    Mercurout  nitratt  |>roduoea  a  yelluwisii 
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vUt«  pr««i|>itAUt ;  Aiul  ttatJ  aertnl*,  s  white  precipitate  mnch  Iras  soluble  { 
IswBterUa.t'  ''  '""'    -i  niVraff  prodiioei?  in  solutions  of  bro- 

Mdas  BiX  tr>  >  lirvcipilatiMif  liruuiido.      l'ulla<liiim 

■Uatiit*  pi\»...v  -  '.»  ,..^. .,..;....  ,  ^...;li<.<r  iluvb  tUu  nitrate,  if  soluUe  cUlo- 
diM  ame  pnweut. 

Hw— titia  unite  with  each  other  in  the  same  manner  as  chlorides  ;  also 
■Hb  vsidfs,  kulphiiliM,  ajui  oiimiouia. 

■  -^B. — Tlu-se  coniiMiiinils  are  obtaineil   by   prwi'ssiw  similar  to 

:  vifUl  tbv  ehluriilL-s  ami  bromiclos.     Maiiv  luetalst  unite  dirt^ctlv 

•  I'   t  .--:i:iii  111  I  -  ■  liinu  iijiliil.w  exist  in  tii-a-water  anil  in  many 

I.  I "^  Jis  »  natural  uiiui-ral. 

ii^ '    -  .i'-  au.il  i„iu.-*  lo  thu  brouiiUcs  and  chlorides  in  composi- 

Uta  SI"'  '^1.      Unt  lew  of  tlirni  are  dcmiuposed  by  hual  alone  ;  the 

Wiil«3  -liter,   platinum,  and  palladium,  however,  give  up  their 

UllOe  wliril  tii-ale<l. 

Html  mutAlUe  io<lidea  arc  perfevtly  soluble  in  water ;  but  load  iodide  is 
r>ry  aligbtly  soluble,  and  the  iodides  of  mercury  and  silver  are'quite  iu- 
mtahlr. 

&>|ai  ■■  =»lidps  evaporated  out  of  contact  of  air,  generally  leave 

aaJajdi  iciodidert,  which  portly  separate  in  the  cryatiilliue  form 

More  IS   wholly  driven   olf.     The  io<lides  of  the  earth-metals, 

k>«ct '  Ived,  ou  evaporation,  into  the  earthy  oxides  and  liydri- 

ulu  i  -capes.     A  very  small  i|uantity  of  Murine  colors  tlie  solu- 

!i  or   brown,  by   partial   decom)H>sition  ;  and  a  somewhat  larger 

■(  >•'»  np  the  whole  of  the  metal,  forming  a  chloride,  and  separotel 

u«  iL-.  ii  then  gives  »  bine  color  with  starch  ;  a  still  larger  qnan- 

lUr  aC  ivea  the  liquid  a  paler  color,  and  converts  the  separated 

Mia*  uiiu  ':  '  '  of  ioiliue,  which  dixvs  not  give  a   blue  color  with 

itaMl^  and  ''nlers  into  combination  with  the  metallic  chloriitu 

|»4»ntd.  ^  „  j'/iurtV:(u-K/ and  somewhat  (roncentrntiHl  niVn'ouriV/ L-olor 
IkakoloUoa  yellow  or  brown;  and  if  the  quantity  of  the  iodide  is  large, 
aad  Uw  aolutioo  much  concentrated  or  heated,  they  liliernte  iodine,  which 
pMtlx  <<*c«pe8  in  violet  va|>or.  Sturch  mixetl  with  the  solution,  even  if  it 
ba  TCty  dilute,  is  turnetl  blue— permanently  when  the  deivmposition  is 
MicBltd  by  sulphuric  aciil ;  for  a  time  only  when  it  is  effected  by  uitrio 
aid,  «ap«'ially  if  that  at^iil  be  ad.leil  in  large  quantity. 

Th«  aqueous  solution  of  an  iodide  gives  a  brown  precipitate  with  salts 

tl  iummti;  orange-yellow  with  Imrl  salts;    dirty-white  with  aqtniu  salts, 

iT>.^  .i.^-.  •riti,  ...,,.,',,   .filtt,  r«{>ecially  on  the  addition  of  sulphurous  acid  ; 

riTeurOHJ  salts  ;  scarlet  with  merciirir salts  ;  yellowish- 

-  :   lemon-yellow  with  g<Jd  salts;  brown  with  plnliiiic 

liowever,  turning  the  liquid  dark-brown-red  ;  and  black  with 

.  :.lium,  oven  when  extremely  dilute.     All  tbeae  precipitates  oon- 

t»l  of   metallip  iodi.le*,  many  of  them  soluble  in  excess  of  the  soluble 

MU*:    the  silver  precipitate  is  insoluble  in  nitric  acid,  and  very  aillo 

•alable  In  ammonia. 

MeUltie  ic.liiles  unite  with  one  another,  forming  double  iodides,  anaJo- 
ynia  !■-'<'"'  .l"iil.le  cbliiridi-s;  they  also  alworb  ammonia  ga-s  in  detinite 
jmw;'  lie  of  them,  as   those  of  antimony  and   tellurium,  unite 

wwb  f-:  ■<  th«  oorresptmding  metals,  forming  oxy iodides. 

Flnoildes.— Th»««  rwrapounds  are  forraM— 1.  By  heating  hydro- 
tuorie  acid  with  Ids.     2.  By  the  action  of  that  acid  ou  metallic 

nides.     3.   Br  !.•  irn-negative  metals — antimony,  for  example — 

With  fluoride  'o{  le.i.4  ...  ....oride  of  mercury.     4.  Volatile  metallic  Uuoridea 
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may  bo  prepared  by  heating  flaor-spor  with  sulpliurio  add,  and  the  oxii 
of  the  metal. 

Fluoridoa  hare  no  metallic  lastn* ;  most  of  them  are  easily  fuuiblc,  ; 
for  the  most  part  resemble   tlie  chlorides.     Tliey  are  uol  deoomptisod  I 
ignition,  either  alone  or  when  mixed  »iiU  cliareuol.    VVIien  ignited  iu  ■ 
tact  with  the  air,  in  a  flame  which  contains  aqueous  vapor,  many  of  them  i 
converteil  into  oxidea,  while  the  lluurine  is  given  off  as  hydrolluoric 
All    tluurides   fire  <lei^mj«>.siHl    by  eJihriiir,   and   couverte*!   into  ehlorido 
They  are  not  deoomposeil  hy  plu>»}ilioric  o.rii/p,  unless  silira  is  present.     'J'h^ 
are  dee-omposeil  at  a  gentle  boat  by  strong  mlplmric  avid,  with  fonuatiuii  ( 
a  metallic  sulpbate  and  evolution  of  hydrolluoric  acid. 

The  Uiiorides  of  tin  and  silver  are  easily  soluble  in  water;  those 
pntassiuiii,  sixlium,  and  iron  are  sparingly  soluble  ;  those  of  strontin 
aufl  cadmium  very  slightly  soluble,  and  the  rest  insoluble.  The  Holutio 
of  nninieniuui,  putassiiuii,  and  sodium  Uuoride  liave  an  alkaJiuo  reactia 
The  aqaeiius  solutions  of  fluorides  coirotie  gliLSS  vessels  io  which  tliey  i 
kept  or  evaporated.  They  form,  with  soluble  calcium-taltii,  a  pniipilj 
of  calcium  Uuoride,  in  the  form  of  a  transparent  jelly,  which  is  fccarce 
visible,  becau.so  its  refractive  power  is  nearly  the  same  as  that  of  tl| 
liquid;  the  addition  of  ammonia  niaki-s  it  plainer.  This  xirecipitate,  if) 
do*«  not  contain  silica,  dissolvt'S  with  difficulty  in  hydr»i<hlorlu  or  nit 
acid,  and  is  re-preoi]>il.ited  by  ammonia.  The  aquooun  tluoridea  give^ 
pulverulent  precipitate  with  lead  acet,ite. 

The  lluorides  of  antimony,  arsenic,  chromium,  mercury,  niobium, 
mium,  tantalum,  tin,  titanium,  tungsten,  aud  zino  are  volatile  withog 
decomposition. 

Fluorine  has  a  great  tendency  to  form  double  salts,  consisting  of  a  fluo- 
ride of  a  basic  or  jHisitivo  metal  uniti-d  with  the  Uuoride  of  hydrogen,  boron 
■UiooD,  tin,  titanium,  xircouiam,  etc.,  e.  ^. — 


Fotassinm  bydrofluoride 
Potassium  boniMuoride 
Potassium  silicolluoridn 
Potassium  tituuolluoride 
Potassium  slnnnotluoride 
Potassium  zirooUuoridu 


KTTF,    =  KF.XIV 
KUF,     =  KF.bF, 
K,SiF,   =2KF.t!iK, 
KiTiF,  =  2KF.TiF, 
K^uF,  =  iKF.SuF^ 
K^.rF,  =  2KF.ZrF,. 


The  four  classes  of  compounds  just  described,  the  chlorides,  bromides, 
iodidra,  and  lluorides,  form  a  group  often  designated  as  haloid  com- 
pounds or  haloid*  salts,  from  their  analogy  to  sodium  chloride  ur 
Bva  salt,  which  uinv  lie  regnr<le<l  as  a  type  of  them  all.  The  elemeu 
chlorine,  bromine,  io<line,  and  lluurine,  are  called  halogens. 


Cyanide*, — Closely  related  to  these  haloid  compounds  are  the  ryai 
ides,  formed  by  the  union  of  metaU  with  the  group  CN,  cyanogen,  which 
il  a  mon.itomic    radicle  derived   from   the  saturated   molecule,  t'sK — 11 
(hydrocyanic  acid),  by  abstraction  of  U  ;  in  short,  the  cyauiiles  may 
regarded  as  chloridca   having  the  element  CI  replaced  by  the  eompuu 
radicle  CN  (p.  17;'i). 

Some  motals — potassium  among  the  number — are  tsmvertcd  into  oy 
ides  by  heating  them  in  cyanogen  gas  or  va|Kir  of  hodrocyanio  acid.     Ti 
cyanides  of  the  alkalimet-ils  are  also  formed  (together  with  cyanates)  by- 
passing cyanogen  gas  over  the  healed  hydroxides  or  carlionales  of  tl 
same  metala  ;  potassium  cyanide  also,  by  passing  nitrogen  g,ts  over  a  mi 
tare  of  charcoal  and  hydroxide  or  carbonate  of  potassium  at  a  bright  r 

•  From  «Xc,  the  tea. 
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CtxuMcs  are  fonDt*d  abuudantly  when  nitrogenoiu  organio  ooia- 
I  *t«  bvaUNl  witU  Uxud  alkaUu*.     OUiur  minles  of  furmation  wiU   Im 
1  b«nAft«r. 

Tk»  (ijraiiidea  ot  the  alkali-mvtaU,  and  of  barium,  Atrontium,  calcium, 
mnMiiiin.  and   meiciiry,  are  soluble  iu  wat<;r,  ami  may  Im<  priHlucvd   by 
tnf^trnj   ih"  oorrfspoudiiig  oxi<le«  ur  byilroxidi-^  wilU   liyilroeyaiiio  avid, 
rUer  niftalliv  oyanidui  are  inDolublu,  uud  ai'u  obtainni  by  pre- 
lu  the  sulublt!  cyaiiid<.«. 

'       "f  the  alkoli-iuetulii  sustain  a  red  heal  without  dn-om|>o- 
I  '  .iir  aud  UKri^^tun;    im  excluded.     The  i-yaiiidei)  of   juiiuy 

v:  '  lis,  as  leail,  irou,  cobalt,  iiiukel,  and  cojiper,  under  tlii'so 

c  ■.a  olT  all  their  uitro^jeii  as  gas,  and  leave  a  nielallic  car- 

l»  .  ••  cyanide  is  resolved  into  mercury  and  cyanogen  ga« ; 

«1«T  cjuni'i^  givva  off  half  its  cyanogen  as  gas.  Most  cyauiiles,  whea 
laaliirl  wktk  dilute  acids,  give  off  their  cyanogen  as  hydnicyanic  acid. 

CyaiiidkS  have  a  strong  tendency  to  unite  with  one  another,  forming 
4«abl»  cyanides.  The  moat  important  of  these  are  the  double  cyau- 
Um  ot  iron  and  potassium,  uaiucly ,  puliuniu^'erroui  cyanide,  Fc"K,(l.'N)„ 
mmauxaiy  called  yellow  prussiule  of  potash  ;  and  poiaxsio-Jerric  ci/aitiUc, 
F«"'K,'^'  '^' '  •'Miiiuonly  called  r<-d  prusniate  of  jiotash.  Both  these  ai«  ^_ 
Mlaadi  dline  salts,   which  dissolve  easily   in  water,   and  form     ^| 

li(|ikl;  L~tic  precipitates  with  many  metallic  salts.     These  salts,     ^| 

VOk  Uk  ullier  cyanides,  will  be  more  fully  described  under  "  Urgunio 
CWaiatry  i"  but  they  are  mentioned  hcri!,  on  aooouul  of  their  fret|uuut 
■M  in  t^  qualitative  analysis  uf  metalitc  solutions. 


Oxides. — \\\  metals  combine  with  oxygen,  and  most  of  them  in 
trT-rtl  pniportiims.  in  almost  all  cases  oxides  are  formed  oorrespiinding 
io  ourap<«itirin  with  the  chlorides,  one  atom  of  oxygen  taking  the  place  of 
two  at'iiu^  of  chlorine.  Many  metals  also  form  oxides  to  which  no  chlorine 
ui^i.'ii.^  are  known;  thus  lead,  which  fonns  only  one  chloride,  Pbl'l,, 
(  idition  lo  the  monoxide,  Pbl),  a  dioxi<le,  PbO„  besides  oxides 

I'  ii.ite  composition:  osmium  also,  the  highest  chloride  of  which 

u  <M  I,,  rurms,  in  aiblltion  to  the  dioxide,  a  trioxide  and  a  tetroxide. 
Till*   »ri«>~«  from  the  Cact  that  any  nnmber  of  atoms  of  oxygen  or  other 

'it  roav  enter  into  a  compound  without  disturbing  the  balouoa 

:,.v  (p.  237). 

Morides  are  derired  by  anbotitntioTi  from  hrdrochlorio  acid, 

I,  so  likewise  may  oxides  be  derived  from  one  or  more  molo- 

ruir-,  .„  -ai.r,  H,0  ;   bnt  as  the  molwnlo  of  water  contains  two  hydrogen- 

ataow,  the  replacement  of  the  hydrojen  may,  a.s  already  explained   (p. 

TSK\.  be  either  total  or  partial,  the  prodnct  in   the  first  ca^e  being  an  .%n- 

in  metallic  oxide,  and  in  tho  aecond  a  hydrated  oxide  or  hydroxide, 

I  i>h   the  oxygen  is  as.iociated  l<oth  with   hydrogen  and  with  metal; 

b.  thi*  tnanniT  the  following  hydroxides  and  aiihydrons  oxides  may  bo 

nmntitnled  : — 

Tj-[w.  Hyilroxtdea.  Oxides. 

H,<)         ....     KHO         ....  K.O 

na"() 

Jl.o,       ....     Ba"H.O,-        •        •        •  Sn"0, 

Bi"'HO, 

H.O,        ....     As'HO,    ....  Sb"',0, 

Sn"ll,0,  .         .         .  W'H), 

n.o zr"ir,o, 


I 

I 

I 
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It  miiy  be  obRerveii  that  the  hydroxides  of  artioil  luutitla  contain  ' 
elements  of  a  molM'ule  of  the  corruii]>onding  auhydroiis  oxide,  and  of  o^ 
or  more  molei'ulcs  of  water,  and  may  therefore  also  be  regarded  as 
drat«8  :   thus — 


Barium  hydroxide  or  hydrate 
Stannic  "  " 

Ziruouium      "  " 


.  Ba"H,l>,  =  B»"O.H,0 
.  Bn'MljU.  =  Sui'0..1l,<> 
.     Zr"H,t>.  =Zii'o'2lljO. 

But  Die  l\ydroxi(Iu  of  a  perissad  nii-tal  contains  in  its  molecule  only  lia 
the  number  of  atouus  required  to  uulcu  up  tt  molecule  of  oxide   logelh(j 
with  a  molecule  of  water  ;  thua — 


Potasiiium  hydroxide 
Bismuth  hydroxide 
Arsenic  hydroxide 


L 


.     KUn        =  ^  (t/).H,0) 
.     Hi"'110,  =  J  (lli"',u,.ll,0) 
.     As'llO,    =  J  (A8',0,.UjO;  . 

These  perissad  hydroxidea  rannot,  tlierefore,  be  correclly  regarded  as 
drat<»,  that  in,  as  impounds  of  anhydrous  oxide  and  water. 

Many  metallic  oxides  occur  as  natural  minernU,  and  gome,  especia 
those  of  iron,  tin,  and  oopi>er,  in  large  quautitien,  forming  ores  from  whiq 
the  metals  are  extracted. 

All  metals,  except  gold,  platinum,  iridium,  rhodium,  and  rulheniui 
are  capable  of  uniting;  directly  with  oxygen.  Borne,  as  {wtassium,  sodium, 
and  barium,  oxidize  rapidly  on  exposure  to  the  air  at  ordinary  temjicra- 
tures,  and  di'compose  water  with  energy.  Most  metals,  however,  when  , 
the  massive  iitute,  remain  perfectly  bright  and  unacted  on  in  dry  a 
oxygen  gas,  but  oxidize  slowly  when  moisture  is  present ;  such  is  the 
with  iron,  lino,  and  lead.  Some  of  the  ordinarily  permanent  metals,  when 
in  a  very  finely  divided  state,  as  lead  when  obtained  by  ignition  of  its  tar- 
trate, and  iron  reduced  from  its  oxide  by  ignitiuu  in  hydrogen  gas, 
(Ire  and  oxiilizo  spontaneously  as  soon  as  they  come  in  contact  with  tb 
air.  Lead,  iron,  copper,  and  the  volatile  metals,  arsenic,  antimony,  zinq 
cadmium,  and  raeronry,  are  converted  into  oxides  when  hfiilt-d  in  air 
oxygen.  Many  metals,  especially  at  a  reil  beat,  are  readily  oxidized 
water  or  steam.  A  vi-ry  general  method  of  prei»aring  metallic  oxides  is  i 
sulijeot  the  twrresponding  hyilioxides,  carljoimtes,  nitrates,  sulpliates,  i 
anr  oxygen-salts  containing  volatile  acids,  to  the  action  of  heat. 

Oxides  are  for  the  most  part  opacjue  earthy  bodies,  destitute  of  metallij 
luJtre.     The  majority  of  them  are  fusible  ;   those  of  lead  and  bisointh  at  i 
low  rod  he»t ;  those  of  copper  and  iron  at  a  white  heat ;  those  of  bariun 
and  aluminium  before  the  oxy-hydrogen    blow-pipe  ;  while  calcium  oxid. 
or  lime  (bies  not  fuse   at  any  temperature   to  which   it  h.is  vet  been  sulu_ 
ject.-d.     Oxides  are.  for  the  most  part,  ranch  leas  fusible  tliaii  the  uncoiiw' 
bined  metals.     Osmium  tetroxide,  and  the  trioxidca  of  arsenic  and  anti- 
mony, are  readily  volatile, 

A  greater  or  lesser  degree  of  heat  effects  the  decomposition  of  many  me- 
tallic oxid.«.  Those  of  gold,  platinum,  silver,  and  mercury  are  reduced 
to  the  metallic  or  regulino  state  bv  an  incipient  red  heat.  At  a  Romewbal 
higher  temperature,  the  higher  oxides  of  barium,  cobalt,  nickel,  and  \riu\ 
are  reduced  to  the  state  of  iiionoxiiles  ;  while  the  trimetallic  fetroxides  of  ^ 
manganese  and  iron,  MujO,  .and  Fe,0„  are  produced  by  eximsing  manga, 
nose  dioxiile,  MnO„  and  inm  Bi>sqnioxide,  Fe,0„  respectively  to  a  still 
stronger  heat.  By  gentle  ignition,  arsenic  pentoxide  is  reduced  to  th« 
state  of  trioxide,  and  chromium  trioxide  to  sesquioxide. 

The  superior  oxides  of  the  metals  are  easily  reduced  to  a  lower  state  of 
oxidation   by  treatment  with  a  current  of  hifkrofien  ifnn  at  a  more  or  le 
clevftl.-d  temperature.     At  a  higher  dr';;ree  of  heat,  hydroijen  gas  will  trans 
/orm  tn  the  rognUnc  .state  all  melallic  oxides  except  the  sesqnioxides  rtfJ 
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ilimiBiam  and  rbromiam,  and  the  monoxides  of  mangBnose,  magnesiiiiu, 
lartvu.  '        Ti.  lithium,  ioditiiu,  anil  potiiSHiuni.     The  tt-iii- 

po»l>-  :•■  hyUriigen  l<i  •■Ut'il  liiu  ilv<.'<>iiijxi»itiou  of  Bunie 

•   .•■■*.     Thu»  uietallic  iryii  may  lit-  reduced  from  its 
.-  at  a  heat  oouaiderably  Ik'Iow  redness.      Varlion,  ul 
traivr  .   ^  a  still  more  i>owerfnl  deoxidaliug  ajjcnt  than  hydri>- 

IPVB,  mod  ftvetns  to  be  ea^blu  of  completely  reducing  all  melalliu  oxidua 
vhatooerer.      The  oxidizable  uielaU  in  general  act  ad  reducing  ageute. 

OUortrw  ileoaiuptise8  all  metallic  oxideti,  except  those  of  the  earth-metals, 
— iillimt  ttieiu.  into  cliluridia,  and  expelling  the  oxygen.  With  silver 
wito  Ikia  natction  lakes  place  at  ordinary  t<?ni|H>ralurei> ;  with  the  alkalies 
hI  th*  alkAUue  earthn,  at  a  full  re<l  heat.  .SiJjiliur,  at  high  temperature*, 
■■  rlnnmnini  II  most  metulliu  oxides;  with  many  oxides — those  of  silver, 
ry,  load,  and  copper,  for  imitance— metallic  sulphides  anil  sulphur 
are  |iroduce<l ;  with  the  highly  hasylous  oxides,  the  prwluctii  are 
■(talUe  tulphaltf  and  sulphide.  There  are  some  oxiditi  n]>iiu  which  sul- 
ytmt  fxnta  no  action.  Uf  these  the  principal  ore  magnesia,  alumina,  chro- 
.  and  titanic  oxides,  iiy  boiling  sulphur  with  soluble  hydrox- 
r  s  of  polysulphide  and  thiusiilphate  are  produced.  With  the 
•1  -,.i:.i  ••!  rnagm-sia,  alumina,  and  chnunio  oxide,  most  metallic  oxides 
ran  ilv>>rl>  aulphurett<id  hydrogen,  to  form  metallic  sulphide  or  hydrosul- 
{duile  xu  I  water. 

Oxygen-salta  or  Oxyaalta. — It  has  been  already  explained  in 
t^  (hajttvr-  oil  Uxygen  (p.  Hit)  that  oxides  may  ho  divided  into  three 
•taiBMB,  •»>/,  nrulral,  and  iMuic;  the  lirbt  and  third  being  capable  of  uniting 
vitii  on^   another  in   ilelinite  propiirtioiui,  and  forming  compounds  called 

•  alt*.  Tile  ■iii'St  characteristic  of  the  acid  oxides  are  those  of  certain 
r-.,'-"     !  iiriigcii,   sulphur,   and   phos|iliorus,   which  unite  readily 

•  <'ieiueiila  of  water,  forming  coiu]>uuuds  called  oxygen- 
i  „  <iii<d  by  hiiiir  taste,  solubility  in  water,  and  the  power  of 
t  rtain  vegetable  blue  colors.  The  most  characteristic  of  the 
%.-■  nn  the  other  haml,  are  those  of  the  alkali-metuls  and  iilka- 

-  (p.  'i73),  which  likewise  dissolve  in  water,  but  form 
.  possessing  in  an  eminent  degree  the  jiower  of  ntiitraliz- 
t*f  aciiis  .>ii>i  I'Tiuing  salts  with  them.  The  same  power  is  exhibiteil  more 
•r  irys  i>r  the  moniixiiles  of  most  other  metals,  as  zinc,  iron,  cojiper  man- 
{utoj.-  ..>.  -,,,.1  \,y  111,.  seS()uioxides  of  uluminium,  iron,  chromium,  and 
•ctiKr*.  lier  oxides  of  several   of  these  metals — the  trioxides  of 

riro:&i  ■..impli>^!Xhibit  acid  characters,  lieing  capable  of  forming 

Ul  tlie  liiiirc  b.isie  oxides  ;  and  some  metals,  as  arseuiu,  antimony, 
'I.  and  tantalum,  form  only  acid  oxides. 

isos  suits  are  formeil  by  the  direct  combination  of  an  acid  and 
.  Thus,  when  vajKir  of  sulphuric  oxide,  SO,,  is  passed  over 
rr^nn  inrium  oxide,  Ua(J,  the  two  combine  together,  and  form  barium 
Mlsltate,  UaO.ciO,  or  Ua^O^.  Silicic  oxide,  riit),,  phosphoric  oxide,  i',Ot> 
hale  oxide,  tl,<->„  and  other  acid  oxidi^  capable  of  withstanding  a  high 
iMBparature  without  decomposing  or  volatilising,  likewise  unite  with  basic 
wiilai  when  heateil  with  them,  and  form  salt^. 

Bat  iu  the  majority  of  cases  metallic  salts  are  formed  by  substitution,  or 
iBPrrhaiive  of  metal  for  hydrogen,  or  of  one  metal  for  another.  It  is  clear, 
;;.  •  any  metaUie  salt  (iinc  sulphate,  ZnO.SO,,  for  example)  may 
.1111  the  ivjrresponding  acid  or  hydrogen  salt  (ll,l>.S<ij)  by  sub- 
Miiitii  •.!  for  an  equivalent  quanlily  of  hydrogen.     Accordingly, 

|i,  frequently  prixliiced  by  the  action  of  an  acid  on  a  metal 

t  11.  ., »..!.:  or  hydroxide,  thus — 
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0) 


(2) 


(3) 


In  the  inBtano'4  ropresenu-d  by  tlicse  equations,  tln>  melsllic  salts  foi 
KTv  Holulilt-  in  water.     Insoluble  Halts  ate  CrtMjucntly  preparuU  by   inli 
change  of  the  mutalfl  bctwt-en  two  huIuUk  Kaltd  ;  tiiua — 


iVso, 

Hyilrogi-a 
Rulphnte. 

+ 

Zu 

' — 

ZnSO. 
Zinc 

«Ul|>l>llt«. 

+ 

H. 

2HNO, 
Uydnigca 
Ditrate. 

+ 

Ag,0 

Siltrr 

^z 

2.\sNO. 
silver 
ultrnlc. 

+ 

11,0. 
W.ler. 

UNO, 

UydruRfn 
uitrslf. 

+ 

KIIO 

PuUdittum 
hydroxide. 

= 

KNO, 

uilrale. 

+ 

lljO. 
W.tcr. 

(4) 


Ba(NO,), 
Bflrium 
nitrnte. 


+  Na,SO. 
Sodium 
•ulpbate. 


HnrUim 
•ulphnte. 


+     2NaN0,. 

Soillum 
oitrntc 


In  this  rase  the  barium  sulphate,  being  insoluble,  is  precipitatud,  wl 
the  8<nliuiu  nitrate  remains  in  solution. 

In  all  these  reaetious,  hydrnuhloric  acid  or  a  metallic  chloride  might  I 
■utjstitutcd  fur  the  uxygen-aoid  or  oxygen-salt,  without  the  slightt^t  alt 
ation  in  the  mode  of  aution,  the  product  forwcxl  in  each  case  being  a.  i 
rido  instead  of  a  nitrate  or  sulphate ;  thus — 


(1)' 

2HC1 

+ 

Zn 

=       ZnCl, 

+ 

H. 

(2)' 

2II(.-| 

+ 

As.O 

=  -u^ci 

+ 

H,0 

(3)' 

liCl 

+ 

KHO 

—       KCl 

+ 

11,0 

(4) 

Ag.XO, 

+ 

NaCl 

=      AgCl 

+ 

NaNO,. 

'M 


From  all  these  oousiderationa  it  appears  that  ux.vgen-salts  may  be  t«- 
garded,  either  as  eoupounds  of  acid  oxides  with  basic  oxides,  or  as  miutlo- 
gous  in  uumpotiition  to  chlorides, — that  is  to  say,  as  comjiouuds  of  a  motal 
with  a  rmlicle  or  group  of  elements,  such  as  No,  (ni(ru»ie)  in  the  nitrate*, 
ijU,  (mifiliione),  in  the  sulphates,  discharging  functions  similar  to  those  of 
chlorine,  and  capable,  like  that  element,  of  passing  unchanged  from  one 
coai]»ouiid  to  another. 

Vut  many  years,  indeed,  it  was  a  subject  of  discussion  among  chemists, 
whether  the  former  or  the  latu-r  of  these  views  should  Iw  regarded  as  re- 
presenting the  iirtual  constitution  of  oxygen-salts.  Berielius  ilivide<l  sal 
into  two  classes  :  1.  Haloid  salts,  comprising,  as  alremly  mention 
the  chlorides,  bromides,  iodides,  and  fluorides,  which  are  compounds  of 
metal  with  a  monad  metallic  element.  2.  Amphid  salts,  consisting 
of  nil  acid  or  electro-negative  oxide,  sulphide,  selenide,  or  telluride,  wiili 
a  ba^ic  or  eleetro-iKwitivc  compound  of  the  same  kind  ;  such  as  potassium 
arsenate,  SKjO.ASjOj ;  potassium  sulpharsenat<>,  SKjS.-^SjS, ;  iHilossiiuu 
seleuiophosphate,  2K,S«'.  l',Sej,  etc. 

Uavy,  on  tin  other  hand,  oliserving  the  close  analogy  between  the  re- 
actions of  chlorides,  on  the  one  hand,  and  of  oxygen  salts,  such  as  sul- 
phates, nitrates,  etc.,  on  the  other,  suggested  that  the  latter  might  be  rafl 
garded,  like  the  former,  as  compounds  of  raetals  with  acid  electro-negati«^| 
radicles,  the  only  dilTiTenee  being,  that  in  the  former  the  aoiii  radicle  is 
an  elementary  body,  CI,  Br,  etc.,  whereas  in  the  latter  it  is  a  compound, 
as  SO,,  NO,,  PO,,  etc.  This  was  calb><l  the  fcimiry  llirnrti  of  salt*;  it  was 
supported  by  many  ingenious  arguments  by  il_s  pro|Mi»er  and  several  con- 
temporary chemims  ;  in  later  years  also  by  Lieliig,  and  by  Paniell 
Miller,  who  oliserved  thai  the  iiiikI«  of  decomposition  of  salts  by  the  el 
trie  current  is  more  easily  represented  by  tliis  theory  than  by  the  old( 
one  (p.  °J(iii). 
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At  the  prrsent  dsv,  the  relative  miTits  of  these  two  theories  are  not  re- 
(UtM  a*  »  point  of  very  great  impurtnnoe.  Chemi&td,  in  fact,  no  longer 
Utempt  In  construct  rurnmlx  niiivli  siinll  represent  the  nctual  nrrungo- 
■>al  a(  atoni«  In  a  uuinpouml,  the  formuls  u«v  in  use  being  rutlicr  in- 
kaiwl  to  exhilnt,  first,  the  halnnce  or  neutralization  of  the  unit:*  of 
•■iBiv%lrn<-5  <ir  atoiuieity  of  the  nevtrral  eli-mrnts  eontained  in  a  iKjuifKiund 
(^  233}  :  aii<l,  Bi^oinlly,  the  manner  in  whieli  any  eoru]M>nn<l  or  (jroup  of 
Hoot*  •plil;^  up  into  snlxirillnalf  grouiw  under  tlie  inlluenee  of  different 
Noigvatd.  Aocurilin;^  to  the  latter  view,  a  eom|Hi(ind  containing  three  or 
mm  rletnentAry  atoinii  may  be  represented  by  dilferent  rormulic  viirre- 
♦f^idinj;  «ith  the  several  waysi  in  wliich  it  deiDrnposeH.  Thus  hydrogen 
lulphilo  or  sulphuric  acid,  lljSOj,  may  be  represented  by  either  of  the 
L:  '  "   ™wil»  ; — 

irliich  represents  the  separation  of  hydrogen  and  formation 
r^  sulphate,  by  the  action  of  zinc,  etc. ;  thin  is  the  formula  eor- 

r  >  ith  tbi'  binary  theory  of  salts. 

-  -  .  .' '•  This  formula  represents  the  fonuation  of  the  aotd  by  direct 
kydrxtiou  of  sulphnrie  o.xidc  ;  the  seporation  of  water  and  formation  of  a 
■rt&llic  sulphate  by  the  action  of  magnenia  and  olher  anhydrous  oxides  ; 
lad  thff  separation  of  snli>huric  oxide  and  formation  of  phosphoric  acid  by 
ik»  aetiuit  of  phosphoric  oxide  : — 

80,.H,<)  +  M»0  =  SOj.MgO  +   H,0 
S<Jj.H,0  4-  PjOj  =  PjOj.lljO  4-  St'j  . 

3.   Sflj-OjII,,  or  S<l.(OH)j.     This  formula  n^presents  such  reactions  aa 

lh«  .■i.i..,i,,.ti.,n  of  hvilrrigen  dioxide  by  the  action  of  burium  dioxide,  BaO,. 

This  fommla  represents  thr  fonnntion  of  sulphuric  acid  by 

.1  rion  of  hydrogen  sulphide,  SHj,  and  the  elimination  of  the 

Ultu  by  liie  action  of  ferrous  sulphide  : — 

SHj.O,  -f  FeS  =  KeSO,  +  SU,  . 

lArmBnl*  of  the  third  of  these  types,  like  SO,(OH)„  which  represent 

ft> .  1^   as  eomiMiunds  of  hydroxyl   with  certain  acid   radicles,   as 

t"  "ryl),  CO"   (cjirlKmyl),    H)'"  (jdiosphoryl),  etc.,  correspond 

:    --iriety  of  reactions,  and  are  of  very  frequent   use.     They 
iilar  the  relation  of  the  oxygen-acids  (hydroxylntes)  to 

,^:.,,  j'  1.  i-a^  chlorides,  e.i/. ; — 
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CSO,)(OH), 
Sul|>nurlo  neld. 

(PO)(()ll), 
PhOfiihorIc  »clil. 


(Po,,>n, 

Sulphuric  cliluride. 

{I'OjCl, 
Phosphoric  chloride. 


Baiiaty  of  Aritix. — Sormal,  AfitI  and  DouUt  Silta. — Acids  are  monobasic, 
Hlttjilc,  tribasic,  i-tc,  according  as  they  contain  one  <ir  more  nlonis  of  hy- 
ilnii-rn  r.'placenble  by  mt'tuls  ;  thus  nitri<^  acid,  IIXO,,  and  hydrochlorio 
.         r  -■  '  isjc;  sulphuric  aoid,  UjSO,,  is  bibasie ;  phosphoric 

a  ■  ■ 

.  ,  III  but  one  class  of  salts  by  sulistitution,  the  metal 
Ukini:  "'  the  hyilrogen  in  one,  two,  <>t  thn-e  niolecuU's  of  the 

grid, '^,,  ;..  its  <-qniValrnl  valne  or  atomicity;  thus  the  action  of 

hydrotliluriL-  atid  ou  sodium,  sine,  and  aluminium  is  represented  by  the 
«^«iationis : — 

Hn  J.  Na  ^  Nan  -f  tl 
2IU1  4-  Z»  =  ZnCl,  +  II, 
3HCI  -f  .\1   =  .M<1,  +   "i. 
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tuid  that  of  nitrio  aoid  on  the  hydroxides  of  the  same  metala  by  the  eqv 

tious : — 

HNO,  4-  N«(HO)  :=  N»NO,  +  n(IIO) 
2HN0,  -I-  Ba(llO),  =  Ua(NO,),  +  2H(U0) 
3UJJ0,  4-  AKIK^Oj   =  Al(NO,),  +  311(110). 

Bihosic  acids,  "n  the  other  iiand,  funn  two  clossi-s  of  salts,  viz., 
or  aci'l  salts,  in  wliivli   hnlf  the  hydrofoil   ia  rcplacini   hy  a  nn-tal  ; 
imiiulary  Mills,  in  wliioh  the  whole  of  tho  hydroj-on  is  thu»  ropluiiMl, 
salt  bein);  called  normnl  or  umInU,  if  it  uoutaina  one  metal,  and  double  if  j 
ooutaiuH  two  metals  ;  thuii : — 


From  H^Oj  is  derived  KHSO, 


2HVSO4 
311^, 


BaSO, 
NaK/SO.), 
KA1(S<»,), 
Al,(SO,), 


{hydro-potnsHic  sulphate,  primary,  | 
acid  potiussiuiu  sulphate, 
(  bipolassic    sulphate,    secondary, 
\     normal  sulphate, 
barium  sulphate, 
8o<lio-tri]K>taMsic  sulphate, 
p<jtiu<siu-aluuiinic  sulphate, 
normal  aluminium  sulphate. 


as,  la 
iiaddH 

rca<^^ 


Tribasio  aeids  in  like  manner  form  two  classes  of  acid  salts,  jtrimarg  or 
teeoiuliiri),  aocfirding  as  one-third  or  two-thir<ts  of  the  hydrogen  ia  rcplao«i 
by  a  melal;  also  ttrliury  milt,  including  normal  and  Jouhle  or  Irijilii  tails,  ia 
which  the  hydrogen  is  wholly  replaced  by  one  or  more  metals;  in  qua  '  ' 
basic  acids  the  variety  is  of  course  still  greater. 

The  use  of  the  terminations  out  and  I'c,  a.s  applied  to  salts,  has  alrca 
hcen  Hxplainwl,  We  have  only  further  to  ol>servo  in  this  place  that  when 
a  metal  forms  but  one  class  uf  salts,  it  is  for  the  most  part  better  to  desig- 
nate those  salts  by  the  name  of  the  metal  itself  than  by  an  adjis:tive  end- 
ing in  i'c;  thus  potassium  nilratr,  and  leiiii  sulphate,  are  mostly  to  lie  preferrc»l 
io potojuie  nitrate  and  plumbic  sulphalr.  Rut  in  naming  double  salts,  and  in 
many  oaaes  where  a  numeral  preflx  is  required,  the  names  ending  in  ic 
are  more  euphonious  ;  thus  triplumliie  [Jtosphate.  sounds  better  than  trilnui 
pliosjtlmle,  and  htfttriHlisoiiic  phos/Juttt  is  certainly  better  than  hyilruijvn  and 
disoilium  pitospliale ;  but  there  ia  no  occasion  for  a  rigid  adherence  to  eith 
aystem. 

All  oxygen-salts  may  also  be  represented  as  componnda  of  an  acid  oxid 
witli  one  or  more  molecules  of  the  same  or  different  hasio  oxides,  including 
water,  e.  g. : 

Hydro-potassio  sulphate,       2nK(S0,)        =  n,O.K,0.290j 
Bodio-tripotassiu  sulphate,     2NttKj(t5l),),  =s  NH/).:5K,0.4t>0, 
Potossio-alumiiiio  sulphate,  2K.\l(,S0,).j     =  K/).Al,<ij.4SO, 
Hydrodisodic  phosphate,         2ilN'a,(l'U,)  =  U,0.2.\a,0.1',0j. 

Wlien  a  normal  oxygon-«alt  is  thus  formulated,  it  ia  easy  to  see  that  tlio 
number  of  molecules  of  aci<l  oxide  containe<l  iu  its  molecule  is  equal  to 
number  of  oxygen-atoms  in  the  base  ;  thus  : 

Normal  potassium  sulphate,    KjPO,         =  K..O.SO, 
"       barium  sulphate,         ItaSO,         =i  HiiO.SU, 
"       Btflimio  sulphate,         Sn(SO,),    =  t;n(J,.2ijO, 
"      aluminium  sulphate,  A1,(SU,),  ^  Al|U,.3i>U,. 

When  the  proportion  of  acid  oxide  is  less  than  this,  the  salt  is  called 
basic  ;   such  saltx  may  be  regurdtxi  as  compounds  of  a  normal  salt  with 
one  or  more  molecules  of  basic  oxide.oraaderiviyl  from  normal  snIU  by  suti 
atituUon  of  ox/geu  for  an  i-quivalent  quantity  of  the  acid  radicle  ;  thus  i 


and 
th^_ 

xiiH 

I 

ilio 
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r  UmuI  niinte,     3PbO.N,Oj 


Pb(NO,),.2PbO 
3Al,0,.Alg(S0,), 
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Pb,(NO,),0, 
A1,(S0,),0,. 


I 


Till-  l>»t  looile  of  fomiulittioD  exliibiU  the  analogy  of  thrae  basic  ox,v- 
itu  to  ll>«<  t>xjroUlorid<-s,  oxy  ioiiidt*,  ftc.  ;    thurt  the   Iwuiic   Iviui  iiitral'o, 
,  )nst  mcniioni-d,  U  analu);ou8  to  Uie  oxjrcbloride  of  that  metal, 
rtiicU  occurs  native  ad  laendipite. 

I  and  ai'id  are  Boiui'tiiaes  applied  to  »alts  with  refprpuce 
Vft;<;tabk'  colors.  Tliv  nnriiial  salts  foriui-d  by  tht-  union 
_  cids  with  the  alkalirs  and  alkaliim  earths,  such  a."  potas- 
laulphalp.  K^O„  barium  nitrate,  l>a(NOj),,  ett^,  are  perfectly  neutral 
l»n^;«CaMe  c<jlor«,  but  ni<)«t  other  normal  salts  exhibit  either  an  aciil  or 
IB  alkaline  reaction  ;  thus  ferrous  sulphate,  copric  snlphate,  Bilver  nitrate, 
ad  many  others,  redden  litmuii,  while  the  normal  earlxuiates  and  pho»- 
pkatca  of  the  alkali-metolg  exhibit  a  derided  alkaline  remtion.  It  is  clear, 
tkfn.  that  the  action  of  a  »alt  on  vegetable  colors  bears  no  definite  relation 
toita  cooBpoaition  :  henc«-  the  term  nonnal,  as  applied  to  siillst  in  which  the 
kMie  l^dmgeD  of  the  acid  is  wholly  replaced,  is  preferable  to  miilrnl,  an<i 
I  batie  and  acid,  as  applied  to  &alts,  are  best  use<l  in  the  manner 
*e  explained  with  reference  to  their  iximposition. 

I  a  M'iriii.il  silt  containing  a  monoxiiie  posses  by  oxidation  to  a  salt 
■aUlliin);  lie,  dioxide,  or  trioxide,  the  ijuontity  of  acid  present 

kM  lonpT  to  R»turntr  the  ba.se.     Thus,  when  a  solution  of  fer- 

iwusalnk^i'  "'  Ki-O.Sdj  (cimimon  green  vitriol j,  is  expo8e<l  to  the 

(ir,  to  amo:  anci  nn  insoluble  ferric  salt  is  prcKluced  containing 

Mamas  oi   tia:r>-.  n  rule  normal  ferric  sulphato  remains  in  solution  : 


4(FeO.Sf),)     + 
Ferrous  sulpbatc. 


0, 


Fe,<>,.3S0, 

Norianl  ferno 

iUlptiAie. 


+ 


re,n,.Ho,. 

Babic  ferno 
suljfhate. 


Xa,0.(SO.),  =  Na,(Sn,)SO, 


^l  potash), 


K,0.(CrO,),  =  K,(t'rO,).CrO,. 


[jrdrneblorio 

.  nn 

ydrftbr*imic           . 

.     HUr 

Tdrit"iio 

.     Ill 

yilroduoric 

.     IIP 

tlmcu 

.     UNO, 

itri.-                       ,               , 

.     UNO, 

irons    . 

.     II.SIIO 

.    iKrii.o,) 

i.liorous 

Ht«|>hu«plioric 

.     Ul'O, 

Boric 

.    II  BO, 

Antiniiiniu 

.      IISIKI, 

Hypochlorous 

.    lino 

Chlorous 

.    iicm, 

rhiorie  . 

.      IICIO, 

I'ercblorio 

.      IIClO, 

Rnmiic  .          . 

.      Illtro, 

Iodic 

.     lllo, 

Periodio 

.      1110, 

I 


T%M*  basic  stslls  are  very  often  insoluble  in  water. 

Salt*  oontaining  n  pro{iortion  of  acid  oxide  larger  than  is  sufficient  to 
knn  a  Deutml  coni[>ound  nrecnlldl  anhydro-sal  ts  (sometiini'S,  though 
iB]iroi>erl r .  acid  suit?.)  :  they  may  evidently  bo  regarded  cs  coni])OuudK  of 
^anonaal  salt  with  excess  of  acid  oxide  ;  e.  if. : 

Sodium  anhydrosnlphato^ 

"  ■     '    ■    ■      f  stxla), 

iriH'hromate 


The  following  is  a  list  of  the  most  important  inorganic  acids  arranged 
•Kacding  to  their  boaicity  : — 

Himdbanc  AriiU. 


•  so-cnllcil  *'  nr)hy<1roiuIph^t«*»*'  are  now  regnrdcd  assail*  of  n  illalluct  acid, 
ll|iliurU  add,  H.S,0,  (|>.  Wi. 
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and  load  pyrophosphate  deoomposed  by  hydrogen  sulphide  yields  hydr 
gen  pyrophospliaUi  or  pyrophosphorio  acid  : — 

Pb,P,0,  +  211^  =  2PbS  +   H,P,0,. 

Pyropho«phoric  acid  is  distinguished  from  metaphosphoric  acid  by  od 
coagulating  allnimin  ami  not  prM^ipitnling  niMitral  Kulutions  of  barium 
silver  salta,  and  from  omKiplioapbdric  acid  by  prtMiucing  a  white,  inste 
of  a  yellow,  pri'cipitato  with  silver  nitrate. 

Pyrophi«phat«-s  are  easily  converted  into  metaphospbatcs  and  orthophfl 
phattiis,  and  rice  cersd,  by  adiUtion  or  abstraction  of  water  or  a  metalllj 
base. 

a.  The  production  of  a  pj^rophosphatv  from  an  orthophosphate  by  lo 
of  water  has  been  already  nientiuned. — B.  Conversely,  when  a  pyropho 
pliate  is   healed   with  water  or   a   bate,  it   becomes    an  orthopUosphati 

Nn.P,0,  +     H,0     =  2Na,npO. 
Na,P,0,  4-  2NaU0  =  2Ua,P0,  +   n,0. 

In  like  manner,  orlli<>i>lii>sphiiriu  aeii)  beated  lo  21.''iO  js  almost  entirely  oo] 
vcrteil  intdpyrojiltiMpbtirio  iieid  :  2(ljl'i)j — llj()^H,lY'i;  ""d  conversely, 
when  pyriijih<wjiliiiriejLei*l  is  boiled  with  water,  it  is  Iriuisformed  into  orlho' 
phosplioriu  aeiil 
y.  Pyropbosplioric  acid  heated  Ui  dnil  rednnss  is  converted  into  inci 


phosphoric  acid  : 


'»»,— U,0  =  21IP(>,.     Tlie  convf-rpe  reaction  ism 


no^* 


easily  ulb-cted,  inasininh  aj^  metnplmsphorip  acid  by  absorbing  water  gene- 
rally passes  direitly  to  the  8tat<'  of  ortbiiptiosphoric  acid.     Peligol,  how 
over,  observed  the  finnialinn  of  pyropbiiS|>li()ric  from  metaphosphoric  aef 

by  very  slow  absnrptioii  <if  water t.  When  a  raelallic  nielaphosphat« 

treattil  with  a  jirnper  proiKirtioii  of  a  hydroxide,  oxide,  or  carliouate,  it 
couverted  into  u  pyriipliosphate  ;  thus: — 


2NaPO,       + 
Metaiiliuipliate. 


Na,CO,      =       Na.PjO,       +       CO,. 
Carboaatc.        Pyroiilioapbate.    Carbon  dioxide. 


1 


Flcitmnnn  and  HennebiTg,  by  fusing  together  a  moleoulc  of  sodium 
pyroplnwpbnte,  NajPOi-Nal^O,,  'with  two  molecules  of  uielaphosphate, 
NaPOj,  nbtaini'd  a  salt  having  the  com|K«ition,  Na.PO,.3NaPO,=  Na,P,0,„ 
which  is  soluble  without  decomposition  in  a  small  quantity  of  hot  water, 
and  ervHlnllizes  from  its  solution  by  evajwration  over  oil  of  vitriol.  An 
excess  of  hot  water  deromposes  it,  but  its  cold  aqueous  solution  is  mode- 
rately permanent.  Insoluble  phosphates  of  similar  composition  may  Iw 
obtain(Ml  from  the  so<iinui-saU  by  double  decomiKisition.  Kleitniann  and 
Henneberc  obtained  nnolher  crvstnllizablo  bnt  very  insoluble  salt,  haviii 
the  composition,  Nn,P<),.!<NaP()j  =  Na.jP.oO,,,  by  fusing  together  one  mot^ 
cole  of  sn<lium  jiyrojibosphate  with  eight  molecules  of  the  metapbosphBt| 
and  insoluble  phosphates  of  similar  constitution  were  obtained  from  it  ' 
double  decomposition. 

'  The  comparative  composition  of  these  different  phosphates  is  best  show 
by  representing  them  as  compounds  of  phosphoric  oxide  with  metallt 
oxide,  and  assigning  to  them  all  the  quantity  of  base  contained  in  ir 
most  complex  member  of  the  series  ;  thus — 


Orthophosphate  ...... 

Pyrophosphate 

Pleitnianii  and  Hennebcrg's  phosphate  (n) 
"                     "           (6) 
HetapboepliMo 


6Na,0.2P,nj  =  4N8,PO, 
CNa,0..3P,Oj  =  3Na,P,0,  i 
6Na/».4P,05  =  2Na,P.t'« 

6NB,n..';p/)j  =  N«,.,P,„<:v 
6Na,0.6P,Oj  =  l2Nttl'0,' 


BULPUIDE8. 

lf«talUo  Solphlde*. — Tliose  compounds  correspond,  for  the  moat  part, 

■     ■        fill  th>'  oxiil'-n  :  thu!>,  there  are  two  Hulphidi^  of  arsenic, 

irresjwiuliuj;  with  tlie  oxides,  A»/),  ami  Aa.O,  ;  also,  two 

•  ury,  Hg^  and  HfrS,  analogoud  to  tin.- oxiJi's,  Hg^U  and 

Iv,  however,  we  meet  with  oxides  to  which  there  are  no 

i.piliide*  (manganese  dioxide,  for  example),  and  nuire  fre- 

.jo.iiiiv  Bul^UiUut   to  which   tliere  are  no  corresponding  oxides,  the  most 

T-:nirka.l>l«  of    which   are,  perhajM,  the  alkaline   iwl^'eulphidt^.     Potos- 

■.  iinple,  forms  the  heriea  of  sulphides,  KjS,  K,S,,  KjSj,  K,S„  and 

k  rd  and  fiftli  of  whii'li  liave  no  analogueji  in  the  oxygen  serie*. 

11...-  .14.'  also  hydrofulpliides  analogous  to  the  hydroxidi-s,  and  eon- 
toiiiiii;  the  <l<'iuenls  of  a  m.?tallio  Nulpliide  and  h.vilrogim  gnjphide,  or 
>jl!.i..  In  :ii-iJ  ;  f.g.,  potassium  hydrosulphide,  K,S,H,S  =  2KIIS  ;  leail 
I  le,  I'l>>S.llj.">  =  PliHjrij.      liydrosulphidea  and  aulphidea  may 

W  :t-na  sulphydric  acid  by  partial  or  total  replamnient  of  the 

h^liojjen  hy  inotaia,  joat  as  moUillio  hydroxides  and  oxiduti  are  derived 
frma  watflf. 

lUny  metallic  snlpbidps  occur  ax  natural  mineraln,  e-xix^cially  tlie  snl- 
phidw  of  Xtsiui,  copper,  and  mercury,  which  afford  %'alualile  on-ji  for  the 
txtT«rtiuD  of  the  mctala,  and  iron  bisulphide  or  iron  pyritt«,  FcS,,  which 
U  largely  vuxA  as  s  source  of  8ul]diur,  and  for  the  preparation  of  ferrooa 

IphalM. 

0ulphi<le«  are  formed  artificially  by  heating  metals  with  ftulphnr;  by 
action  of  metals  on  gaseous  hydrogen  sulphide  ;   by  the  n-dnotion  of 
•alphatisi  with  hydrogen  or  charcoal  ;   by  heating  metallic  oxides  in  con- 
UeX  with  giiaiMins  hydr.igen  sulphide  or  vapor  of  carlxm  bisul]>hide  ;  and 
h^  pmripit.ation  of  metallic  solutions  with  hydrogen  sulphide  or  a  sulphide 
rf  lUcali-metvjl.     !>ome  metals,  aw  copper,  Iciid,  silver,  bismuth,  mercury, 
t3>-\  .-.».«... ...in,  are  precipitated  frum  their  acid  solutions  by  hydrogen  sul- 

|.  1  into  them  as  gas,  or  wided  in  aqueous  solution,  the  aul- 

j.  :.>-3e  metals  being  insoluble  in  dilute  acids;   others,  as  iron, 

oibui,  Bickel,  manganese,  zinc,  and  uranium,  form  sulphides  which  are 
ioliit>l«  in  acids,  and  these  are  precipitateil  by  hydrogen  kulphiile  only 
Crnm  alkaline  solutions,  or  by  ammonium  or  jHUassium  sulphide  from  neu- 
tral kolutions.  Many  of  ibese  sulpliiiles  exhibit  characteristiv  colors, 
wt;  •'        -       as  indications  of  the  presence  of  the  respective  metals  in  solu- 


I 


.-Lilphidei  are  also  formed  by  the  rednction  of  sulphates  with 
^utwtauoes ;  uuuiy  native  sulphides  have  doubtless  been  formed  in 
-  ..y. 

Tlie  physical  characters  of  some  metallic  sniphidcs  closely  resemble 
Ifcnat  of  the  metals  in  c^-rtuin  particulars,  such  as  the  jH'culiar  opacity, 
laatre,  and  density,  especially  when  they  are  in  a  crystalline  condition. 
nay  >ra  generally  cryst.-»llizable,  brittle,  and  of  a  gray,  pale  yellow,  or 
dark  brown  color.  The  sulphides  of  the  alkali-met.il8  are  solublo  in 
wali'r ;  most  of  the  others  are  insoluble.  They  are  more  frequently 
fuible  than  the  corresponding  oxides,  aud  some  are  volatilizable,  as 
avrcury  sulphide  an.l  arsenic  sulphide. 

Many  sulpliidus,  when  heated  out  of  contact  with  atmospheric  air,  do 
■01  undergo  »ny  dwomjmsition  ;  this  is  the  caao  ohielly  with  those  con- 
taining the  smallest  proportions  of  sulphur,  such  as  the  unuui.tulphidi-ii 
of  '  /iiic.     Sulphides  ntmtaining  larger  pnipiTtions  of  sulphur  are 

f I .  iuiix»e<l  by  beat,  losing  part  of  th<-ir  siiliiliur,  niul  living  con- 

T-  • .  '  -  .'..liideH  ;  as  in  the  case  of  iron  bisulphide.     The  sul- 

p  uium  arc  completely  reduced  by  heat. 

i:  -  atrtion  of  heat  anil  of  suljstances  capable  of  cotn- 

tiuung  with  sulphur,  some  sulphides  nuiy  be  decomposed.      Thus,   for 
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and  lead  pyrophosphate  dcoompo«ed  by  hydrogen  snlphide  yields  hyd 
gen  pyrophosphate  or  pyrophosphoric  acid  : — 

Ph,P,0,  +  2U^  =  2rbS  +   II,P,0,. 

Pyrophosphorio  acid  is  distingtiia)i«Kl  from  roetaplioaphorir  acid  by  ; 
ooagulaling  albumin  ami  not  prwipiiating  neutral  solutions  of  barin'm 
■ilvcr  salta,  and  from  orthophosplioric  acid  by  prwluiing  a  white,  inst 
of  a  yellow,  precipitate  with  silver  iiitriite. 

Pyrophrtiiphalcs  are  easily  inverted  intometaphosphntes  and  orlhophfl 
pliatea,  and  rice  eersd,  by  addition  or  alwtractiou  of  water  or  a  metall 
base. 

«.  The  production  of  a  pyrophosphate  from  an  orthophosphate  by  lo, 
of  water  has  iR-en  already  mentioned. — B.  Conversely,  when  a  pyrophm 
phate  is   heated   with  water  or  a   bus«,   it   becomes    an   urlhophospha 
e.  </.  .— 

Na,P,0,  +     H,0      =  2Na,lir(1 
Na,l',0,  +  2iNaU0  =  2Na,l'U,  +  11,0. 

In  like  manner,  orthopliosphoric  acid  heated  to  SlTiO  is  almost  entirely 
verted  into  pyropht«phoric  acid  :   211jl'(>, — lljO=  II,l"/>, ;  and  conveniel; 
when  pyriipbiMphorie  acid  ia  boihrd  with  water,  il  is  transformed  into  ortf 
plK>splioric  acid, 

y.  I'yrophoBplioric  acid   hfated  to  dull  redness  is  converted  into  mel 
ph<»pliorio  acid:    H^P,/>,  —  H./*  =  2IIF'<),.     Tlie  converse  reaction  is  n( 
easily  elfiKTted,  iunsnuitli  as  niel;ipbiis]ihoric  iicid  by  alworbing  water  gen( 
rally  passes  directly  to  the  state  of  (■rtliojiliosphoric  acid.     Peligot,  how- 
ever, observe<l  the  loritiation  of  iiyrophosiiimric  freni  melai>ho8phoric  acid 
by  very  slow  absorption  of  water. — t.  When  a  metallic  uietAphosphate  i» 
treated  with  a  prtiper  [m^jKirtinn  of  a  hydroxide,  oxide,  or  oarbouate,  it  "~ 
converted  into  a  pymphospliate  ;  thus  :— 


2NaPO,      + 
Uctapboipliate. 


Na,CO,       =      Na,l',0,       +       CO.. 
Oarboaate.        Pyrophotphate.    Carbon  dioxide. 


I 


Fleitinanii  and  Ilenneberg,  by  fusing  together  a  molecule  of  giHlium 
pyrophosphate,  Na,P(">,.NaPO„  with  two  molecules  of  metaphosphate, 
Nal'Oj,  i.litaini'd  n  salt  liavinj;  the  <-<impo«ition,  NajP<\.3NaP0,^  Na,l',0^ 
which  is  soluble  without  di-cornposilion  in  a  small  quantity  of  hot  walor, 
and  crystallir-es  from  its  solution  by  evniKiration  over  oil  of  vitriol, 
excess  of  hot  water  deeom])ose8  it,  but  its  c<p|d  aqueous  solution  is  modi 
rately  permanent.  Ins(i|nbl<>  phosphates  of  similar  composition  may 
obtained  from  the  sodium-salt  by  double  decomjiosition.  Kleitiuann  a 
Hennelh'rR  obtained  another  crvstallitahle  but  very  insoluble  salt,  havi 
the  composition,  Na,PO,.9NaP(),  =  Na|,P|„Oj,,  by  fusing  together  one  mob-- 
ciile  of  scxliura  pyrophosphate  with  eight  molecules  of  the  metaphosphatu^ 
aTid  insoluble  phosphates  of  similar  oonstitutiou  were  obtained  from  it 
double  decomposition. 

'     The  comparative  oon>i)oaition  of  these  different  phosphates  ia  liest  she 
by  representing   them   as  compounds  of  phosphoric   oxide  with  melalU 
oxide,  and  assigning  to  them  all  the  quantity  of  base  contained  in  tf 
most  complux  member  of  the  series  ;  thus — 


in^ 

1 

1 


Orthophosphate  ...... 

Pyrophosphate     .         .         ... 

Fleitmann  and  Honneberg's  phoaphato  (ii) 
'"                        "                     "           (i) 
Metapbusphatu 


6Na,0.2P,<\  =  4Na,PO, 
0Na,(>.3P,(\  =  3Xa,P,0, 
6Na..0.4P;(\  =  2Na,P,0,, 
6Na^O.,';P.<\  =  Na„P,„<  ',J 
6Na,0.()P;05  =  12Nal'0, 


SOLPBIDBS. 
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MetalHo  Snlphldea. — These  compounds  correspond,  for  the  most  part, 
i:  .•  4ii,«>«ilii-u  «iili  ihc  oxi'lf*  :  thus,  there  are  twu  BulphideK  of  nrst-nii^, 
Ai  *,  and  As^Sj,  cnrrfspondinj,'  with  tli«  oxides,  Ah^O,  and  A»jl>j  ;  also,  two 
i.ljiUidca  o(  lut-rcury,  Ug^  and  Hgtf,  aualogouii  to  the  oxides,  lly/)  and 
UiP*.  (Vvauiionallv,  however,  we  meet  with  oxiilea  to  which  there  are  no 
■rrsponiling  sulphides  (maiiganuse  dioxide,  for  example),  and  more  fre- 
fiUBtljr  sulphides  to  which  there  are  nu  correspondiug  oxideit,  the  most 
maarkAble  of  which  are,  perhaiis,  th»  alkaline  ]H>lysulphides.  Potas- 
utiD,  for  example,  forms  the  series  of  sulphides,  K,S.  K.^S,,  K^j,  K,8„  and 
E,^  the  third  and  fifth  of  which  have  no  analogues  in  the  oxygen  series. 

There  are  also  hjdrosulphides  analogous  to  the  hydroxides,  and  ain- 
ixinine  th<5  «iltiinents  of  a  nietallio  sulphide  and  hydrogen  sulphide,  or 
fulptiyJrio  acid  :  e.j.,  potassium  hydrosulphide,  K,S.ll,d  =  2K11S  ;  lead 
br  trodulphidc,  PbS.lljri  =  PldljS,.  Uydrosulphides  and  sulphides  nmy 
U-  Jprivcnl  from  sulphydric  acid  by  partial  or  total  replauement  of  the 
by  <n>:>-u  \ty  inctals,  just  as  metallic  hydroxides  and  oxides  are  derived 
fmm  watvr. 

Many  metallic  snlphidfis  occur  as  natural  minerals,  especially  the  sul- 
jUAm  of  l«s<l.  copper,  and  mercury,  which  alTonl  valunlile  ores  for  the 
•xtrar<ion  of  the  metals,  and  iron  bisulphide  or  iron  pyrilr^,  FcS„  which 
ib  Ur^rljr  usvii  as  a  source  of  sulphur,  and  for  the  preparation  of  ferroiu 
taliihat«. 

:)ulpltiJ<s  are  formed  artificially  by  heating  metals  with  sulphur  ;  by 
Cb' Ktinn  of  uietats  ou  gaseous  hydrogen  sulphide;  by  the  nxlurtiim  of 
•alphatRS  with  hydrogen  or  charcoal  ;  by  heating  metallic  oxides  in  con- 
U<1  with  gase^-uis  hydrogen  sulphide  or  vajwr  of  carlmn  bisul|)hidc  ;  and 
^  prvripitatiou  of  metallic  solutions  with  hydrogen  sul|diiile  or  a  sulphide 
rf  tlkAli-aietal.  Some  luetals,  as  cop{K'r,  lead,  silver,  bismuth,  mercury, 
tai  ekdmium,  are  precipitat'-d  from  their  a<-id  solutions  by  hydrogen  sul- 
phlds,  pitssed  into  them  as  gas,  or  addcnl  in  a<iueous  solution,  the  sul- 
phide* of  th>>se  metals  l)eing  insoluble  in  dilute  acids ;  others,  as  iron, 
n>b«lt,  nickel,  manganes<-,  xino,  and  uranium,  form  sulphides  which  are 
•oliiMe  In  acids,  and  these  are  precipitated  by  hydrogen  sulphide  only 
b  I'- solutions,  or  by  ammonium  or  potassium  sulphide  from  neu- 

ii  ;-.       Many  of   these   sulpliiiles  exhibit   characteristic  colors, 

»  IS  indications  of  the  presence  of  the  respective  metals  in  solu- 

1.  ■ .. 

Milphidca  are  also  forme<I  by  the  reduction  of  sulphates  with 
suhstancea ;  many  native  sulphides  have  doubtless  been  formed  in 

•   iV. 

I'Uo  physical  characters  of  some  metallic  sulphides  closely  resemble 
tboso  of  tile  metals  in  certain  particulars,  such  as  the  peculiar  opacity, 
Ustre,  and  ileusity,  (Specially  when  they  are  in  a  crystalline  condition. 
They  are  generally  crystal lliable,  brittle,  ami  of  a  gray,  pale  yidlow,  or 
dirk  brown  color.  The  f<ulphid(ts  of  the  alkali-metals  are  soluble  in 
»»t<T ;  must  of  the  others  are  insoluble.  They  are  more  frequently 
fusible  than  the  corresponding  oxiil<*s,  and  some  are  volatilizable,  as 
mercury  sulphide  and  arsenic  sulphide. 

Hany  sulphides,  when  heated  out  of  contact  with  atmospheric  air,  do 
ntidergo  any  decomposition  ;  this  is  the  case  chielly  with  those  con- 
ing the  smallest  proportions  of  sulphur,  such  as  the  nioiiosulphldi-s 

Iron  and  zinc.  Sulphides  containing  larger  pro|Kirtio(is  of  fliiljibur  are 
partially  d.'c<im(sj»c-<i  by  heat,  losing  part  of  their  sulphur,  niid  iB'iog  cou- 
T,r'.  I  ii.i..  lower  8ii1pliiile«  ;  as  in  the  cose  of  iron  bisulphide.  The  sul- 
p  1  an<l  platinum  arc  completely  reduced  by  heat. 

1  niultaneous  action  of  heat  and  of  aubstanet^  capable  of  coin- 

btniu^  witli  sulphur,  ■omo  sulphides  ma/  be  decomposed.      Thus,   for 
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itustance,  silver,  ouppvr,  biiimatli,  liu,  tuid  aiitimouy  sulpUides  are 
dticeil  by  hydrogen  ;  coppur,  lead,  mercury,  and  antimouy  sulphides 
retluucd  by  bi-aliiij!  with  iion. 

8uljiliiile!i  whii:b  ai»  uol  ri»iluc4?il  by  heat  alone  are  always  de«onif 
when  huatcd  in  wmtacl  willi  oxyKt'u  "f  aliuosjjherie  air.     Those  of 
Slkali-mi'tals  and  rartli-motals  are  oouviTti'il  into  sulplialcs  by  this  mean 
Zine,  iron,  uiangancse,  «;<>j)per,  lead,  and  bismuth  (sulphides  are  converti^ 
into  oxideii,  and  sulpliuroua  oxide  is  produced  ;  but  when  the  temperatu 
in  not  above  dull  redness,  soiue  sulpliate  is  formed  by  direct  oxidatia 

Mercury  and  silver  sulphideit  are  coniph^tely  re<luoeJ  to  the  metallic  stat( 

Some  native  sulphidirs  gradually  unilerjfo  alteration  by  mere  cx[>oaure  to 
the  air  :    but  it  is  then  (;enerally  limited  to  the  produetion  of  tiulphates, 
unless   the  oxidation   tak(«  place  so  rapidly  that  the  heat  generated 
SUlBcient  to  dii'OMijMHe  the  sulpUnte  first  produced.      In  the  produetion  ( 
some  metals  for  use  in  the  arts,  the  separation  of  sulphur  from  the  natit^ 
minerals  is  effected  cliielly  by  means  of  this  action  in  the  operation  ' 
roasling. 

Metallic  sulphides  are  decomposed  in  like  manner  when  heated  with 
metallic  oxides  in  suitable  pro[>ortions,  yieldinj,'  sulphurous  oxide  and  the 
metal  of  Ixitb  the  sulphide  and  oxide.  Load  is  reduced  from  the  native 
sulphide  in  tliis  manner. 

Many  mctullic  sulphides  arc  decomposed  by  acids  in  presence  of  wati 
sulphuretted  hydrof;cn  being  evolved  while  the  metal  enters  into  rombin 
tion  with  the  clilorous  rwlide  of  the  acid,     Nitric  acid  when  concentrate 
de<'omposcs  most  sulphi<li'S,  with   forni.-itin!i  of  nietalliu  oxide,  salphn 
aciil,  sulphur,  and  a  lower  oxide  of  nitrogen.     Nitroniuriatio  acid; 
a  similar  manner,  but  still  more  energetically. 
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Sulphur-Saltf. — The  sulphides  of  the  more  basylous   metals   nnil 
with  those  of  the  more  chlorous  or  electro-negative  metals,  and  of  the  iion- 
raetallie  elements,  forming  sulphur-salts,   analogous  in  coiupi^itioD 
to  the  oxygen-salts,  c  y.  .• — 

Carlxmate,  K,f"0,     =  K,O.CO, 

SiilphiK,-arbonate,  K,rs,     =  K,3.C8, 
Ars.iiate,  2KjAsO,  =  3K,<i.As,0, 

Sulpharsenate,      2K,As8t  =i  3K,'.S.As^j. 


Selenldea   and   Tellurldea. — These  compounds  are  ana 
in  eunipoaition,  and  in  uuuiy  of  their  properties,  to  the  sulphides,^ 
Quite  one   with  the  other,  fonuin<:   selenium-salts   and   telllarium-salta 
analogous  to  the  oxygen  and  sulphur  salts. 

Metals  also  form  definite  comp<uindB  with  nitrogen,  phnsphorns,  nilicon, 
boron,  and  earljon  :  but  these  compounds  are  comparatively  unimportant, 
excepting  the  carbonidea  of  iron,  which  form  cast-iron  and  steel. 
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CLASS  I.— MONAD  METALS. 

GROUP   I.— METALS  OF  THE  ALKALIES. 


POTASSIUM. 

Atomic  Weight,  M.L    Syuibol,  K  (Kallum). 

PoTuwn'M  w!i.«  iliscoTiTcyl  iu  1807  by  Sir  II.  Davy,  who  obtained  it  in 
Ti '  ly  l).v  «xp<«ing  0  piece  of  uioisti'm-d  imtasaium  liy<lrf)jii(Ie 

lii  jMiwerful  voltaic  battery,  tli«  a!l<aii  Iwing  (ilaccil  lK'ttrfH;n 

a;  .iiiimii  plnt«»  ponneetwl  with  tho  apparatus.     Procwses  have 

»i;  {•■vistMl  for  obtaining  this  niftal  in  almost  any  quantity  that 

...  1. 

it«  mixture  of  potas.iiuin   carbonate  and  charcoal  is  prepared 
tiv  \  in  a  covered  iron   pot,  the  crude  tartar  uf  commerce;  when 

cuid  it  is  rublwd  to  powder,  mixed  with  one-tenth  part  of  charcoal  in  small 
lamps,  and  quickly  transferred  to  a  retort  of  stout  hannnori.>d  iron  :  the 
lutrr  may  I"*  one  of  the  iron  bottles  in  which  mercury  is  imporli«l.  The 
r»tort  is  iutroduc«d  into  a  furnace,  a  (fig.  147),  and  placed  horizontally  on 
Mtpporta  of  Sre-brick,  /,/•  A  wrought-iron  tube,  rf,  four  inches  long, 
•RTTM  to  convey  the  vapors  of  potassium  into  a  receiver,  e,  formed  of  two 
pieee*  of  WTOught-iron,  a,  b  (fig.  148),  which  are  fitted  closely  to  each  other, 


Fl«.  M7. 


Fig  1«. 


>.>  form  a  sh.iUow  box  only  a  quarter  of  an  inch  deep,  and  are  kept 

r  by  elam|>-f!crews.     The'iron  plate  should  be  one-sixth  I'f  nn  ineh 

relv*  inches   lonjr,  and  live  inches  wide.     The  receiver  is  open  at 

«.  Die  iKM-ket  nttinc  ot>on  the  neck  of  the  iron  l*ttle.     The  i.lijiet 

-1  •      ,     ■        •■    ■■    M.'d  fi.rra  is  to  insure  the  rapid  etx'ling  of 

riw  it  from  the  action  of  the  cartion  uion- 

....iii|,'  the  entire   process,  and    h.is  ft  strong 

<4in<|eai7  ti.  polussium,  forming  a  dangerously  exphislvo 

•  •>iii["jund.  iiig   the  receiver  with    the  tube  d,  the  flt«  Vi 

raiMal  uli  the  iruu  Iwltle  attains  n  dnJI  red  heat.     PowdeteA  \'\\T\- 

.  rax  /«  l/ieji  sprinkled  upon  it,  w)iloh  melts  and  forna  a  cotk^Uug 

2.1* 


"J 


s»rriug  to  prot«ot  the  Iron  from  oxidation.  The  heat  is  then  to  be  n  _ 
until  it  is  very  intense,  care  Inniig  taken  to  raise  it  as  eiiually  as  possil 
lUroiighuut  every  part  iif  the  furnace.  When  a  full  rtildish-whitv 
is  Bttainml,  va[iorii  of  ]Kita!<»ium  begin  to  app«ar,  and  burn  with  a  brii 
flaiue.  The  receiver  is  then  adjusted  to  the  end  of  the  tiib«',  wliieli  nii 
nut  project  nii>re  than  a  quarter  uf  an  inch  through  the  iron  plate  furuii 
the  front  wall  of  the  furiiaee  ;  iilherwiae  the  tube  is  liable  to  lie  obstructed 
by  the  aveumulaliou  uf  sulid  putai>siuui,  or  uf  the  explcwive  couijxiuud 
above  mentioned.  Should  any  ubstruotion  occur,  it  uiu:it  be  removed  bj 
thrustiuj;  in  au  iron  bar,  and,  if  thtii  fail,  the  tire  must  be  iiuiuediale 
withdrawn  by  removing  the  bars  from  the  furnace,  with  the  exeeptiou 
twowhich  8Upp<irt  the  iron  bottle.  The  receiver  is  kept  0(ki1  by  the  ap[ 
cation  of  a  wet  cloth  to  its  outside.  When  the  oiH^ratiou  is  luiuplete^ 
the  receiver  with  the  potassium  is  ruiuuved  and  imuiedialely  plungetl  into 
a  vessel  of  rectilled  petroleum,  provided  with  o  ixjver,  and  kepi  cool 
immersion  in  water.  When  the  apparatus  is  sullivieuily  cooled,  the  pol 
siuui  is  detached  and  preserved  under  {H-troIeum. 

If  the  potassium  be  wanted  absolutely  pure,  it  muat  be  afterwards 
diatilled  in  an  iron  retfirt,  into  which  some  naphtha  has  been  put,  that 
vapor  may  expel  the  air,  and  prevent  oxidation  uf  the  metal. 

Potassium  is  a  brilliant  white  metal,  with  a  high  degree  of  luatre; 
the  common  temperature  of  the  air  it  is  soft,  and  m.iy  Iw  easily  cut  witi 
knife,  but  at  ()°  C.  (:ijc  p.)  it.  u  brittle  and  cryslalliue.  It  melts  «: 
plet<-ly  at  f>2.50  (;.  (I44.40  K),  and  distils  at  a  low  rud  heat.  It  UoaU 
water,  its  spocillc  gravity  being  only  O.SO,^. 

Uxposed  to  the  air,  jMJtasaium  oxidizes  instantly,  a  tarnish  covering 
surface  of  the  metal,  which  quickly  thickens  to  a  crust  of  caustic  l»oli_ 
Thrown  upon  water,  it  takes  tire  sp<inlaneously,  and  burns  with  a  beai 
tiful  purple  Uame,  yielding  an  alkaline  solution.  When  it  is  brought  into 
wmtact  with  a  little  water  in  a  jar  standing  over  mercury,  the  liquid  ia 
decomposed  with  great  energy,  and  hydrogen  liberated.  Potassium 
always  preserved  under  the  surface  of  petroleum. 


1 
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Fotasslam  Chloride,  KCI.— This  salt  is  obtained  in  large  qnantii 
in  the  nianufaitiire  of  the  chlor.iU! ;  it  is  easily  ]iuriaed  from  any  portioiii 
of  the  latter  by  exposure  to  a  dull  red  heat.  Within  the  last  few  vears, 
large  quantities  of  this  salt  have  been  obtaine<I  from  seji-water,  by  a" pecu- 
liar process  suggested  by  .M.  Balard.*  It  is  also  wnlained  in  kelp,  and 
is  separated  for  the  use  of  the  alum-mak.tr.  Considerable  quantilira  of 
it  are  now  obtained  from  the  salt-beds  of  Staasfurt,  near  Macdebure. 
Prusiia.  *  * 

Potassium  chlori.le  closely  resembles  common  salt  in  appearance,  assn 
ing,    Ike  that  substant'e,  the   cubic   form  of  crystalliiation.     The  crvs 
di^isolve  in  three  parts  of  cold,  and  in  a  much  smaller  quantilv  of  U.il 
water  :  they  are  anhydrous,  hove  a  simple  saline  taste,  with  slight  bitter- 
ness, and  fuse  wli.Mi  exixwed  to  a  red  heat.     Potassium  chloride  U  vol*, 
tttuud  by  a  very  high  temperature.  J 

Potassium  lodldo.  KI.— There  are  three  different  methods  of  prepar- 
ing this  imjKirtant  ui-.-tlical  compound. 

(1)  When  iodine  is  added  to  a  strong  solution  of  canstio  potsah  fV«e 
from  carltonate.  it  is  dissolved  in  largo  quantity,  forming  a  colorlras  snln- 
tion  containing  |>olassinm  io<lidH  and  iodate  ;  "the  reaction  is  the  same  as 
in  the  analogous  oaso  with  chlorine.  When  the  solution  begins  to  be  yier- 
manently  njlored  by  the  Iodine,  it  is  evaporatnl  to  dryness,  and  cautiously 

■  BtpotU  by  tb»  Juries  of  tita  lolernatlonal  Exhibition  of  IMl,  Claw  IL 
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a,  by  which  the  iadat«  ia  entirely  oonvarted  into  iodide. 
I  i*  Uicu  dissolved  in  water,  and,  after  liltratiuu,  made  to  orystal- 

ItM. 

(i)  Iodine,  irati-r.  and  irrm-Ulingd  or  eirapa  of  ziuc,  are  )ilaued  in  a 
•viuiuluatiou  uulil  tlie  combinatiou  in  cumploto,  and  tin-  suliition  eolor- 
la>.  The  nniiiitiug  iodide  of  iron  or  linu  is  tlieii  filtered,  and  exa>:tl/  de- 
(■■pcMnd  with  Boluliou  of  pure  pola^^aiuiu  carlxiuiite,  great  care  lieiug 
(ikeB  In  aviiid  excess  of  the  latter.  I'ulaKiiium  iodiile  and  ferrous  rarlion- 
curlxjnnte,  are  thus  obtained  :  the  turuier  is  sepHrnted  liy 
I  evaporated  until  the  solution  is  sulliciently  voucentrated  tO 
..^•uiii^T  ou  (.uuliug,  the  woaliiugs  of  the  liller  beiug  added  to  avoid  loss  : 

Kcl,  +   K/0,  =  2K1  -I-  FeCO,. 

(3>  A  Tery  simple  method  for  tlie  preparation  of  potUA-iium  iodide  waa 
fn>(n*c<l  l>y  Liebig.  Une  part  uf  ouiurplious  phospiiorus  is  a<l<led  to  40 
jiiTU  of  irana   »»t«^r  ;    'M  parts  ol  dry  ioiline  are  then   gradually  oilded 

I  mtiiuale'ly  mixed  with  the  phosphorus  by  trituration.    The  durk-brown 
Ihuii  olrtJUned  is  now  healed  ou   tite  waler-batli    until   it   beconitu 

■<'«  ;    it   ia  then  {lOured  oU    troui   tbe   uudis^lved   pluKspborus,  and 
I      firsl    will!    bariutn    eurumate   utid    then  with    baryta-wnter, 
u  iiirs  tlij^btly  alkaline;  uud  tbe  insoluble  barium  phu:^phate  is 

li  Lid  Husiift.     The  liltrate  now  contains   nothing   but   barium 

i<  !i,    wbeii    treated  witli    potansiuiu    nulphate,  yields    insoluble 

I:.  !iaie  and  pulussium  iodide  in  solution.     Lime  answers  nearly 

»  cryta. 

I.  iodide  rrystalllzes  in  cubes,  which  are  often,  from  some  unex- 
(•IuuitI  viiuse,  milk-white  and  opaijui*  :  they  are  anhydrous,  ami  fuse 
n«dlly  when  healed.  The  soil  is  very  soluble  in  water,  but  wben  pure, 
dm  nut  dehqaaaoe  in  a  moderately  dry  atmosphere :  it  is  dissolved  by 
•livihol. 
tv>luiion  of  potaHsium  iwlide,  like  those  of  all  the  soluble  iodides,  dia- 
im  a  hirge  ijuautity  of  free  iodine,  forming  a  deep-brown  lictuid,  not 
uijK«it.<l  by  water. 

Potaaslnm  Bromide,  KBr This  compound  may  he  obtained  by  pro- 

•MHS  exactly  similar  to  those  just  descrilMid,  sulistitiiting  brninine  for  the 
todiit*.  It  is  a  colorless  and  very  solulile  salt,  quite  undistinguishable  in 
ippearanoe  and  general  charavtem  from  the  ioidiue. 

Potaaaiam  Ozidea. — Pota.<siura  combines  with  oxygen  in  several  pro- 
I«Tlifjii!i,  forming  a  monoxide,  K,0,  a  dioxide,  KjO„  a  tetroxide,  K,0,,  and 
thn-r-  oxidiM  intermediate  betw.-en  the  last  two,  besides  a  hydroxide,  KHO, 
•orr«*i«.iidiiiK  with  the  monoxide. 

Ii.',,..,„.n  iiiimosiile,  K,0,  also  ealleil  nnhyilroM  pola»h,  or  fMlasiui,  is  formed 
«  ium  in  thin  slices  is  exposed  at  ordinary  temperatures  to  dry 

,.  Ill  carlion  dioxide;  also  when  the  hydroxide  ia  heated  with  au 

M^uivaleut  quantity  of  metallic  [lotassium  ; 

2KH0  +  K,  =  2K,0  +  H,. 

II  is  wKit«.  my  dvliquesoent  and  caustic,  combines  energetically  with 
iter,  fomiing  potassium  hydroxide,  and  lioeomeB  incandescent  when 
oi»teu»l  with  it;   melts  at  a  red  heat,  and  volatilizes  at  very  high  lero-. 

ratnrui. 

KG 
Til-  Mi.TiiU.  K,0^  or      I  ,  is  formed  at  a  certain  sUgo  in  the  preparation  i 
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the  tvtroxide,  bat  itu  not  baen  obuined  qait«  pore.    By  carefully  rcgoli. 
iug  tbe  he&t  and  anpply  of  air,  nearly  the  whole  of  the  potassium  may  I 
c«iirprt«Hi  into  a  whit«  oxide,  having  near!;  the  onmposition  of  the  dioxij 
An  aqueous  aolution  uf  this  oxide  is  formed  by  the  action  of  water  on  i 
tetroxida. 

K— O— O 
The  tetroxide,  K,0„  or  |  ,  ia  prodooed  when  potassium  is  bo 

K— O— U 
in  exoesa  of  dry  air  or  oxygen  gas.  It  ist  a  chrome-yellow  powder,  whii 
eskea  together  at  about  2lM~'.  It  absorbs  moisture  rapidly,  and  is  decoi 
pised  by  water,  giving  off  oxygen,  and  forming  a  solution  of  the  dioxid 
^Vheu  gently  heated  in  a  streaui  of  rarbuu  monoxide,  it  yields  potaasiu 
carbonate  and  two  atoms  of  oxygen  : 

K,0,  +  CO  =  KjCO,  +  O, : 

with  carbon  dioxide  it  acts  in  a  similar  manner,  giving  off  three  atoms  I 
oxygen. — Harcourt,  t'Aew.  60c.  Joh/ti.,  1861,  p.  267.  ' 

By  passing  dry  air  or  nitrogen  monoxide  over  potassium  heated  to ) 
temperature  below  ItHK^,  and  stopping  the  action  at  certain  stages,  tl| 
oxid.4  K»<»j,  K«0,,  K,0,,  are  obtained,  intermediate  between  K,0,  aq 
K,U,. — (LuptoD,  1611/.,  IbTii,  ii.  563. ) 

PoTASSim  Htdboxiue,  KIIO,  commonly  called  caustic  poia-sh,  or  pota 
is  a  very  important  stil^tance,  and  one  of  great  practical  ntility.     It 
always  prepared  by  dee<)mposing  the  carlx>nate  with  calcium  hydroxide 
(slaked  lime).     10  pans  uf  (Miiassinm  carbonate  are  dissolvt>d  in  IMl  part* 
of  water,  and  heate*!  to  ebullition  in  a  clean  uutinne<l  iron,  or,  still  lietteiif 
silver  vessel ;  8  parts  of  good  quicklime  are  meanwhile  slaked  in  a  covt 
busin,  and  the  resulting  calcium  hydroxide  is  added,  little  by  little,  to  tta 
boiling  solution  of  carbonate,  with   frequent  stirring.     When  all  the  liu 
has  iH-en  iutro<liiced,  the  mixture  is  suUered  to  boil  (or  a  few  minutes,  an 
then  removi'^1  from  the  fire  and  covered  up.     In  the  course  of  a  very  sho 
time,  the  solution  will  have  b<>c<>uie  quite  clear,  and  fit  for  decantation,  tli 
calcium  carbonate,  with  the  excess  of  hydrate,  settling  down  as  a  heavjr 
aandy  precipitate.     The  solution  should  not  effervesce  with  acids. 

It  is  t-ssential  in  this  process  that  the  solution  of  potassium  carbonate  lie 
dilute,  otherwise  the  decomposition  becomes  imperfect.  The  proporliou  of 
lime  recommended  is  much  greater  than  that  required  by  theory,  but  it  is 
always  proper  to  have  an  excess. 

The  solution  of  potassium  hydroxide  may  be  concentrated  by  quii^k  evs^ 
poration  in  the  iron  or  silver  vessel  to  any  desired  extent ;  when  heate 
until  vapor  of  water  ceases  to  be  disengaged,  and  then  suffered  to  cool,  i 
furnish(«  the  solid  hydroxide,  KHO  or  K,O.H.O. 

I'urc  potassium  hydroxide  is  also  easily  olltained  by  beating  to  redneM* 
for  half  an  hour  in  a  covered  copper  vessel,  one  pari  of  pure  powd«yed  nitre 
with   two  or  three  parts  of  finely  divided  copper  foil.     The  mass,  when 
cold,  is  treat4vl  with  water.  ^H 

I'oiaHsiiim  hydroxide  is  a  white  solid  sulistance,  very  deliquesoent,  an4^| 
soluble  in  water:  aUaihol  also  dissolves  it  freely,  which  is  the  case  with^B 
comparatively  few  potassium  conjjNounds  ;  the  solid  hyilroxideof  eommeriv, 
which  is  very  impure,  may  thus  bo  purified.  The  solnliim  of  this  sub- 
stance possesses,  in  llie  very  highest  degn-e,  the  projierlies  tenne<l  alkv 
Jine  :  it  restores  Ihe  bliu'  color  to  litmus  which  has  Iwen  reddened  by  au 
acid  ;  neutralines  cmipletely  the  most  p^^we^ful  aii<ls  ;  has  a  nauseous  and 
peculiar  taste  ;  and  dissolves  the  skin,  and  many  other  organic  mailer 
when  the  latter  are  subjected  to  its  action.  It  is  frequently  used  by  sur-J 
gtMim  at  a  cAutejy,  l>eing  moulded  int*  little  ^iticks  for  thut  purpose. 
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Fs4M»tam  liy4rozi(le,  bath  in  tiic  solid  iitate  and  In  Bolntion,  rapidly 
llBVbB  cvlmtiic  a4-id  fmiii  tlie  itir :  ht-nuu  it  muiit  Ih-  k^pt  in  cliMcIy  stopped 
hnim  Wh-'U  iiiipi'rfcrilv  prfparuil,  iir  pailially  alurwl  liy  cxjKiMire,  it 
^WTBtees  with  an  acid.  It  in  not  decnuixitiod  l>>'  lical,  but  volatilized 
admHBOOBetl  at  .1  very  high  t<'nipi'rutur(-. 

TIm  bUowing  tablu  of  tlio  dunsit;<ti  and  ralne  in  anhydrous  potassinm 
oxki*.  K,0.  of  dilFe-rcnt  liolDtions  of  polassitun  hydroxide  is  given  on  the 
tulliorit  V  of  DaJton  : — 


sotS 

idly  ■ 


ttnulty. 

t.(M 
1.60 
1.52 
1.-I7 
1.-U 
1.42 
1.39 
t.3U 


Pcrcentace  of 

Detulty. 

.       51.2 

1.33 

.       46.7 

1.28 

.      42.9 

1.23 

.       39.(i 

1.19 

.       30.8 

1.15 

.       34.4 

1.11 

.       32.4 

l.Oti 

.       29.4 

Percentnge  of 
K.U. 

.  20.3 
.  2;$.4 
.  19.5 
.  lti.2 
.       IJ.O 

9.5 

4.7 


rollMllllll  Witiato;  Slli-f;  fiillpelrK,  KNO,  =  NO,(OK).  — This  im- 
yTiiil  compiiuul  is  a  n;itiir»l  pnxluet,  Ix'itig  diBongiiged  liy  a  kind  of 
■fliliii  I  III  I  from  thi<  siurfacti  of  the  soil  in  certain  dry  and  hot  countrioi. 
Hmay  alr>o  >>^  proilucod  by  artificial  moans,  namely,  by  the  oxidation  of 
MMMnuA  in  presence  of  a  [xiwerful  base. 

la  Kir&on<,  largK  qaantiti^  of  artificial  nitro  aro  prt-purcd  by  mixing 
Mhaai  nffiuv  of  all  kinds  with  old  mortar  or  slaked  lime  and  oarth,  and 
|J»<*"i;  tli«i  mixture  in  lie^[i«,  protected  from  the  rain  by  a  roof,  but  freely 
■Speaad  to  the  air.  Krooi  time  to  time  the  heaps  are  watered  with  putrid 
artM,  Mxl  the  moss  i;<  turned  over,  to  expose  fresh  surfaces  to  the  air. 
Whon  inii''h  salt  his  Ixh-u  formed,  the  mixture  is  lixiviate<l,  and  the  aolu- 
^fjtt  will  li  .-..iitiiiH  calcium  nitrate,  is  mixeil  with  ))ol,'issium  carlmnate; 
is  fonneil,  and  the  nitric  acid  trauKferred  lu  the  alkali. 
T'.  uiin  is  then  made  to  crystallize,  and  the  crystals  are  puri- 

l  by  r^-noliiiiun  and  crystallization,  the  liquid  being  stirred  to  preveoit 
I  fwwi'itioti  of  large  crystals. 

•••r  part  of  the  nitre  used  in  this  country  comes  from  India:  it 
:  lu  water,  a  little  potassium  carbonate  is  added  to  precipitate 
K-n  the  salt  is  piirifli.-d  as  above. 

■  Iile  <iuantitie9  of  nitre  are  now  manufactured  by  decomposing 

■  !  iim  nitrate  (Chile  saltpetre)  with  carlxinate  or  chlnridi'  of  imtus- 

In  liolgium  the  potassium  carbonate  obtaine<l  from  the  ashes  of  the 

t  ^'i^'^ir  manufactories  is  largely  used  for  this  purpose  ;  tlie]>iitassium 

-  (irepared  is  very  pure,  and  is  produce*!  at  a  low  price. 

a  nitrate  crystallizes  in  anhydrous  six-sided  prisms,  with  dihe- 

ir.i  ^iiuiiiuis,  Ix'longing  to  the  rhombic  or  Irimetric  system:  it  is  ttolnble 

in  7  parts  of  water  at  1.5. 5-J  C.  (liOO  F,),  and  in  its  own  weight  of  boiling 

water.    Il't  lasle  is  saline  and  cooling,  and  it  is  without  action  on  vegetable 

»inra.    It  melts  at  a  temperature  below  redness,  and  is  compleUdy  decom- 

ipi..,l  l>y  a  »tn>ng  heat. 

11  it  is  thrown  on  the  surfac^i  of  many  metals  in  a  stale  of  fusion,  or 

with  pomhustible  matter  and  heated,  rapid  oxidation  eiisui>s,  at  the 

HI  Mie  oxygen  of  the  nitrio  acid.     Examples  of  such  mixtures  are 

<|>.  iimon  {gunpowder,  and  in  nearly  all  pyrotechnic  c<>m|)ositions, 

•1   ill  this  manner  independently  of  the  oxygen  of  the  air,  and 

nil  It  h  ii.-r.     Gunpowder  is  ma/le  by  very  intimately  mixing  tope- 

■Lujiuiu   nitrate;,  charcoal,  and  sulphur,  in  pro|iorti<uis  which  ap- 

2  molecules  of  nitro,  3  atoms  of  carbon,  and  1  atom  of  Rulphui 
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tlie  tutrozide,  but  has  not  Ixwn  obtained  quite  pare.  By  carefuIlT  rcgn  , 
iiig  the  heat  aud  tupply  of  air,  nearly  the  Mliole  of  the  pulasHiu'to  ma.r  j 
(xinviTti-d  into  a  whitu  oxidt?,  having  nearly  the  ^imposition  of  the  dioxii 
An  aqueous  solution  of  this  oxide  is  formed  by  the  action  of  water  on  I 
tetroxide. 

K— tl— O 
The  tttroxide,  K,0„  or  |  ,  is  produced  when  potassium  ia  bn 

K— O— O 

in  excess  of  dry  air  or  oxygi-n  gas.  It  iu  a  chromn-yellow  powder,  whfi 
cakes  together  at  about  'inVf-'.  It  absorlis  moisture  rapidly,  and  is  deo 
p<«<xl  by  water,  giving  off  oxygen,  ami  fanning  a  solution  of  the  dioxid 
AV'lien  gently  heated  in  a  stream  of  larbou  monoxide,  it  yields  potassin 
carbonate  aud  two  atoiuit  of  oxygen  : 

K,(),  +  CO  =  K,CO,  4-  O, : 

with  carbon  dioxide  it  aoUi  in  a  similar  manner,  giving  off  three  atona  j 
oxygen. — llarcourt,   t'lum.  Hoc.  Joum.,  Ibtil,  p.  2(i7. 

lly  passing  dry  air  or  nitrogen  monoxide  over  potassium  beat«^  to] 
temperature  t>elow    llKK^,  and  slopping  tlie  action   at  certain  stages, 
oxid.'S   KjiJj,    K,<i,,   K,(>,,   are  obtained,   iutermediate  between  K,0, 
K,IJ,. — (L  up  ton,  ilml.,  IbTii,  ii.  Mb.) 

PoTASsirM  IIydboxuib,  KHO,  wmmonly  called  cauMic  potojJi,  or  poii 
is  a  very  important  substance,  aud  one  of  great  practical  utility.  It 
always  preparwl  by  deeomjHisIng  the  carlKiiutle  with  calcium  hydroxii 
(slakiHl  lime).  10  parts  of  |M>tassium  carbonate  are  dissolved  in  UK)  _ 
of  water,  and  heati-Hl  to  ebtiUilion  in  a  clean  unlinnol  iron,  or,  still  beti 
silver  vessel ;  8  parts  of  good  quicklime  are  meauwliiU-  slaked  in  a  oovei 
basin,  and  the  resulting  calcium  hydroxide  is  aitded,  little  by  little,  to  tl 
boiling  solution  of  carbonate,  with  frnioent  stirring.  When  all  the  li 
has  >M'en  intr(xluc«d,  the  mixture  is  sullered  to  Uiil  lor  a  few  minutes,  ani 
then  renioviMl  from  the  fire  and  covereil  up.  In  the  course  of  a  very  short 
time,  the  solutiim  will  have  bec«>me  quite  clear,  and  fit  tor  decantation, 
calcium  carlwnnte,  with  the  excess  of  hydrate,  settling  down  as  a  hea 
sandy  precipitate.     The  solution  should  not  effervesce  with  acids. 

It  is  essential  in  this  pr<H'OSH  that  the  solution  of  potassium  carbonate 
dilute,  otherwise  the  dec<im]>osition  becomes  imix-rfect.    The  projKirtiou 
lime  recommended  is  much  greater  than  that  required  by  theory,  but  it  tf 
always  proper  to  have  an  excess. 

The  solution  of  pr>tas!iium  hydroxide  may  be  concentrated  by  quick  evi 
poration  in  the  inm  or  silver  vessel  to  any  di-sireil  extent  ;  when  hea 
until  vapor  of  water  wases  to  be  disengaged,  and  then  suffered  to  cool 
furnishes  the  solid  hydroxide,  KHO  or  K,O.H,0. 

Pure  pola.'tsium  hydroxide  is  also  easily  olitained  by  heating  to  redoi 
for  half  an  hour  in  a  covered  copper  vessel,  one  part  of  pure  powdered  nitre 
with  two  or  three  parU  of  finely  divided  copper  (oil.     The  mass,  when 
colli,  is  Irealcii  with  water. 

Potassium  hydroxide  is  a  white  solid  substance,  very  deliqneseent,  and 
soluble  in  water;  alcohol  also  dissolves  it  freely,  which  is  the  ease  w 
comparatively  few  |H)tnssiuincoiii|iounds  ;  the  solid  hydroxide  of  commer 
which  is  very  impure,  may  thus  be  purified.  The  solution  of  Ibis  su 
stance  possessi-s,  in  the  very  highest  degri-e,  the  properties  terme<i  alka- 
Jine:  it  restores  the  lilue  color  to  litmus  wliich  has  been  reddened  by  au 
aciii  ;  neutralizes  completely  the  most  powerful  acids  ;  lia.s  a  naustsins  ai 
]ieculiar  taste  ;  and  dissolves  the  skin,  and  many  other  organiu  matte 
when  the  latter  are  subjected  to  its  action.  It  is  frequently  used  by  sut- 
g-mna  aa  it  caiUvry,  being  moulded  inte  little  sticks  for  that  purpoaa. 
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IMMMtam  hydrozi(l«,  both  in  thi<  solid  state  and  in  lolntion,  rapidly 
ikMrIa  rorbonic  &cid  from  tlio  air :  honcu  it  must  Iw  kept  in  closely  stopped 
Uflbii       Wbi-n  iiupi'rfi'itl.v  prcpari-il,  ur  partiuUv  ullcrwl  li_v  t:x|.»iMure,  if 
riUi   an   acid.     U  in  nut  dvcoiu])U!>(il   by  haul,  but  vulatilizuii 


■■i1— liiw  d  at  a  very  bigh  tL-nipcrntiirc. 
Tit*  fuloirini 


ring  table  of  t\w  deniiities  and  value  in  anbydroui*  pota-isium 
oU*,  E,0,  of  difTerent  solutions  of  potassium  hydrozida  is  givun  un  tb» 
Mtffcority  of  Dklton : — 


Dmatr. 

Percentage  of 
K.O. 

Deailtf. 

Percentnee  of 

1.68 

.       51.2 

1.33 

.       2«.3 

1.90 

.       46.7 

1.28 

.       23.4 

1,53 

.      42.9 

1.23 

.       19.5 

1.47 

.       3».0 

l.lii 

l(i.2 

1.44 

.       3U.8 

i.ir> 

.       13.0 

1.42 

.      34.4 

1.11 

9.5 

1.39 

.       32.4 

LOG 

4.7 

1.16 

.       29.4 

Petaaslam  Nitrate;  Xiii-e;  fvihpelrr.,  KNO,  =  NO,(OK).— Tliis  im- 
poriaut  t«>iii|>->iiii'l  \i  a  natural  prixluct,  boliij,'  di>jvU|;a^tHl  by  a  kin<l  uf 
•Qrm'vi-iK'^-  friiiu  ttit-  Mirfnoc  of  tlie  soil  in  certain  dry  and  hut  ouuntries. 
It  our  >l.4«  l>»  ]>r<Hluee<l  by  artificial  means,  nuncly,  by  the  oxidation  of 
■nuiiiinia  in  prf5»rno«  i>f  a  piiwcrfnl  base. 

la  Fr»m'<',  large  quantitira  of  artificial  nitre  are  prepared  by  mixing 
■afaaal  rvfust<  of  all  kiniU  with  old  mortar  or  slakeil  lime  and  earth,  and 
pl«<<m  the  mixture  in  bi'jipi<,  prol<>oted  from  the  rain  by  a  roof,  but  freely 
rspoaed  to  the  air.  Krom  time  Ui  time  the  heaps  are  watered  with  i)utrid 
•riMi,  mrul  the  mass  is  turnwl  over,  to  exixwe  fresh  surfaces  to  the  nir. 
Wbea  tnii.'ii  salt  lins  been  formed,  the  mixture  is  lixiviat<ii,  and  the  .solu- 
(jAn  wi...  I,  c.iiiiiiis  calcium  nitrate,  is  mixed  with  jKitassium  carlionate; 
o  is  formeil,  and  tlie  nitric  aeid  transferred  to  the  alkali. 

Ti.  .  ion  is  then  ma^le  to  eryslalliip,  and  the  crystals  are  puri- 

Wt  hf  rn-.-uji  u  Lion  and  crystallization,  the  liquid  being  stirred  to  prevent 
ittm  form !»•  ion  of  large  crystals. 

"r  part  of  the  nitre  used  in  this  country  comes  from  India;  it 
:  in  water,  a  little  potassium  carbonate  is  added  to  precipitate 
:^"n  the  salt  is  purified  as  above. 

•  ttle  (juaiitities  of  nitre  are  now  mannfactured  by  decomposing 
,    1  lu  nilrate  (Chile  saltpetre)  with  carlHinate  or  chlnridc  of  jKttoa- 

In  Uiilgium  the  potassium  carbonatti  obt.-iined  from  the  ashes  of  the 
!  fiiiar  manufactories  is  largely  used  for  this  purpose ;  the  ptitassium 
ji  I-  prepared  is  very  pure,  and  is  produewl  at  a  low  j)riee. 

•  1  nitrate  crystallizes  in  anhydrous  six-sided  prisms,  with  dihe- 
-  ;iuiiiits,  In-longing  to  the  rhombic  or  trimetric  system:  it  is  soluble 

(..iri^  .if  water  at  1,'i.ri'J  (.".  ((iOO  K.),  and  in  its  own  weight  of  iKHling 
■it   r.     Ii ..  taste  is  saline  and  oooling,  and  it  is  without  action  on  vegetable 
.!..(-..    It  lu'-lts  ot  a  temperature  below  redness,  and  is  completely  deuom- 
^>^.'  1  liv  a  strong  heat. 

Wbeai  it  is  thrown  on  the  surface  of  m.iny  metals  in  a  state  of  fusion,  or 
miX'-^  with  combustible  matter  and  hejited,  rapid  oxidation  ensues,  at  the 
f>  :  lie  oxygen  of  the  nitric  aeid.     Kxainples  of  such  mixtures  are 

f  iimon  gunpowder,  and  in  nearly  all  pyrotechnic  comjMisitions, 

wuicn  I'lirii  in  this  manner  Independently  of  the  oxygen  of  the  air,  and 
•rm  under  water.  Gunpowder  is  made  by  very  intimately  mixing  toge- 
ttivr  putaHsium  nitrate,  cbarcoal,  and  sulphur,  in  proportions  vUich  ap- 
praMB  2  oiole«ules  of  nitre,  3  atoms  of  carbon,  and  1  atom  of  snlphut 
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Thtae  quantities  give,  reckoned  to  100  parts,  and  compnred  with 
projioi'tious  UM'd  in  tlic  nuinufactor«<  of  the  Knglifih  (rorerDiuunt  powd 
tiie  fiilluwing  results  ; — 


Potassium  nitrato 
Charixial 
Sulphur  . 


loo.o 


Proportion* 
iu  practice. 

76 

15 

10 

KKI 


The  nitre  is  rendered  very  pure  by  the  moans  already  mentioned, 
from  water  by  fusion,  and  );ruund  to  tine  powder ;  the  sulphur  and  ch 
eoal,  tbu  latti-r  being  uiiule  from  li).-lit  wmxl,  a»  dogwiMxl  or  alder,  are  i 
liuely  gi-ouiid,  aft<'r  which  the  materials  are  weighed  out,  moistened 
water,  and  thoroughly  mixed  by  grinding  under  an  edge-mill.     The  1 
is  then  subjected  to  great  pressure,  and  the  miU-oake  thus  pnxluoed  br 
in  pitHX!S,  and  placed  iu  sieves  made  of  perforated  vellum,  moved  by  I 
chinery,  each  containing,  in  addition,  a  round  piece  of  heavy  wood, 
grains  of  powder  broken  otf  by  attrition  fntl  thrimgh  the  holes  iu  the  all 
and  are  easily  separated  froui  itie  dust  by  sifting.     The  |H>wder  is,  lu^ 
dried   by  exposure   to  steaiu-bi'at,  .and  sometimes  glazed  or   polished 
ogilHtiou  in  a  kind  of  cask  moiinled  on  an  axis. 

It  was  formerly  supixisid  that  when  guupowder  is  flred,  the  wholel 
the  oxygen  of  the  potassium  nitrate  was  transferred  to  the  carbon,  fomiT 
oarUm  dioxide,  the  sulphur  combining  with  the  ]>otnr'siuni,  and  the  ni^ 
gen  being  set  free.     There  is  no  doubt  that  this  reaction  does  take  plao 
a  considerable  extent,  and  that  the  large  volume  of  gas  thus  produced, 
still  further  expanded  by  the  very  high  teuii>erutnre,  sufficiently  accoan(«| 
the  explosive  elh-iLs.     Kut  recent  iincstigations  by  Uunseii,  Karolyi, 
others,  have  shown   that  the  artual    prcKtucts  of  the  combustion  of  ^ 
powder   are  much  more  complirnled  thnu  this  the<jry  would    indicate) 
very  large  nuuitier  of  products  iK'itig   formed,  and  a  considerable  pon 
of  the  oxygen  being  transferrwl  to  tlie  pota-ssium  sulphide,  convertin 
into  sulphate,   which,    in  fact,    constitutes  the  chief  portion  of  the 
resiilue  and  of  the  smoke  formed  by  the  explosion.* 

PotaBsium  Chlorate,  KCIO,  =  nO,(OK).— The  theory  of  the 
tion  of  i^lihiric  acid   by  the  action  of  chlorine  gas  on  a  solution  of  cau 
pottthh,  has  Ix-en  already  explained  (p.  IM).     Chlorine  pas  is  condoo 
by  a  wide  tul>e  into  a  strong  and  warm  solution  of  potassium  carhona 
until  alisorplion  of  the  gas  ceases  ;  and  the  liquid  is,  if  nwessary,  cvap 
ratiil,  and  then  K'ft  t4>  cool,  in  order  that  the  slightly  soluble  chlorate  : 
crystaltiie  out.     The  mother-liquor  alTords  a  second  crop  of  crystals, 
they  are  much  more  cont.aminated  with  potassium  chloride.     It  may  I 
puriiieil  by  one  or  two  re-crystallizations. 

Potassium  chlorate  is  soluble  in  alniut  20  parts  of  cold  and  2  of  l>oilin| 
water:  the  crystals  are  anhydrous.  Hat,  and  tabular;  in  taste  it  some- 
what resembles  nitre.  When  heated  it  givi-s  off  the  whole  of  its  oxyiten 
OS  gas  and  leaves  potassium  chloride.  By  arresting  the  deLtimiKxsitinn 
when  the  evolution  of  gas  begins  to  slacken,  and  redissolving  the  salt, 
potassium  i>erclilorate  and  chb>ri>le  may  Ix'  obtaini-d. 

This  salt  deflagrates  violently  with  combustible  matter,  explosion  often 
occurring  by  friction  or  blows.     When  aUint  one  grain-weight  of  chloB 
and  an  equal  quantity  of  sulphur  are  rubbed  iu  a  mortar,  the  mixture  i 

•  See  Walti'B  Dlotlooary  of  Gbroilitrjr,  vol.  It.  p.  S68. 
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I  witTi  a  loud  reoort ;  h«nc«  it  cannot  be  used  in  the  preparation  of 
Uf-  '.i-iui  of  the  iiitratp.     Potossiiim  chlornti*  is  now  a  latgf  nrli- 

Vl  ',  iH'in;;  ••mplo.riHl,  togi'lliirr  witli  pliintjilioruti,  iu  milking  iu- 

nliUi«oiu>-liglit  uiatclii-s. 

Po=  1   Perchlorate,   KCIO,  =  C10,(0I0.— Tliis  salt    lias    Iwi-n 

Iftlrv  ■  iiniltT  thi'  lu'jui  of  iMTcliloric  acid.     It  i«  li«.t  pri'iiarrd  (i_v 

•  •  •!  ]<nta»>i\im  tOiIomti.'   into  warm  nilrio  acid,  w lien  llio 
vinI  into  pi-rcliloric  arid,  olilorini.'  and  nxyspn.     Tliu 
in  tli>-  nilratv  hy  crystalliiation.     I'otasKinni  jKTdilo 
to  IB  »  Mi'Tj  hligiitly  Boliible  salt :  it  ri'<iuini»  Rd  partK  of  cold  wntrr,  liiit 
ouirc  fr«-ly  taken  np  at  n  tailing  heat.     The  crystals  are  «iniall,  and 
llic  figure  uf  an  octohedron  with  i<4uare  base.     It  is  deoompoHtid  by 
in  Ui«-  tianx*  manner  a»  tlie  chlorate. 

PotasaJnm  Carbonate*. — I'otasgium  forms  two  veU-defined  carbon- 
F,  iLaiui  ly,  u  u>>uuiU  ur  uculral  corlionate,  K,C(J„  and  on  acid  sAlt  con- 
Linins;  KIIC*.',. 

_^tiriuil  j—t'iwiim  curbonale,  or  Dipotannir  nirlimmtr,  K,COjS»rO(OK),  =i 
[^0,..^rotassium  salts  of  vegetable   acidN  are  of  lonKtant  (K'currence 
»U,  )ti  the  economy  of  wliicli  they  perfonu  important,  bnt  not  yet 
■  I   fnnctionB.     The  jiotassinm  i»  derived  from  thi-  noil, 
II  I  l«  of  nupporting  vegetable  life,  always  contains  that 

»  IK  II  plant!)  are  burm-d,  the  organic  acidH  are  destroyed,  and 
iavsium  i»  left  in  the  Htate  uf  carlKinate. 
|j^  tl,.  .,■   Hnlirect  means  that  the  carbiinate,  and  thence  nearly  all 
111,  are  olLnined.     The  great  natural  depository  of  the 
flf  ^  ir  of  j;rnnitic  and  other  nnstratified  rocks,  where  it  is 

|llM>d  »itli  Biljca,  and  in  an  insoluble  stale.     The  extraction  thence  is 
i!(k1  with  (jTcal  dilficultits,  and  manv  attempts  at  manufacturing  it  on 
rv  scale  from  this  source  have  failed  ;   but  experiments  recently  made 
IT.  T.  O.  Want  apjx'ar  to  indicate  that  the  ol>jcct  may  \k  accomplislie<l 
sing  pota*sic  rocks  with  a  mixture  of  calcium  carlionate  and  Duoiiile. 
are,  however,  natural   proci'sses   at  work,  by  which   the  i>ola»h  is 
.  ■!..  1...:,..,  .  litninated  from  these  rocks.     I'nder  the  inlluence  of  al- 
ii these  rocks  disintegrate  into  soils,  and  as  the  alkali 

j,(j  ,  it  is  gradually  taken  up  by  jilants,  and  accuiiiulalcs 

^liieir  sul»t*oo«j  in  a  oondiUon  highly  favorable  to  its  subsequent  appli- 
-xlinnx. 

fam-saltn  are  always  most  abundant  in  the  green  and  tender  parts 

,T«  may  lie  cxjireted,  sin<-«  frtini  these,  evajioration  of  nearly  pure 

^.  •  1  a  large  uxtent :  the  solid  timlier  of  forest  trees  contains 

,^  . ...  .^alt  on  an  extensive  scale,  the  ashes  are  subjected  to  a 

_ilc<riixiviatli>n  :  they  are  put  into  a  large  cask  or  tun,  hoving, 

liiittoui,  an  aiR-rlnrc  slopped  by  a  plug,  and  a  quantity  of  water 

IiImI.     .Sfler  some   houm   the   liquid   is   drawn   off,    ond   more   water 

that    the  whole    of   the   soluble    matter    may    be   removed.     The 

[•olutions  are  jmured  ujion   fresh  iiuanlitii'S  of  ash,  in   place  of 

^le  solutions  are  then  evaporaled  to  drynws,  and  the  residue  i3 

,V  ;i  little  brown  organic  matter  :  the  product  is  the  crude 

of  couiin-Tee,  of  wliich  very  large  quantities  are  oli- 

:.:i.l   .America.     Tbo  salt  is  very  impure:    it  contains 

nt«,  chloride,  etc. 

IU  carlKinate  of  pharmacy  is  prepared   from  the 
i  ,^  ;  KD   equal  weight  of  cold  water,   agiUUng  ^^^^ 

II,,  ign  salts  are.  from  fhcir  inferior  decree  ot  aoV« 
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bility,  left  behind.     Tli«  aolutioD  is  then  boiled  down  to  a  Terr  «n 
bulk,  and   K<f(   to  rool,  when  the  carlionalv  svporatm   in   small  rrytt 
contniniiig  2  iiiolwuli-s  of  nat«r,  K,<°0,.l!M,U ;  tLiw  ure  drAiuiHl  (nuu 
niollit^r-llijiior,  aiid  tlicn  dried  iu  a  stove. 

A  »till   |.iuri-r  suit  may  be  obtained  by  expm'mg  to  a  red  hi.-iit  pnr 
cream  of  Inrlnr  (add   |>ot»«sium   tartrate),  and  He|iarulin^  tUn  8ft 
bjf  solution  iu  water  and  erystnllination,  or  evaj>oratioii  Id  dryneM. 

1'ota.Msiuni  carbonate  is  exlreuiilv  dilicjuesoeut,  and  soluble  in  III 
itn  own  weiglit  of  water  :  the  aoltiliuii  ih  lii);lily  alkaline  to  trst-pa 
is  inHiiliihle  in  nicoliol.     By  heal  llie  water  of  er.vstalli«.itioii  is  dr 
and  by  a  temperature  of  full  ignition  the  salt  is  fused,  but  nut  olliei 
olianged.     This  substance  is  largely  used  in  the  arts,  and  is  a  coni|Mi| 
of  Kfeal  importance. 

Arift  iKiUtwnm  rtirbonatf.,  J/^lfntjen  and  potauium  tnrhonal^f  or  A/uwipata 
cartmmttr,  KHt't*, ;   e<imnionly  ealle»l  hinirfmtiati^  of  ttottith, — \V1  > 
of  oarlxinic  acid  i(aa  is  paHseil  throu^h  a  ivld  solution  of  [' 

bunnte,  the  gas  is  rajiidly  absorl»>d,  au<l  a  while,  crystalline,  ,  i 

sulistanoe  sepnraliii,  which   is  the  acid  salt.     It  is  iiilli><te<l,  pr«iiseU,J 
dissolve<l  in  warm  water,  and  the  solution  is  b'ft  to  crystallize. 

Acid  |iota.<iNiuui  carlMinate  is  much  leas  soluble  than  the  normal 
iKinate,  riM|uirinK  4  parts  of  wbl  water  to  dissolve  it.  The  solution 
nearly  neutral  to  test-pap<-r,  and  lias  a  much  milder  taste  than  the  nor 
salt.  When  Ijoihrd  it  givt«  olT  carlsui  dioxide.  The  crystals,  which 
lar^ie  and  iK'autiful,  derive  their  Torm  from  a  momK-linic  prism:  ihwy  i 
decouiiMisi-d  by  hiMl,  water  and  carUm  dioxide  hein((  evolved,  and  non 
rarbouate  left  behind  : — 

2KHC0,  mm  KjCO,  +  n,o  4-  CO, . 

Potaaslum  Bolphate*. — rotat<.<<inm  forms  a  uornutl  or  neutral 
phate,  two  acid  iul|ihat>-<^,  and  an  anhydrosuluhate. 

Anniuil   jtoftiuium    ffu/yj/wife,   or    LUjintniitic    kUiit/Mtr,    K,SO,  =  80j(0K)|l 
K,O.SU,,  is  obtained  by  neutralizing  the  acid   residue  b'ft   in  the  rel 
when  nitric  acid  is  prepared,  with  crude  potivtsium  carUuiate.     The  sol 
tion  yields,  on  cooling,  hard,  transparent  crystals  of  the  neutral  sulpha 
which  may  be  re-di»»oIved  in  boiling  water,  and  re-crystalli«ed. 

Potajisium  sulphate  is  solulile  in  alsiut  III  parta  of  colil,  anil  In  a  Ufl 
smaller  quantity  of  lioiling  water  :  it  h.ts  a  bitter  tast4<,  and  is  neiitml  > 
tcst-paiMT.  The  crystals  are  combinations  of  rhombic  pyramlils 
prisms,  much  resembling  those  of  iiuartJt  in  figure  ami  ap|M-aranie  :  th 
arc  anhydrous,  and  decrepitate  when  auiblenly  heatwl,  wliiili  Is  often  the 
case  with  salts  containing  no  water  of  crystallization.  They  arn  qnitn 
insoluble  in  alcohol. 

AcitJ  potanfiuin  mi/Ante^  flwlmm-n  ami  ftotatmum  ntlpholf,  *»r   M*^^'*j>^n*w 
«u//./ki/<:,  KlLSt I,  =  SO,(<>K)((lH),  wimmonly  called  ii««//' 
To  obt.-un  this  salt  the  neutral  sulphate  in  powder  is  nn 
weight  of  oil  of  vitriol,  and   the  wrhol"  eTa]virati-d   quii 
plallnnm  vessel   placisl  under  a  chimney  :   (he  fuieil  ^ 
hot  water  and  left  to  crystallize.     The  crystals  have  the  ii,.    . 
rhombic  prisms,  and  are  much  more  soluble  than  thi>  neutral 
Ing  only  twice  their  weight  of  water  at  15.60  C.  (fliio  p.),  «„,, 
half  that  quantity  at  lOiys  C.  (212^  H.).    The  solution  has  asour  la«l»  t 
glrmglv  acl<i  re.tc.tion. 

r.     '  ■        •       •   ■  '•         •   ■  —  r-       ■     :      ■    -       ,   - 

sul, 

rilrinl  in  a  fmall  quantity  of  wann  distilint  watur,  and  Iwavlng  lh«  •')^ 
Ijon  to  cml. 
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^nl^'hate  crystalliiea  out  in  Ion);  implicate  needles,  which  if  li-fl 
'  in  the  mothi^r-liquur  <li8ui>|>fur,  nud  give  place  to  rr;8tjils| 

■icid  8ul]iliati'  slmve  (itanrilx^i.     This  Ksit  is  dt<c'(iui)MKit'il| 
Mty  of  water,  and  iit  couvrrtt-d  l>.v  strong  fuming  6iil|iliuria  ] 
;  "roMic  pt/romiliiltutr,   KHS,<),,  wliiuli  crvstnllizus  in   irnns-  ' 

;  Thf   neutral  pyrosulpliale  in   fine  powder,  heated  with 

1  ition  of  putju:tium  lirdmsulphide,  is  couverte<l  into  sul- 

ulphate,  with  eviilutiun  of  hydrogen  sulphide: — 

-■^jO,  -I-  2KHS  =  K,SO,  +  K,S,0,  +  H,S  . 

Potaaslam  Sulphides. — Pota<isium  heated  in  sulphnr  vapor  bnms  1 
»i;li  grral  iirilli.im y.     It  unites  with  sulphnr  in  five  different  projmrtions, 
ferming   the  coiuixninda  KjS,  K^,  K^,,  K,S,,  K,Sj ;  also  a  liydrusulphide 
«r»nlphx<irate,  KIIS. 

ilfmntalpSiiir ,  K^. — It  is  donhtful  whether  (his  compound  has  be<-n  iib- 
tlilwd  in  the  pure  fctate.  It  in  commonly  said  to  Ix'  produced  by  heating 
pouwiuiii  sulphate  in  a  current  of  dry  hydrogen,  or  l>y  igniting  the  same 
»4lt  in  a  covereil  vessel  with  finely-divided  charcoal  ;  but,  acwirding  to 
ilaaer,  aac  of  Ihr  higher  sulphides  is  always  foruu-d  at  the  snuie  time, 
IfqMheT  with  oxide  of  |H>tas!<liuu.  The  pr<Kluol  has  a  reddish-yellow 
oMiir,  i»  deliquescent,  and  acts  as  a  caustic  on  the  skin.  When  iMittusium 
Mlptiste  is  heated  in  a  tx>vcr<Hi  crucible  with  excess  of  lauip-hlnck,  n  iiiix- 
tur.-.r  M'laKSium  sulphide  ami  linely-divided  carlnm  is  olitaiued,  which 
t-  I •outaneously  on  coming  in  contact  with  the  air.     The  uionosul- 

]  I  .1  perhaps  lie  obtained  pure  by  heating  1  molecule  of  ^totussium 

tui; M   .  li- ,'.-,  KHS,  with  1  atom  of  the  metal. 

\'>  I  '    ;    -iilphydric  acid  gas  is  passed  to  saturation  into  a  solution  of 
ji-i       j-.t/uih,  a  solution  of  the  sulphydrate  is  obtaine<l,  which  is  color- 
—    i:  :.r-!.  but,  if  ex|><i«<^l  to  the  air,  quickly  alisorlw  oxygen,  and  turns 
I  -I!  » ,  iu  coiistMiuence  of  the  formatiiui  of  bisulphide  ;-^ 

2KH3  +  O  1=  K,S,  +  H,0. 

If  •  solntion  of  potash  Iw  divided  into  two  parts,  one-half  saturated 
Tilti  hydrogen  sulphide,  ami  then  mixed  with  the  oilier,  a  solution  is 
fciiiiiiii  which  may  ouutaiu  |)ota&sium  monusulphide  : — 

KHS  -f  KHO  =  K^  +  H,0. 

Fnt  it  is  alao  possible  that  the  hydroxide  and  hydrosulphidc  may  mix  with- 

'itual  decomposition.     The  solution,  when   mixi^d  with  one  of  the 

•r  acids,  gives  off  hydrogen  sulphide  without  dei>osition  of  sulphur, 

iiliich  is  consistent  with  either  view  of  its  ctmstitulion. 

I'littir,  Kp<,,  is  formed,  as  already  observi-d,  on  exposing  a  solu- 

hydrosulphidc  to  the  air  till  it  begins  to  show  turbidity.     By 

i  in  a  vacuum,  it  is  obtained  as  an  urntige-oolored,  easily  fusible 

innilphiHr.  KjS,,  is  obtained   by   passing  the  vapor  of  oarimn  bi- 
de over  ignited   potassium  carbonate,  as  long  oa  gaa  oontinues  to 

2K,CO,  -f  3CS,  s  2KA  +400  +  CO^ 

Also.  log<etheT  with  potasslnra  sulphat<>,  forming  one  of  the  mixtnres  called 
'  talpkur,  by  nx-lting  552  parts  (4  molecules)  of  potassium  carbonate 
•  2U  parts  (10  atoms)  of  sulphur: — 

-»V"'\  +  ^n  =  ^r^\  +  3K^,  +  4C0,. 
26 
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The  tttraailphide,  K,S,,  is  formed  by  redncing  potassium  Rnlphate  »rHl 
the  vajMir  of  enrtxm  bimilpliidi". 

Till-  itrntnsuliiliiilr,  KjS,,  is  (oi  iikhI  Uj  Iwilinp  a  solution  of  any  of  tlir  pr 
oediiiK  siilphidfs.  with  rxcess  of  »iilpliur  till  it  is  satiirat<>d,  or  l)y  fiiMH 
I'ithrr  of  them  in  the  ilry  state  with  siilpliur.  Thp  exoess  of  sulphur  th« 
gepariites  an<l  Hoata  alwivi-  tlu-  dark-hrown  pt'nta«ulpUi<ti-. 

Liirr  iif  tuliihiir,  or  lu/Hir  milii/nirin,  is  a  naiiio  givi-n  to  a  brownish  iu| 
dtancv,  souiftiint-s  usud  in  mctlicini-,  made  by  fusing  log«tfaer  dilfereut  pr 
portions  of  potassium  carlionate  and  sulphur.     It  is  a  variabh'  mixture  i 
the  two  higher  sulphides  with  thiosulphate  and  sulphate  uf  (lutassium. 

When  equal  parts  of  sulphur  ainl  dry  |Hita.»sium  carlionate  are  melt 
together  at  a  temperature  not  exceeding  '2My-  ('.  (4820  K.),  the  deoomf 
sition  of  the  salt  is  quite  complete,  and  all  the  carlKin  dioxide  is  exjxillu 
The  fused  mass  dissolves  in  water,  with  the  exivption  of  a  little  mechanf 
oally  mixed  sulphur,  with  dark-hruwii  color,  and  the  solution  is  found  to 
oontaiu  nothing  besides  pentasulpbiile  aud  thiosulphale  uf  potassium  : — 

3K,0  +  S„  a.  2K^i  +  K^,0,. 

When  the  mixtnrri  has  been  exjxwed  t<>  a  tem[)orature  approaching  t)i| 
of  ignition,  Ik  is  found,  on  the  contrary,  to  nuituin  potassium  sulphati 
•riaing  from  the  deeomposltiim  uf  the  thiosulphate  which  theu  occurs  : 

4K,S,0,  =  K^i  +  3K^0,. 

Prom  both  thes(>  mixtures  the  potassium  pentasnlphide  may  be  extract 

by  aVniliol,  in  which  it  dissolves. 

When  the  carUuiale  is  fused  with  half  its  weight  of  sulphatx  onlj 
the  trisulpliide  is  produced,  as  above  indicated,  instead  of  the  pent 
sulphide. 

The  elTerts  described  happen  in  the  same  manner  when  potassium 
hydroxide  is  substituted  for  the  carlionate;  also,  when  a  solution  of  the 
hydroxide  is  boiled  with  sulphur,  a  mixture  of  sulphide  aud  thiusulpb«t« 
Always  results.  ^1 


Potassium  salts  are  colorless  when  not  associated  with  a  colored  metxlUo 
oxide  or  aciil.  They  are  all  iu<ire  or  less  soluble  in  water,  aud  may  be  dis- 
tinguislieil  by  the  following  charact4-rs  : —  ^M 

(1)  tf^ilution  of  turtiiric  arij,  added  in  excess  to  a  moderately  strong  soll(^| 
tion  of  a  potassium-salt,  givi>s,  after  some  time,  a  white  crystalline   pro- 
cipitnte  of  cream  of   tartar ;    the    eflTcct    is    greatly    promoted    by  strong 
agitation. 

(2)  Solution  of  plalinic  Mnriilr,  with  a  little  hydrochloric  acid,  if  neces- 
sary, gives,  under  similar  circumstances,  a  crystalline  yellow  precipitate, 
which  is  a  double  salt  of  pintiuum  tetrachloride  aud  potassium  chloride. 
Both  this  oom|wund  and  cream  of  tartar  are,  however,  soluble  iu  about 
60  parts  of  cold  water.  An  addition  of  alcohol  increases  the  delicacy  uf 
both  tMU. 

(3)  PfrMortc  acid,  and  slllcuftuurlf  acid,  give  rise  to  slightly  soluble  white 
precipitates  when  added  to  a  potiissiiiui-sult. 

(4)  Potassium  salts  usually  color  the  outer  blow-pipe  flame  purple  or 
violet ;  this  reaction  is  clearly  perceptible  only  when  the  potassiam-solts 
are  pure. 

(5)  The  spectral  phenomena  exhibited  by  potassium  compounds  are 
mentiunud  at  page  b7. 


SUDIL'M. 


SODrUM. 

Atomte  weight,  :a.    Symbol,  Nil  (Xstrlum). 

iV»pui»  i«  a  Terjr  abuiidniit  clement,  and  very  widely  diffused.     It  occnrs 

:.\ntities  aa  chloride,  in  rock-salt,  sea-water,  sall-aprings,  mid 

mineral   wafers  ;    more  rarely  :is  curlKinate,  Imrate,  and  Bul- 

i  iiition  or  in  tlie  solid  otate,  and  ail  vilicntv  in  many  minerals. 

•  liura  was  obtained  by  Davy  soon  after  the  discovery  of  [H>tas- 

I: ^  .y  a  similar  means.     Oay-Lussav  and  Thenard  afternarda  pre- 

{un-'l  It  liy  decomponing  vodiutn  hydroxide  with  metallic  iron  at  a  whito 
h"a?  •.  iTii  Brunner  showeil  that  it  may  lie  prepared  with  much  greater 
(.'  u^tilling  a  mixture  of  Hodium  carbonate  and  charcoal. 

^ration  of  sodinm  by  this  last-meiitione<l  process  is  much  eaiiier 
I'  (xjt.'Uiiium,  not  Ix'ing  eomplioated,  or  irily  to  a  xli^lit  extent, 

t.  .lion  of  beeonilary  pr(Hlui.'t<i.     Within  the  la-st  few  year.s  it  has 

b-  ..  ,  ,  .r.iy  improved  by  Devillo  and  others,  and  carried  oat  on  the 

nuaufi  lie,  sodium  beiu;;  now  employed  in  wmsiderable  quantity 

u  *  ri- 1  .      .   rit,  espt>cially  in  the  manufacture  of  alumiuiuin  and  mag- 

anium,  and  in  the  silver  amalgam-ttion  pr<KxtiH. 

T!i>-  ^ifUnm  carbonate  nsed  for  the  preparation  ia  prepared  by  calcining 
t'i  Ii/lxI   neutr.tl    carlionnle.     It  must  be  thoroughly  dried,  then 

1>  111   mixed  with  a  slight  exoe«n  of  pounile<l  charcoal  or  coal. 

An  iiwi'iiir.-  Hutetanoe,  riz.,  poanilol  chalk,  is  also  added  to  keep  the  mis- 
turf  in  a  p.vity  conditiim  during  the  0]H-ration,  and  prevent  the  fused 
•ulium  ctrtxmate  from  separating  from  tlie  charcoal.  The  following  are 
the  propxrtiutu  reoommeudud  by  Duville  ;— 

Par  L/ihomtory  Operalioia.  I         Par  Mitnu/hftiiriiig  Oprralions, 

■  •■>liam  carlnnnte   .     717  parts.    Dry  sixlium  carlwnate    ,     30  kilogr, 

Citalk    . 
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Coal 
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Thcan  materials  must  be  very  intimately  mixed  by  pounding  and  sifting, 
■d  it  is  advantageous  to  calcine  the  mixture  before  iutroducing  it  into 
IktAiatiliiiij^  apparatus,  provided  the  calcination  can  be  «<recte<i  by  the 
■atte  heat  of  a  farn.v.'e ;  the  mixture  is  thereby  rendered  more  corai>act, 
w  Ittat  a  much  largar  quantity  can  be  introduced  into  a  vessel  of  given 

iU>i. 

The  distillation   Is   p«"rforrai>d,  on  the  laboratory  scale.  In   a  nierenry 

InUie  hdted  exactly  in  the  manner  descrilied  for  the  preparation  of  imiIiis- 

iJum.     Kiir  manufacturing  operations,  the  mixture  is  intro<tuced  into  iron 

e/lioders,  which  are  heated  in  a  reverljeratory  furna<-«,  and  so  arrangi-d 

tint,  at  the  end   of  the  distillation,  the  exhaustwl  charge  may  be  with- 

:inJ  a  fresh  charge  introduced,  without  displacing  the  cylinders  or 

_•  out  the  fire.     The  receivers  uskhI  in  either  case  are  the  same  in 

'id  dimensiona  aa  those  employed  in  the  preparation  of  ixitoHsium 

-  ■  ')■ 

•  11  the  prn<vsa  goes  on  well,  the  srHlium  eollw-ted  In  the  receivers  Is 
(lurr  ;  it  may  lie  compli'ti-ly  purilled  by  melting  it  under  a  thin 
'!  polroleam.  This  liquid  is  decantol  as  soon  as  the  smlium  bi<eomes 
■ '  r  fluid,  and  the  metal  is  run  into  moulds  like  those  used  for  casting 
'  <ine. 
budiam  i*  a  sdrer-whito  metal,  greatly  resembling  potaMtum  In  eveTy 
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ri'<i]>(!ot.     lU  Bpociflc  gravity  is  0.072.     It  is  soft  at  common  tcmperatnre 
lufll:)  nt  37. (P  C  (io7."  '  v.),  anil  oxiilizes  very  rajiidly  in  tlie  air.     Wl»« 
jila«"(l  on  the  8urfa<!i-  uf  ci>l(i  watiT,  it  dofOmposL-s   Ihut  lic|iiid  with  gre 
violcncr,  \ml  si>l(liiin  tiiki'S  lire  iinlc-SB  tlin  motions  of  llie  fragment  aro  i 
Btrninecl,  ami  its  rapid  cooling  is  diminislied  by  ailding  guni  or  starch 
th»  natrr.     Willi  liot  water  it  takes   fire  nt  once,  burning  with  a  bright 
yell<iw  (lame,  and  producing  a  solution  of  soda. 

Sodium  Chloride  ;  Common  Salt,  Nat 'I. — This  very  important  sa|^ 
stance  is  found  in  many  parts  of  tlie  world  in  solid  beds  or  irregular  stra 
of  immense  thivkn(;ss,  as   iu   Clieisliire,  Spain,  Ualicia,  and  many   otL 
localities.     An  inexhaustible  suj>ply  exists  also  in  the  waters  of  the  i 
and  large  quantities  are  obtainml  from  saline  springs. 

Rock-salt  is  almost  always  too  iui|)ure  for  use.  If  nn  natural 
spring  exists,  an  artilicial  one  is  formed  by  sinking  a  shaft  into  the  roc^ 
salt,  and,  if  necessary,  inlnxlHring  water.  This  when  saturated  is  |>iim|. 
up,  and  evaporated  more  or  less  rapidly  in  large  ir<m  pans.  As  the 
separates,  it  U  removed  from  the  bottom  of  the  vt'ssel  by  means  of  a  scood 
pressed  while  still  moist  into  moulds,  and  then  transfemnl  to  the  dry  iiij 
stove.  Wlien  l.irge  crystals  are  required,  as  for  the  i-oarse-gr.ained  hag-i 
used  in  curing  provisions,  tlie  eva(>oratii>n  is  slowly  londucted.  Comu 
salt  is  apt  to  be  (<ont.'uii)nati-<l  with  magnesium  chloride. 

Sodium  chloride,  when  pure,  is  not  <lelitjnescent  in  moderately  dry  aij 
It  crystallizes  in  anhydn^us  cul>es,  which  aro  often  grouped  together  infi 
pyrumiils,  or  Blc|>«.      It  requires  alxiut  2^  parts  of  water  at  (it*^  K.  for  soli 
tion,  and  its  solubility  is  not  sensibly  inereiLsiil   by  beat  ;   it  dissolves  to 
some  extent  in  spirit  of  wine,  but  is  nearly  insoluble  in  absolute  alcohol. 
It  melts  at  a  red  heat,  and  is  volatile  at  a  still  higher  temperature.     Tt 
economical  uses  of  common  salt  are  well  kn<iwn. 

The  iiMliilf  mill  broiiiiite  uf  fHlinm  much  nsembli-  the  wrresponiling  pot« 
slum  eomi>ounds  :    they  crystallize   iu  cubos,  which  aro  anhydrous, 
very  sjluble  iu  water. 

Sodlnm  Oaddea. — Sodium   forms  a  monoxide  and  a  dioxide ;    also  j 
liydroxide  corresp<jndinK  with  the  former, 

Saliam  Monitriile,  or  Aiilii/rlroat  .'ioda,  iia,fl,  is  produced,  together  wit 
the  dioxide,  when  sixlium  bums  in  the  air,  and  may  be  obtained  pure  F 
exposing  the  dioxide  to  a  very  high  temperature;  or  by  heating  sodiuii 
liydroxide  with  an  etjuivalent  quantity  of  s<xliuni:  2N'alIU -(-  No, 
i!Na.jO  4-  li,-  It  is  a  gray  mass,  which  melts  at  a  r<Hl  heat,  and  volatilises 
with  diffliulty. 

Soiliam  I/iiilroxiilr,  or  Cautlic  .'>o4la,  NailO,  or  Na,t).II,<). — This  substano 
is  prepanil  by  dccoinjiosing  a  somewhat  dilute*  solution  of  sodium  oarlxill 
alo  with  calcium  hydroxide :  tho  description  of  the  process  employed  ifl 
the  case  of  potassium  hydroxide,  and  the  precautions  ni>ct«.sary,  applj 
word  for  word  to  that  of  stMlium  hydroxide. 

The  solid  hydroxiile  is  a  white  fusible  snlistance,  very  similar  in  proper 
ties  to  potassium  liydroxide.     it  is  deliquescent,  bat  dries  up  again 
a  time  in  consequence  of  the  absorption  of  carlwnie  acid.     The  solution  I 
highly  alkaline,  and  A  powerful  solvent  for  animal  matter:  it  is  used 
large  quantity  for  making  soap. 

The  strength  of  a  solution  of  raostio  soda  may  be  rougbly  dotermina 
from  a  kiiowU'dgo  of  ltd  density,  by  the  aid  of  the  folluwiug  table  draw 
up  by  l>allou :— 
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litJaam  />iari*,  N»,0,. — Sodium,  when  heateA  to  about  200°  C.  (3920 
t.)  m  s  TOrrent  of  dr/  air,  nbaorba  oxygen,  and  ib  converU-d  into  dioxide  ; 
Ihi*  satsUuice  ia  white,  but  bc-comes  yi-llow  n-hen  heatM,  which  tint  it 
ipitt  lakes  on  cooling.  It  dissnlvcsi  in  vrat<-r  without  dt-composition  :  the 
i^timi  BiAy  be  evajioratwl  umliT  thi'  rcwiviT  iif  the  air-i>unip,  and,  wlien 
•n&ri>-n<Iir  mmotmlraud,  dc]i«»itf  crystalline  plat<"s  h,"«vin{;  the  comiHwition 
These  crystals,  left  to  effloresce  over  oil  of  vitriol  for  nine 
c.  ihree-fourthg  of  their  water,  and  yield  another  hydrate  contain- 

ta<  y^JJjiUjn.     The  aqueous  solution  of  tiodiuni  dioxide  when  heated  on 
tke  wmt<T-balh,  is  dei«mpO!tod  into  oxygen  and  the  monoxide. 

Sodlam  ZVitrate,  NaNO,. — This  salt,  aometimes  called  Cubic  nitre,  or 
Jijrrtrt,  occurs  native,  and  in  ejiormoiw  quantity,  at  Tarapm-a,  in 
I'rru,  where  it  forms  a  ri-gular  bed,  of  great  extent,  alonj;  with 
oummon  i^alt,  and  remains  of  recent  sheila.  The  pure  Halt  com- 
maaij  eiTstollixea  in  rliomlmhcdrons,  resembling  those  of  calcareous  spar. 
It  la  4aUqu««ount,  and  very  soluble  in  water.  Sodium  nitrate  is  employed 
tar  DLkkinj  nitric  a<-id,  but  cannot  lie  used  for  gunpowder,  as  the  mixture 
boriM  m>  (lowly,  and  becomes  damp  in  the  air.  It  has  been  lately  u8e<l 
vitk  aaiDS  auiwesa  in  agriculture  as  a  superficial  manure  or  top-dressing  ; 
for  preparing  potassium  nitrate  (p.  297). 
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g^«^««n»  Carbonates. — The  Xfulral  or  Ditodic  Corbonntr,  Na,CO,.10n,O, 
mrnteoot  exclusively  obtained  from  the  ashes  of  sea-weeds,  and  of  plants, 
■■A  ■•  the  SalMiln  mdii,  which  grow  by  the  seaside,  or,  being  cultivated 
fe  aaitable  hxallties  for  the  purpose,  are  afterwards  subjected  to  inciuera- 
ti««.  The  barilla,  still  employeil  to  a  small  extent  in  soap-niaking,  is  thus 
ytatOMd  in  »<-Tural  places  on  the  coaiit  of  Spain,  as  at  Alicante,  Cartha- 
gona,  eXe.     That  made  in  Rrittany  is  calltMl  i-arrr. 

Sodium  carbonate  is  now  manufacturud  on  a  stupendous  scale  from  coro- 
Htm  aalt  by  a  serii-s  of  proceMi*>'S  which  raay  be  divideil  into  two  stages  :— 

(1)  Manufacture  of  sodium  .-iulphate,  or  salt-cake,  from  sodium  chloride 
(eoaamon  salt);  this  ia  calleil  the  salt-cake  pronws. 

(2)  Uanulactatv  of  sodium  carbonate,  or  soda-aab  ;  called  the  soda-ash 

(1)  SaJl-eatf  proceit. — This  process  consists  in  the  decompoiiition  of  com- 
atun  aalt  by  sulphuric  aiid,  and  is  effected  in  a  furnace  calleil  the  >«//- 
rait  jarmirr,  of  which  fig.  143  represents  a  section.  It  consist."  of  a  largo 
tnirTT^  iron  pan,  placed  In  the  centre,  and  healtnl  by  a  fire  underneath  ; 
.,.1    .>...  r.,nterH,  or  n-verlH-ratory  furnacei*,  placed  one  at  each  end,  and 

trthsof  which  the  saltis  completely  dewiraiKwed.     The  charge 
.      11  of  salt  is  first  pla-ed  in  the  iron  pan,  and  then  the  requisite 
fuanmy  ol  «ull)hurio  aoid  ia  allowed  to  pass  in  upon  it.     Uydruchlurio 
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a  :id  ia  evolved,  mid  escapes  through  a  flue,  with  tbu  prodnotB  of  ooml: 
tion,  into  towem  or  scrubbers,  filk-d  with  coke  and  bricks  moistcnod  ' 
a  stream  of  water ;  the  acid  vapors  nro  thus  condensed,  and  the  sn 
and  heated  air  pass  up  the  chimney.     After  the  mixture  of  salt  and  i 

Fig. !«. 


has  been  heated  in  the  iron  pan,  it  bi^ciiuies  converted  into  a  solid 
of  aoid  sodium  sulphate  and  uudeoomposed  sodium  chloride: — 

2Na(l  +  H,St\  >s  NaCl  -f  NaHSO,  +  IlCl. 

It  is  then  raked  nn  to  the  hrvTrtlis  of  the  furnaces  at  each  side  of  I 
decomposing  pan,  Hhcru  tli<>  Itjiiiir  .iml  lieatrd  air  of  the  fire  i»iiiplvte  I 
decomposition  into  neutral  sodium  sutphale  and  hydrochloric  acid : — 

NaCl  +  NallSO^  =  Na^O^  -\-  HCl. 

(2)   Soih-adi   prurrjit. — Tlic    snlphjite    is   next   re<luce<l  to  powder, 
mixed  with  an  oijual  w<'i),'lit  of  clialk  or  limestone,  and  half  as  much  dm 
coal,  iKith  ground  or  crushwi.     The  mixtun-  is  thrown  into  a  reverlierat 
furnace,  and  heulinl  to  fusion,  with  constant  stirrint;.     When  the  dec 
poiitinn  is  judgeil  complete,  the  melted  matter  is  raked  fr<jm  the  fumi 
into  an  iron  trough,  where  it  is  all<iw.'d  to  i<«il.     This  crude  jiroduct,  ealli 
blttrk  tinh  or  bnll-fuxlii ,  is  broken  njj  into  litllf  pi«M'es,  when  rtild,  and  lixlif 
ated  witli  cold  or  tepid  water.     Tin'  sc)hitt<>ii  is  cva^Miratwl  todryiu'ss, 
the  salt  calcined  with  a  little  sawdust  in  a  suitable  furnnc*.     The  prodl) 
is  the  Miilii  ash  or  Briluh  alkali  of  commerce,  which,  when  of  gixxl  qnalitt 

contains   from  43   to  h'i  per  cent,  of  anhydrous  soda,  NxjO,  partly  in       

state  of  carlM>uale,  and  partly  as  hydroxide,  the  remaimier  being  chieHy 
sodium  sulphate  and  common  salt,  with  occasional  traces  of  sulphite  or 
tliiosulphate,  and  also  cyanide  of  sodium.  Ily  dissolving  soda-ash  in  hot 
water,  filtering  the  solution,  and  then  allowing  it  to  cool  slowly,  the  car- 
bonate is  deposited  in  large  transparent  crystals. 

The' reaction  wliicli  takes  place  iu  the  calcination  of  the  sulphate  with 
chalk  and  coal-dust  sitqns  to  consist,  first,  in  the  conversion  of  the  sodium 
sulphate  into  sulphide  by  the  aid  of  the  combustible  matter,  and,  secondly, 
in  the  interchange  of  elements  between  that  subatancv  and  the  uaieiuoi 
oarbouate : — 


Na,S  -I-  CaCO,  =  CaS  +  Na,CO.. 


Several  other  prooesse!)  for  the  manufacture  of  soda  have  been  dov 
and  even  carried  into  execution,  hut  t  lie  only  one  which  appears  to  hold  < 
any  prospect  of  commercial  success  is  that  which  is  called  the  "ammonia 
8.1  la-process. "*     This  method,  first  suggested  almut  forty  year*  ago,  Iu 
been  trie!  at  several  works  in  Englaiiil  and  in  Germany.     It  consists 
decoinpiising   a   solution  of  c-ommon   salt   with    ammonium   bicarlionat*  ^ 
whereliy  the  greater   part  of  the  sodium  is  precipitated   as   bicarbonate, 
while  the  ammonia  remains  in  solution  a.s  ammonium  chloride.     This  lul- 
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kraall  i»  b«at«<l  with  lirae  toliberatfsniniouia,  which  m  then  reconverted 
tUa  HcMX^aaalc  by  the  carbonic  sold  evolved  in  the  ooitvrreioii  uf  the  ao- 
Aa^  Wcsrtjouat<-  into  monnciirlxinate  by  limt ;  and  tli(<  aniiiioniiim  bicnr* 
(BBBtr  ''  '  "  -  ri>,tiic«l  is  fuiployol  lo  dtH'din^Hitie  ff'wh  portions  of  Mxliiim 
Atorid  the  iiriK'cHji  is  umilv  iNiiitiiiiious.     'J'lie  cliii-f  advaiita^'t-g 

-    prix<-s8   aro  tlie  direct  i-onviTsion  of  thi- sodium  chloride 

,«,  which  is  pr«!ijiitale<i  from  thu  concwntratwl  liqiiorH  un«m- 
witli  sallM  of  other  uiutals  ;  the  abtKiIute  frccdum  uf  the  product 
•alphur-cowiiouniii) ;  and  lastly,  ximplicity  of  plant,  saving  of  fuul, 
aail  frwralimi  fmni  noxiou.s  vajiors  and  troublesome  secondary  pr<xlucls. 

T  -i.iide  tj>  its  profitable  employmeut  appenr*  to  l>e  thai,  with 

tr  IIS  of  the  materials,  anil  under  certain  conditions  of  tem- 

fmt^xt.  :tration,  a  reverse  ri'action  takes  place,  whereby  the 

fl«liuii<  tod  animoniiim  chloridu  are  retH>nverted  into  ammu- 

Biuin  rxjium  chloride. 

:i»ry   t-rystaU  of   sodium  carUinate  contain   ten  molecules  of 
w<  liy  partituliir  uianagemcnt  the  same  salt  may  be  obtained  with 

Iftova.  uin«,  SfTen  tuoleiiules,  or  soiuetim4*s  with  only  one.  The  comtnon 
flarakaf  the  cry*t&U  is  ileriveil  from  an  oblique  rhomliir  prism  ;  they  efflo- 
na^  in  dry  »ir,  and  crumble  to  a  white  powder.  lli'at(>d,  they  fuse  in 
th»«r  mutm  of  crystalliiation  ;  when  the  latter  has  lH>en  expelled,  and  tliH 
irj  salt  «xp«se<l  to  a  full  red  heat,  it  melts  without  undergoing  change, 
1W>  eoBBiDon  crystals  dissolve  in  two  parts  of  colrl,  and  in  less  tlian  their 
•VB  Weight  of  Ixiiling  water  :  the  solution  has  a  strong,  disagreeable,  alka- 
&■•  t^fte,  and  a  powerfully  alkaline  reaction. 

Brnttof*"  and  Smliam  < 'nrliuntilf ,  1 1  i/tlrnKnlk  Carbonate,  Momaadir  Carhonatx, 
AnJ  Smii^m  Carljoiiiile,  NaHL'O,  or  Na,C(lj.H,('Oj,  commonly  railed  iJicar- 
!■■■•«  mf  —da, — This  salt  is  prepared  by  passing  carbonic  acid  ga.s  into  a 
fliU  •aiotXKi  of  the  neutral  curlKinate,  or  by  placing  the  crystals  in  an  at- 
IMMIlliiiiii  of  the  uas,  which  is  rapidly  absorbed,  while  the  crystals  lose 
At*  giwaler  part  of  their  water,  and  pass  into  the  new  compound. 

MaranwNlic  cjirlionate,  prep.'u'ixl  by  either  process,  is  a  crystnlline  white 
{■■riar,  which  cannot  K-  re<lissolved  in  warm  water  without  partial  de- 
aai|ia«ttioD.  It  r<-i]uirvs  lU  parts  of  water  at  l.S.;'>c  for  solution  :  the 
Kifni4  is  feebly  alkaline  to  test-paper,  ami  has  a  much  milder  tiisle  than 
ttial  of  th«  neutral  carbonate.  It  does  not  precipitate  a  solution  of  mag- 
By  exposure  to  heat,  the  salt  is  converti-d  into  neutral  carlxmate. 
tAfdm^Hmmuiir  l'arb,„mle,  'Sn^\\ ,{Ci>^^.'2\\jiK — This  salt,  oimmonly 
*~    "  "  ■trhtinate  «/'  tttH^a,  may  be  rcgardtxl  as  a  coinputind  of  I  be  neu- 

Inl  and  acid  salts  (Na,(°(>,.2NalR'(>,).  It  <Hvur8  native  on  the  banks  of 
Ikaaoda  laki-&of  Sokcnna,  near  Keuan,  in  .\frica,  where  it  is  called  Iroimi; 
titmau  anw,  at  the  bottom  of  a  lake  in  Afaracaibo,  South  America.  It  is 
pwlacwrl  artificially,  though  with  some  flifliculty,  by  mixing  the  monosiHliu 
■al  diswodic  carbonatt*s  in  the  pro]>orti'>n8  aliovu  indicated,  meltin;;  Ihein 
l^jilhu.  drying,  and  exixising  the  drii-d  mass  in  a  cellar  for  some  weeks ; 
tt  Ibm  sfawirlw  water,  lioooues  crystalliue,  and  contains  spaces  lllleil  with 
ArtMraaodir  carl»>iiate. 

AJimm  and   Humfium  Carhonnte,  NaKC'<l,.(!II,0,  separates  in  monoclinio 
<T-r.taL>  frotu  a  Aolutiou  oontaiuiug  the  two  oaabonates  in  equivalent  pro- 

^TK  at  thesA  two  carbonates  in  eqaiTBlent  proportions  melts  at  a 
k>*«r  htxi  than  either  of  th<-  salts  separately ;  such  a  mixtare  ia 
(Meful  in  the  fusion  uf  silicates,  etc. 

jUtalu»ttry,-^A«al^u  of  Aliraliim  JTydrorida  and  Carbonalfi. 

-  aniunnt  of  alkali  or  alkaline  carbonate  In  commercial  potash  so<la, 
luionia^  ia  estiinntcJ  hr  dijlfrwlning  the  quantity  of  an  ucid  ot  pveuj 


I 
I 


I 
I 
I 


SOS 


MONAD    METALS. 


Strength  requirttd  to  nentralUe  a  given  weiglit  of  tlie  8ainp1«>.     Tlta 
uintion  ilepends  upon  the  facto  that  thi;  alkaliiK*  suits  of  Kirong  aoidi*  (si 
pliiiric,  oxalic,  etc.)  art*  ni-utriil  to  litiiiuii  :  ni)<l  that  tin-  vinli-t  Hululion 
litmus  is  colurtMl  liluc  bv  caustic  alkalini  or  alkoliut:  carbunatts,  wuu»-i 
by  carbonic  acid,  and  light  red  by  strong  aciiU, 

The  first  step  is  the  preparation  ol   the  standard  acid.     It  i.s  lie»t 
make  this   liquid  of  such  Hlren>;th   that    lO'JO  cuViic  centimetres  (1   lili 
shall  contain  exactly  one  J  yrum-molecule  (i.  «.,  1  luoluciile  expressed  in 
grains)  of  the  a<'id. 

Aliuut  71'  grams  of  oonoentrated  (sulphuric  acid  are  dllutnd  with  al 
UlNI  grams  of  water  ;  when  the  mixture  is  cnul,  tlie  Tolumu  of  it  neci'ssal 
to  saturate  5.3  grams  (one  J  decigram-molecule)  of  pure  anhydrous  Bodi 
carbonate,  Na,lXi,,  is  determitied.*  For  this  purpose  5.3  grams  of  frt-i>lil 
ignitiNl  sodium  carlKinate  are  dissolved  in  hot  water,  the  solution  voU 
blue  with  a  few  drops  of  litmus,  and  the  acid  adihsl  troni  a  buretlu 
ulkalimetre  (p.  30!)),  at  last  drop  by  drop,  till  the  color  just  passes  fn 
uine-re<l  to  light  reil,  ujid  till  strips  of  litmus-paper,  moistened  with 
aoluliou,  begin  to  retain  the  color  when  dry.  The  volume  of  acid 
ploye<l  is  then  nutisl,  and  the  whole  diluted  so  as  to  approximate  to 
reijuirud  Htrength.  tjuppoge,  for  instance,  37  cubic  centimetres  of  ai 
have  lieen  n.sed  :  water  is  then  addt^d  till  every  lOU  volumes  is  diluted 
2.'iU  volumes,  and  another  iletermination  is  made.  If  90  ciibic  centiuieti 
are  now  required  to  saturate  the  ^  decigram  alkaline  solution,  every 
voluini'S  of  the  acid  must  be  diluted  to  100,  and  the  result  controlled  by 
fresh  iletermination;  UK)  cubic  centimetres  of  this  acid  should  cxae' 
saturate  5.3  grams  of  sodium  carbonate,  anil  will  contain  1  bull-dei'igri 
molecule  of  acid  ;  3  cubic  centimetres  will,  therefore,  contain  1  uiillign 
nudecule  (O.OUt*  gram),t  and  will  saturate  2  niilligrain-nuilecules  of 
alkali  (KllO  or  NailU)  or  1  milligram-molecule  uf  an  alkaline  carbo) 
(KjCOj  or  N.ijCO,). 

'I'll  estiu>ate  the  proportion  of  alkali  in  a  wmmercial  sample,  a  weighs 
portion  of  the  substant  e  is  <lisS"lv»-ii  in  water  (if  a  solid)  ;  a  few  drojis  of 
litmus  ari>  added  ;   tlio  standard  acid   is  addeii  from  a  burette,  until 
first  iH'rmaneiit  apju'araiu'e  of  a  light  re<l  color  ;  and  the  volume  of  ai 
employed   is  read  olT.     Kach  euliie  centimetre  of  acid  corresjiojids  to 
milligram-molecule  of  alkali,  or  1  half  milligram-molecule  of  alkaline  car- 
bonate ;  i.e.,  t"  0.053  gram  of  s<xliiim  carlsmate,  Na,t'0,,  0.tHi9  gram  po- 
tassium carlsmate,  K.l'Og,  0.040  gram  of  caustic  soda,  NallO,  0.05ti  gri 
of  caustic  potash,  KliO,  and  U.tU*  gram  of  ammonia,  NH, ;  and  a  sim^ 
pro|xirtion  gives  the  amount  of  alkali  or  alkaline  carlxmate  present  («.  Ji 
100  :  (!.l)  :   :  numlx-r  of  cubic  centinietri'»eni]iloyed  :  ixitassiunicarl'ou  " 
pri-senl).     liy  0|K'rating  on  lt>0  times  the  ^  milligram-molecule  (f.y., 
grams  in  the  case  of  ]M>tassium  carbonate,  5.3  grams  in  the  case  of  sodiui 
carls^nate)  all  calculation  is  aavcnl  :  for  as  this  amount,  if  present,  woi  ' 
re<iniro  100  cubic  centinictn-s  of  aiid   for  its  saturation,  the  numlier 
cubic  centimetres  actually  required  at  once  imlicates  the  percentage 
alkaline  carl>onate.     The  Inirettes  commonly  us«m1  contain  50  cubic  cent}> 
metres,  and  are  pradnatod  into  half  cubic  centimetres  ;  so  that  by  ojwrBt- 
ing  on  50  times  the  J  milligtam-molecule,  the  numl>er  of  divisions  ejiiploy 
indieat<'S  tin-  percentage. 

Sometimes,  instead  of  exactly  neutralizing  the  alkali  with  the  stand 
acid,  it  is  lietter  to  a<ld  the  acid  till  the  litmus  assumes  a  distinct  light 
red  color,  then  heat  the  solution  to  iKiiling,  and  adil  a  small  excess  (5  to 
10  oiibio  Centimetres)  of  acid.     The  hot  solution  is  freed  from  carr 


•  ThcmolPPul*of«o<1lMmo«rhon»t«,  Nn.rO.  wel(!h»SXM+  IJ-|-8X1«  — 
/  Tic  /uolecular  weight  of  eulpburlo  acid.  U,SO„  it(W-»-(-M-l-«X>«. 
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tatUiti  and  by  dravriiig  air  through  it  with  a  glass  tubo ;  anil>^| 
:'■  •  -1  with  A  staniliiril  solution  of  caaatic  sixla  (100  uuhii-  ct-u-  ^^ 


h   t-xactly  sMuratv  100  oubiu  coutimvtros  of  thu  sliiiiiliiril 
I,  il.ir  just  cliangi-i    from  rtni  to  blue.     Since  the  atikl  and 

•blulionB    ueutmlixe  euch  olhi-r   volume  for  volume,  it  is  only 
Ut  deduct   the   uumlxT  of  cubic  ccntiuK'tros  employed  of   tliu. 
bvm  ttiat  of  the  former,  and  calrulato  the  amount  of  alkali  from  tha 
Kaiilac.      Tbifl  tuetlia<i,  called  the  iitJin-el  or  residual  nuthod,  is  preferabla 
•  Um  diraet  method  previously  descrihwl  for  the  unalysiit  of  carhonalea, 
Um   dunj'u   fn>m  blue  to  re<l  ti>  more  distinctly  marked  thau  that 


Bpaot"  -'—  !-  '>f  red  to  another. 

-YHr  solution  of  cau-stic  soda  must  be  kept  in  a  flask,  into  tha 

a«\  I  inserte<l  a  calcium  chloride  tube  tilled  with  a  mixture  of 

anil  ijuioklime,  which  elTectually  prevents  the  absorption 

.  If  Mie   burette  Iw  closed  with  a  similar  tube,  tiie  soda- 

»  naia  in  it  for  days. 

ter"  or  "burette"  is  a  glass  tube  (flg.  LW)  closed  at  one 
r»>  tri'i   moiii'jiHl  Into  a  sjHmt  or  lip  at  the  oilier,  and  marked  with  any 
amttaiital  scale  of  ei|Ual  parts,  generally,  as  alwve  mention<-d, 
iaia  100  Ualf  oobic  centimetres.*     A  strip  of  paper  is  pasted      pig.  im. 
•o  Um  lube  and  sutTeri'tl  to  dry,  after  which  the  instrument  is 
fTkiuttid  \y  counterpoising  it  in  a  nearly  upright  i>ositiun  in 
tlir  pan  of  >  balance  of  mixlerale  delicacy,  and  weighing  into 
is  AtMieMsion,  5,  10,  15,  20,  etc.,  grams  of  distillinl  water  at 
ititil    the  whole  quantity,   amounting  to  .'lO  grams  (50 
tiiDolres),  has  been  inlroiluciil,  the  level  of  the  water 
bi'itjg,  aft«r  each  addition,  cjirefuUy  marked  with 
le  strip  of  pa|)er,  while  the  tulMi  is  held  quite  up- 
e  mark  made  bolwi'eu  the  top  and  bottom  of  the 
'•rmod  by  the  surface  of  the  water.     The  smaller  divi- 
■f  ibu  scale,  of  a  half  cuhic  centimetre  each,  may  then 
oukjle  l>T  dividing;  with  oompossus  each  of  the  spaces  into 
equal  part^.      When  the  gra<luntion  is  cnniplete,  and  the 
lisfted  with  ita  a«vuraey,  the  marks  may  be  truns- 
tubi-  itself  by  a  sharp  lile,  and  thi'  pajn-r  removed 
warm   water.      The  numlH-rs  are  scratched  on  the 
the  haril   end  of  the  same  file,  or  with  a  diamond. 
a«  is  covered  with  etching  wast,  the  scale  tractnl  upon 
tth  a  fine  needle  {loint,  and  the  marks  etched  by  exposing 
tulw?  to  the  vapor  of  hydroUnorio  ai'id. 
The  alkalimeter,  represented  in  flg.  150,  is  the  simplest  form 
(hit  inalrumeut.     The  |K>ariug  out  of  minute  quantities  is, 
facilitat<,>d  by  providing  the  measure  with  a 
tuliH,  tig.  151,  the  lower  extremity  of  which  is  soldered 
..  i..-,  whilst  the  upju'r  one  is  U'Ut  outward  and  sharply  cut 
iiid  of  burctt*',  which  is  known  as  (Jay-Lussoc's,  is  chielly  used 
The  liquid   may  tie  very  conveniently  poured  from  it;   but  it 
\  r»ther  iviMily  broken,  go  that  its  manipulation  requires  a  good  deal  of 
This  defect  is  greatly  obviatiMl  in  the  burette,  lig.  152,  in  which  the 
nd   tul>rt  is   provide)!  wi'h  a  sjmut  at  the  top,  there  being  at  the 
lini"  an  orifice  for  ]Minring  in  the  liqniil. 

'        "t  instrument  has  iK-en  mmtrived  by  Dr.  Mohr,  of  Coblentz. 

Ii  I    tube,  drawn  out  at  one  end   too  iK<int,  to  which  is  at- 

.;.->  of  a  narrow  vulcanized  caoutchouc  tube,  a  short  gla^ia 
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*  ft  maf  alao  be  divided  Into  1000  (^rittn-mrfiiiureB,  the  (^rnln-niofiiure  belnic  ^ he 
MpieKr  of  •  gTKtn  at  dl«lllli>d  wairr  nt  (Kl"  i". ;  Tt>,(MO  such  measures  go  to  KU  lot' 
|ierl«l  gslloa,  and  ttiO  tu  »  filat. 
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tube,  likewise  drawn  out  to  a  point  (fig.  133).     There  in   a  small   sp 
(about  ^  iuvli)  betwi>i>u  tbe  two  tulxti,  u]K>n  wliich  is  UxmI  u  nifUillic  clad 
a,  rcprt-iii'iitMl  in  its  actual  dimoiisiouH  in  iij;.  154.     This  clamp  shuts  < 
tilt-  i'iinni;>rtion  bt-twci-u  thu  griiiluate<l  cylinder  and  the  small  gloss  titl 
B,v  pri-ssing  with  tliK  linger  ujion  the  ends  b  b,  of  this  cltuuji,  it  opens,  i 
allows  thu  liquid  to  tluw  out  of  the  lowvr  tubu.     It  is  evident  that   by  \ 
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arrangement  the  amount  of  liquid  may  be  regulated  with  the  greatest 
nieety. 

It  is  often  dosirabl*",  in  the  annly.tis  of  earlnmates,  to  determine  dirw 
the  pmiMirtion  of  carbonic  acid  :  the  following  methods  give  very  ex 
results  : — 

A  small  li^ht  glass  Sank  of  three  or  fonr  ouncea  capacity  with  lip;    _ 

edge,  is  chosen,  anil  a  cork  filtoii  to  it.     .A  pieveof  tube  aUmt  three  incbM 

long  is  drawn  out  at  one  extremity,  and  fitted,  Viy  me&ua 

Fig.  15.1.  of  a  KniiiU  cork  and  a   bit  of  bent  tulie,  to  the  cork  of 

the  tliusk.     Thin  tulH>  in  filled  with  fragments  of  calcium 

chloride,  prevented  from  escaping  by  a  little  cotton  at 

cither  end  :  the  joints  are  securinl  by  sealing-wax.     A 

short  tube,  clos(>d  at  one  extremity,  and  Auiall  enough 

to  go  into  the  Hask,  is  also  provided,  and  the  apparati 

is  cx>uiplele.     Kifty  grains  of  thu  carlK>nat«  to  Iw  exai 

ined  are  carefully  weighed  out  and  iutroduc<>d  into  tl 

flask,  together  with  a  little  water  ;    the  small  tube 

then  tilled  with  oil  of  vitriol,  and  placed  in  the  Uosk 

a  nettrly  upright  |H>sition,  ami  leaning  against  its  sides 

in  such  a  manner  that  the  acid  dcH-s  not  escape.     The  cork   and  calci 

chloride  tub<<  are   then  adjustod,  and   the  whide  apparatus  is  acvurat 

oountcr]M>ised  on  the  balance.     This  done,  thu  flask  is   slightly  ineliu< 

BO  that  thu  oil  of  vitriol   may  slowly  mix  with   the  other  sulcitances  and 

de.c«mj>cwu  the  carlnmate,  the  gas  from  which  escapes  in  a  dry  state  frtira 

the  extremity  of  the  tube.     When  the  action  has  entirely  ceased,  the  liquid 

i»  ht>aUHi  iiiilil  it  Ijoils,  and  the  steam  begins  to  condense  in  the  drying- 
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k  then   l#.ft  to  «iol,  an.l  woighc-d,  when  tlio  loss   iiidicatos   the 
nf  rarton  dioxide.     The  ncid  iiinst  be  in  ezciofig  after  the  expcri- 
•  lUiu  uirlKmatt'  is  thus  aiialyzwl,  h>-druolilorio  acid  must 
Wmbr  tlii>  sulpUuriv  scid. 

tin-  »lxii'./  .njiimrntuti,  a  neat  arrangonn'iit  may  tx'  uhihI,  which 

iMIggcatnl  In   Will  and  Fr.-icuiiis.     It  nonsists  of  two  sniall  pljuss 

and  •,  tlie  latter  U'iiig  soiucwiiat  hiuuIIit  than  tin.-  fonncr.     Kach 

is  proTidul  with  a  doubly  |)<Tforati'd  cork.     A  tulx;,  oih-h  at 

but  clci»t-d  al  111.;  upptT  extremity  by  im-aii8  of  a  small  quantity 

ivkx,  fua««  tbruugb  the  cork  of  a  to  the  very  bottom  of  Uie  tlaiik,  whilst 

a  MCDwl  tabe,   n-aching  to  the  bottom  of  a, 

.  axumunication  b<«tw(>eu  the  two 

Til*  cork  of  a  is  provided,  mon-over, 

Vtth  •  altort   tube,  d.     In  order  to  analyze  a 

wrkoaato,  a  suitable  qnantity  (Ofly  grains)  is 

■■1  LnC.    »     In^eiher  with   souii-  water,     b  is 

ith  concentrate<l  sulphurir  at'id, 

MS  tightly  fitttfd  and  weiyln-d.     A 

iwiill   "tuatttily  of  air  is  now  gmkivd  out  of 

"         »  by  mnuu  of  the  tube  d.  whereby  the 

1  likewise  rarefied.     Ou  allowing  the 

1  quantity  of  the  sulphuric  acid 

ItoUi-  "    '  nnd  flows  over  into  ll.osk 

■iag  >  iieiit  of  carbon  dirixide, 

»p>~ .i  I  having  been  |KTfectly 

4rM  bjr  pamtng;  through  the  Ixittle  ii.  This  operation  Is  repented  until 
thavkole  of  the  carbonate  Li  demmpostsl,  a:id  the  process  is  ti-rniinalod 
ty  apt  nlng  the  wax  stopper,  and  drawing  a  quantity  of  air  through  the 
■H""*"»-  TI"  apparatus  is  now  reweighed.  The  dillerenc«  of  the  two 
wH|[id«ga  MipreMea  the  quantity  of  carbon  dioxide  in  the  compound  aua- 
IftaA. 

Sodliun  Sulphate,  Na,SO,.10H,O,  commonly  calle<l  OInuher't  mit,  is  a 

l^-jirodopl  ill  several  cheiiiieal  operations  and  an  iiitcrraediate  prexUu't  in 

fkt  acannfactore  of  the  carbonate  aa  aliove  deserilMvl :  it  may  of  cHiurse  be 

fnfared   directly,    if  wanted   pure,   by  adding  dilute  sulphuric  acid,  to 

mamntitm,  to  a  solution  of  sodium  carlxmate.     It  crystallizes  in  forms 

*wWrt  from  an  oblique  rhombic  prism  :  the  crystals  contain  lU  molecules 

I  r,  are  efflorescent,  and  undergo  watery  fusion  when  heated,   like 

f  the  rjirlionate  :    they  are  soluble   in   twice  their  weight  of  cold 

-  '  ^-.:  M!>-  inerease  in  solubility  as  the  temperature  of  the  liquid 

' !  .-lO  K.),  at  which  jtoint  a  maximum  is  reached,  IIMI  parts 

..      l.jiig  117.9  parts  of  the  salt,  corresponding  with   52  parts 

I  »odium  sulphate  (see  lig.  !>.'>,  p.  142).     When  the  sail  is  heated 

'  this  point,  the  solubility  diminishes,  and  a  portion  of  sulphate  is 

•KmI.     a  warm  saturated  solution,  evaporated  at  a  high  temperature, 

»iU)  opaque  prismatic  crystals,  wliii'h  are  anhydrous.     The  salt   has  • 

jhtly  hitter  taste,  and  is  purgative.     Mineral  springs  sometimes  contain 

fas  that  at  Cheltenham. 

I  rjnd  //frfrni/m  Sniphnir,  or  .■Irirf  ScMliiim  Siilphatt,  2Nn!lS(),.. 111,0  or 

LlIjJM>,.31IjO,   coninmnjy   callwl    himliihulr  vf  .vxla,   is    prepared    by 

|Id  111  parts  of  the  auliydrous  neutral  8uli>hate,  7  of  oil  of  vitriol, 

ting  the  whole  to  dryness,  and  gently  igniting.     The  acid  sulphate 

oluMe  in  water,  and  has  an  acid  reaction.     It  is  not  deliquescent. 

fry  strongly  heated,  the  fused  salt  gives  up  anhyilrous  sul]ihuric 

^'itiiriu  oxide),  and  becomes  neutral  sulphate;   a  change  which 
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nwessarily  sapposus  the  previous  formation  of  a  pyroaulpliat«,  Na^C 
Na,SO..So,. 

Sodium  HypoBulphite,  Na,SO,. — Tiiis  salt  in  producivl  by  the  da 
diiciiig  aittiuu  vi  tiuv  on  the  sulpliito,  Nn^O,.     Iik  jirepnrntion  lins  air 
beun  diitcribed  (p.  197).     It  oryHtnllizi-ii  in  uvrHlliti  »iiliilil<<  in  natvr 
in  wiidk  spirit,  thv  solution  exLil>itin);  strung  lili-acliing  anil  ntliieing  i 
pertita.     The  crystals,  when  oxptisdl  to  tlie  air  in  tlio  muist  statu,  rapH 
Iwcoiuo  liut    from  clt<<ixi<l:iti(iu,   a  property   by  which    this  salt  is  dig 
guishcd  from  thu  thiosulphate. 

Sodium   ThioBulphate,   Na,S,0,,   formerly  called  ht/fmnil/iliite. 
Bult  is  loruH-il  Irimi  thf  auljihiU',  Na,SK1„  by  addition  of  ^nlplIur. 
aru  several  modus  uf  proeuring  it.     Une  of   tlie  Wst  is  to  furui  neulj 
sodium  mil/iliulf,  by  palming  a  stream  of  well-washed  sulphurous  <>xid«  i 
into  a  strong  solution  of  sodium  carl>onate,  and  then  digesting  tho  f<olij 
with  sulphur  at  a  gentle  heat  during  several  days,     iiy  rareful  erap 
tioM  at  a  niiKlerate  tenipernture,  the  salt  is  obtained  in  large  regular  < 
tals,  which  are  very  soluble  in  water.      It  is  usixl  in  considerable  quanti 
for  photographic  purjxmeji,  and  as  an  auticbloru. 

Sodium   Fbospbatea. — The   composition  and  cliemical    re1atiooi| 
these  salts  havo  already  been  explained  iu  speaking  of  the  basicity  of  i 
(p.  285). 

DiMtl'mhtjtirir  PfiOA/Jnitf,  or  DilKidic  Ortfiophofpfiutt;  CvtNtlUm  Tr-ihaxic 
pliiilK,  Na,lll'U,. 1211,0. — This  salt  is  prepared  l>y  pre<  ipitating  the  acid 
calcium  phosphate  obtained  in  de<<>ni]>osing  iHintvash  with  sulphuric  a^id, 
with  a  slight  exce.ss  of  sodium  earl(Oiiate,  and  evaporating  the  clear  liquid. 
It  crystallizes  in  oblique  rhombic  prisms,  which  an-  efflorescent, 
crystals  dissolve  in  4  parts  of  cold  water,  and  undergo  aqueous  fill 
when  heated.  Tlie  salt  is  bitter  and  purgalivi-;  it*  solution  is  alkalii 
t«<t-pa))er.  Crystals  i-ontaining  7  molecules  of  water,  and  having  a  1 
different  from  that  aliove  menticmed,  have  In-en  obtained. 

A  Irlnodlr  orilinfJiosiilialr,  sometimes  called  mlfiiliDx/ihaJe,  Na,PO,.]2H,0 
obtained  by  adding  a  solntion  of  caustic  scMla  to  the  jireceding  salt.  The 
crystals  are  sb  iider  six-sided  prisms,  soluble  in  five  jiarts  of  c»dd  wat<?r. 
It'is  de(»)ui|Misi-d  by  acids,  even  carKmic,  but  suffers  no  change  by  b<<Bt, 
exce|>l  the  liws  of  its  water  of  crystallixalion.  Its  solntion  is  stiongly 
alk.ilini).  ,1/onoiiorfir  orthaphoxphalr,  NaH,ri),.H,0,  often  called  eu]Hrrpho8- 
pbate  or  biphospbate,  may  \w  obtained  by  adding  phogpluiric  acid  to  tbe 
ordinary  phosphate,  until  it  oea-sta  to  precijiilale  barium  chloride,  and 
exposing  the  c<mcentrat<>d  solution  to  cold.  Thp  crystals  are  {irismatic, 
very  soluble,  and  have  an  acid  reaction.  When  strongly  healed,  this 
salt  Veomea  cbang<!d  into  monobasic  sodium  jdiospbate,  or  metaphosplialo. 

Sodium,  Ammmiium,  <nitl  Ifylroijen  PlioK/Jiatt ;  Hiitfjihnrut  .'•oil:  Mia-ttouHtt: 
Sail,  N«(.Nll,)Hr<>,.4H,0. — Six  parts  of  coniuion  so<lium  phosphate  are 
heated  with  2  part.s  of  water,  until  the  whole  is  liquefied,  and  one  part  of 
powdered  sal-ammoniac  is  added  ;  common  salt  tln'U  nejiarates,  and  may 
be  removeil  by  a  filter;  and  from  the  solution,  duly  concentrated,  the 
niicrocosmic  salt  is  deposited  in  prismatic  crystals,  which  may  be  purified 
by  one  or  two  recrysljilliiations.  Microoosmic  salt  is  very  soluble.  When 
gently  heatt-d,  it  parts  with  its  4  molecules  of  crystalliiation-water.  and,  at 
a  higher  tomperaturo,  the  basic  hydrogen  is  likewise  expellMl  as  wau-r, 
together  with  ammonia,  and  a  very  fusible  coiupound,  sodium  metaphu 
)diate,  remains,  which  is  valuable  as  a  flux  iu  blow-pipu  experimea 
Uiorociosmic  salt  occurs  in  decomposed  urine. 

Ttlraaodic  Pfmsphalf,  or  Sodium  Pgrnphotplmie,  N»,P,O,.10H,O,  ia  prepa 


SODIUM. 


t^ftmngl/  heati«g  coamMin  di»<Klic  orlliupliodjiliate,  dijiKdlriiif;  the  ruai.  j 
da«  In  water,  JUitl  rvvrysUilltiilig.     The  erystala  are  very  brilliant,  jiernia- 
krat  in  tb>-  air,  and  lets  soluble  ihaii  tlie  original  plioHphate  :   their  golu- 
IkB  »  aUkalinr.     A  mdioki/flric  /iyrofiluu(/>/mle  Una  iMifii  ubtiiinwl ;  hut  it  iiiM-»  ^ 

M**i  ■  'I*""   l^anfilait,  or  SadiuM   Meta/JiosjJuite,  NaPO,,  is  obtaiuud   hy  ' 
iBKttOf  irtlhrr  thu  ai'ici  trihaiiie  phus|iliale,  or  uiiorocMwmic  salt.     It  is  a 
lliM|Ml  mil  glassy  ^iiltttatiiv,  rusiblv  at  a  dull  red  hi-at,  deliquescent,  aud 
ngf  Mrfnbia  in  wat<:r.      It  rcfuno*  to  cx^-kUillize,  but  driex  up  into  a  gutu- 
UkvaiaM. 

U  %h*a  glaasr  phnHphatfl  he  ouuled  vprjr  slowly,  it  nepnratiii  an  a  beau- 
!  !..!  tynVtilian  tu!U».  It  may  b<.'  purilied  by  uu'Uiiti  of  boiliiig  water  (rum 
U,-  iitrvmu  mela|ihiMphate,  which  will  not  cryiitaUixu.  Another  niela- 
|lhni|llnli  liaa  btwn  <>l<t4in<xl  by  a<hling  HOdium  sulphate  to  an  excess  of 
■tMi|il»iiiri  acid.  cTaporating,  .'Uid  heating  to  upwards  of  31&<^  C.  (59'JO 
¥.).     I*<awi1  °  -.veral   ui>-taphi»pliute8  maybe  repres<;nted  by  the  . 

fvaala  >'n  :  <  >,,  uiel  .N'a,IW 

Th«  trihu^..    , ~i'Jialf»,  or  urtliu|>li(iMphal'v<,  give  a  bright  yellow  pre- 

WfiWff  f  ith  solution  of  iiilver  nitrate;  the  bibasiu  and  mouobasir  phos- 
phate* a.T'irl  wbile  preeipitates  with  the  same  substance.  The  salts  n( 
thr  |«  '.••!iva,  fused  with  excess  of  sodium  carbuuat(>,  are  couverteil 

latn  m:  lilv. 

iUspnttii,^  the  ph(Wphati«i  intermwliate  in  composition  between  the 
Bictapbuaphste  and  pyro|>hi>sphat«  of  sodium,  discovered  by  Fleitmatui 
tad  Uvuacbrrg,  se<-  pajju  '2i){). 


Bodivni  Borates. — TUvnrttlml  Imralr  nr  mrlnhnratr,  NaBO,or  Nn/t.R.,0„ 

is  tiTBu'^l  by  tii>in);   ciinMeui    Ixirax   nnil  sikIiuim  cnrljounte  in  ei|Mivnlent 

(irt    >ii-    .iii-l   dissolving  the  mass   in  water.     It  fornis  large  crystals 

■,.3ILO. 

Tb.  -Ut,  hifmrale,  or  /Joror,  2NanO,.B,0,.l  0H,O  =  Na,0.2B,0,. 

"1   Kv.iiis  in  the  water*  of  certain  lakes  in  Thibet  and  I'ersia :   H  is 

"-•I   in  a  crude  state   fnim   India   under  the  name  of  lineal.     When 

i  ■  !i-iitute3  the  Kirax  of  commerce.     Much  borax  is  now,  how- 

.rt'd    fnim   the   native  Isirie  ncid  of  Tuscany,  also  from  a 

lK>rate    ctIIivI    lini/fxinr,  which    occurs   in   southern    I'eru. 

/Its  in  six-sided   prisni!<,  which   etlloresco   in  dry  air,   and 

;   i.i-  <if  ivild,  and  li  of  Ixiiling  water  fur  solution.     On  ex|Hwing 

:lie   10  molecules  of  water  of  crystallization   are  expelled,  and 

;    temperature  the  salt  fuses,  and  assumes  a  gla-isy  appearance 

'■    -   ~i:ite  it  is  much  used   for  blow-pipe  experiments,  thn 

Iviiig  in  it  to  transparent  beadii,  many  of  which  Bra 

■  1  |py  1  (iiir.-wterislic  colors.    By  particular  management,  crystals 

;!i  tn-  obtained  with  .'i  molecules  of  water  :  they  are  very  hnrii, 

■"  in  air.     Borax,  though  by  (vmstitution  an  acid  salt,  has  an 

.  to  tcst-pap«rr.     It  is  used  in  the  arts  for  soldering  metals, 

•ing  in  reuilering  the  surfaces  to  be  joined  loetnllic,  by  dis- 

oxidnt,  and  it  sometimes  enters  into  theoom|iositlonof  the  gl»x« 

,1  stoneware  is  covered. 


I 


i 


Sodlnn  Sulphide,  Na^,  is  prepared  in  the  same  manner  as  potas- 

'    !,ide;   it  separates  from  a  concentrated  solution  in  octohi-dral 

,rn  rapidly  d''<..mpi>»ed  by  coiilai  I  with  llie  air  into  a  inix- 

'  I'l'e  and  thifmnlpliate.     It  fnriiiH  d'niblc  sulphur  salts 

le,  earlain  bisiilphiite,  and  other  sulphur  aciils. 

,  :-  siippos)"!  to  enter  into  the  composition  of  the  U-an- 

lifJll   pi'fm»nt' •iframnri"*,  which  is  prepared   from  the  lapit  larull,  and  is 

27 
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now  imitatod  by  artificial  means.  An  intimate  mixture  of  37  kaolin,  j 
sodium  sulpliatf,  22  sodiam  carbonate,  18  suliihiu-,  and  8  rharvual,  t 
lii<att<d  Iroiii  twi-nly-four  to  tliirty  liours  in  large  cniciblve.  Thu  i>rod«' 
tlius  obtaiiieii  is  again  lieatt^  in  cast-iron  Ixixea  at  a  mudcrute  t<'iii|H-ni- 
ture  till  thu  rcijuirisl  tint  is  obtaim-cl.  Aftvr  being  finely  pulverized,  m  a.-^inol 
and  dried,  it  uunstitules  commercial  ultramarine.  The  cumpusitiun  u(  111' 
color  varies,  and  its  true  c\>U8tituti<m  is  nut  knuwn. 

There  is  no  gofxl  precipitant  fiT  si>iium,  all  its  salts  being  very  solul 
with  tbe  exception  of  the  melanlimmmtf,  which  is  precipitated  on  mixing 
sululiun  of  a  siHlium  salt  with  a  suluiinn  of  ]Kilassium  metautimuuate  ;  < 
use  of  this  reagent  is,  Imwever,  alteudwl  with  some  difficulties.     The  [_ 
sence  of  sivliuin  is  often  di-lermined  by   negative  evidence.     The  yell4 
color  impartial  by  so<liuni  salts  to  the  outer  flame  of  the  blow-pij>e,  aud^ 
combustible  matter,  is  u  clinracter  of  oonsiderable  imiKirtance.     The  sp 
tral  pUeuomcua  exhibitetl  by  sodium  cumiMJUuds  are  mentioned  on  page  I 


AMMONinM. 

Toe  ammonia  salts  are  most  conveniently  studied  in  this  plaoe,  on 
count  uf    lliuir  cbwe  analogy  to  those  of  potassium  and    sodium.     Th«s 
salts  are  formed  by  the  direct  union  of  ammonia,  Nil,,  with  aeiiia,  and  i 
alre.Tily  {Kiinted  out  (p.  1G4),  they  may  l>e  regarded  as  compounds  of 
rjulicli-s,  I'l,  NO,,  SO,,  etc.,  with  a  bosylous  railicle,  Nil,,  callml  ammo^ 
ni  um,  which  pl.iys  in  these  salts  ibe  hume  jmrt  as  i>ota.ssium  and  sodium 
iu  their  respective  c^ompouuds  ;   thus  ; — 

NH, 

Animuaia. 


+ 


iin 

Uydrt>chlorie 
iieid. 


Kn, 


NH, 


2NH, 


+ 


+ 


+ 


UNO,  = 

Mitrlo 
add. 

II,SO,  = 

Suliihurio 

MCilL 

ILSO^  == 


Nn..CT 

Ammunlum 
ctiluridc. 

NII,.NO, 

Amraonlun 

uitrnta 

Nn,.H..so. 

Acid  smmoaluBi 
•ulpbatc 

(NH.),.SO,. 

Ncutriil  Nmmoiiiuni 

sulphate. 


Idue 


The  radicle  NIT,  is  not  capable  oticxisting  in  the  free  stale,  tnosmncli  M 
It  contains  an  um-veti   number  of  nionail  atoms  :  it  is  simply  the  n^idue 
which  is  left  on  removing  tho  atom  of  chlorine  from  the  saturated  muleoi 
NII4CI.     Whether  the  double  molecule 
Nil, 
NjH,,  or    I       ,  has  a  Beparato  existence,  is  a  diflercnt  qnestion 
NIIj 
Ammonium  is  saiil,  indeed,  to  be  capable  of  forming   an   amalgam  with 
mercury  ;   but  even  in  this  stato  it  is  quickly  resolved  into  ammonia  and 
tree  hydrogen. 

When  a  globule  of  mercury  is  placed  on  a  piece  of  moistened  potassium 
hydroxide,  and  connected  with  the  negative  side  of  a  voltaic  batterv 
very  moderate  power,  the  circuit  being  completed  through  the  plaliii 
plate  upon  wliich  the  alkali  rests,  decomposition  of  the  latter  takes  pi 
and  an  amalgam  of  potassium  is  rapidly  formed.     If  tliia  experiment 


AMMONIUM. 


ttM0-rtrar-w- 


I 


■ov  rrpcktcid  witb  »  piece  of  sal  ammonino  iiist4>a(l  of  potossinm  lirdroxirlf, 
•  aoA,  noliii,  mctAllini-  mass  is  also  produivxl,  whioli  has  l>cpn  oalUul  tlir*  <ii»- 
o/yujUf  and  i^itisiticnil  to  contain  luuinouiunt  in  coni1>inatjon  with 
A  '.iiiiplpr  mt'th(><l  of  pr(<paring  tliis  (X>mpouiid  is  tlic  followinf; : 
IS  put  into  a  t<5Sl-tuW  with  a  grain  or  two  of  pulassiuin 
.1  _intle  h«at  applied;  oimlii  nation  cnsum,  attendtnl  by  heat 
Wlifu  cold,  the  Uuid  amalj^'am  is  put  into  a  capsiilt*,  and  cov- 
•  "troug  luilutiou  of  sal-aiunioniac.     The  production  of  an  ani- 
i       .in  instantly  pommcnct*,  the  mercury  increasing  pwidigi- 
anil  t)eeomini;  quite  fiasty.     The  increase  of  weight  is, 
u..wr..-/.  .|i  -  .1..,  .  ;   it  varies  from   ■sj'sv^iitns  part.     Left  to  itself, 

Uwaoklgii'  '  i'coiupoHe^  into  tliiid  mercury,  ammonia,  and  hydro- 

fna.  It  ia  i:.  .  ilile,  indeed,  that  the  so-calletl  amalgam  may  lie  no- 
tltlBg  m»n-  tlian  mercury  which  has  al*surbcd  a  certain  quantity  of  these 
|pM«« ;  just  as  siU'er,  when  heateil  to  a  very  high  temperature,  ig  eajmhle 
«f  lakiBf!  up  about  twenty  times  its  volume  of  oxygen  gaii,  wkiuh  it  gives 
mp  again  on  cooling.* 

Bat  whether  anuuonium  has  any  sejinrate  existence  or  not,  it  is  quite 
c>frtaio  that  maiiy.aimnoniacal  ^alts  are  iHoiiiorj>h<jus  with  tlio^e  ol  potas- 
,.„..  «,.  .  if  fjiHu  auy  two  of  llie  nirr..«|>onding  salts,  as  the  nitrates,  KNO, 
a  ■  .  We  suhtract  the  radicle  NU,  common  to  the  two,  there  remain 

ti.  rv  and  the  group  NH,,  which  are,  therefore,  supposed  to  bo  iso- 

■turpboiu. 

A^mioninm  Chloride,  Sal-ammoniao,  NII«CI  or  MI,. HO. — Sal- 
uniac  was  formerly  olii.'iined  from  Kgypt,  being  extracted  by  sublinia- 
'  1  of  camel's  dung  :    it   is  now  largely  mniiufnclureil   from 

iijnid  of  the  ga.-i  works,  and  from  the  condensed  products 
of  <*'-  ..  .,..>u  of  bonus,  and  otiier   animal  refuse,  in   the  preparation 

c.  iiarcoal. 

^lure  and  highly  offensive  solutions  arc  treated  with  a  slight 

-1.  ,..  of  hydrochloric  acid,  by  which   the  free  alkali  is  neutral ined,  and 

t|     '  I rlionste  and  sulphide  are  decom|M>sed,  with  evolution  of  earUmic  acid 

-'ilphuretted  hydrogen  gases.     The  liquid  is  evaporated  to  dryness, 

!»•  salt  carefully  heat»l,  to  expel  or  decoroxKJso  the  tarry  matter  ;  it 

I  piiririe<i  by  sublimation   in  large  iron  vessels  lined  with  clay,  sur- 

'1  with  <lomes  of  lead.     Sublimed  salaumiouiac  has  a  fibrous  tex- 

i>>'l  it  t4iugli  and  difficult  to  (xiwder. 

■  riiac  separates  from  water  under  favorable  circumstances,  in 

i\-r^  or  oetoliedrons  ;  but   Ihe   crystals  are   usually  small,  and 

.  iUnI  together  in  rays.     It  has  a  sharji  s.iline  taste,  and  is  soluble  in* 

.ri<  of  ciild,  and  in  a  much  smaller  quantity  of  hot  water.     By  heat, 

iiblimed  without  dec«mi>osition.     The  crystals  are  auliyilrous.     Ani- 

1111  chloride  forms  double  ssKs  with    the  chlorides  of  magnesium, 

uc.k»l,  roliall,  manganese,  zinc,  and  cxjpper. 

Ammonltun  Mltiate  (NH,)NO„  is  easily  prepnnd  by  adding  ammo- 
rarbunate  to  slightly  diluted  nitric   acid    until    neutralization  haa 
.  r.-»«lied.     By  »low  evaporation  at  a  moderate  temperulure  it  crystal- 
in  »ix-«ided  prisms,  like  those  of  potassium  nitrate  ;  but,  as  usually 
*iared  for  making  nitrogen  monoxide,  by  quick  boiling  until  a  portion 
I  oompletely  on  oooling,  it  forma  a  fibrous  and  indistinct  crystalline 

„  con- 
iquescent,  and 


afo, 

I  Mil 


I 
I 

I 
I 


Donltitn  nitrate  dissolves  In  two  parta  of  odd  water,  producing 
Me  depression  of  temperature  ;    it  is  but  feebly  deliquescent, 


•  at  VTatta't  Dictionary  of  Cheinlstrjr,  Supplemeat,  p.  TU. 
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dellngrati^  like  nilro  on  rontHot  with  1iest«il  curabuBtiMe  matter.     IIk  i 
oouipOiiition  hy  lieat  htm  been  already  explained  (p.  154). 

Ammonium  Sulphate  (NU,),S(),. — Prepnrod  hy  neutraliiiug  amn 
niiiiii  LHrUmali!  witli  suli-luiric  aoid,  or  on  a  larjje  scale,  for  use  a« 
manure,  by  aiidiug  aulpliuric  ooiil  in  exc4.-S8  to  tlie  tnal-gan  liquor  js 
mentiuniHl,  ami  purifying  tlie  product  by  suitable  means.  It  is  «oluli 
in  2  partri  of  culd  water,  and  cryiitallizeii  in  lung,  flattened,  six-sidd 
priams.  It  is  entirely  deeouipused  and  driven  off  hy  ignition,  and  ev« 
to  a  certain  extent,  by  lung  Ixiiliug  with  water,  aiuuiunia  l>eing  expel 
and  the  liquid  rendered  aeid. 

Ammonium  Caibonates. — There  are  three  definite  carbonatM  of 
Kuuium,  the  I'diupuaitiuu  of  whiuU  iii  an  follows  : — 

Normal  or  diamiimniao  earlmiite,  (JJH,),('nj.tIj(> 

Acid  or  amuionio-livdrie  carlx>uate,       (NiljlR'Oj 

"'^^^Xnite'  "'^'■'""""""'"'"'^'''"''  }  (NH.).U,(i:.),),.ll,()  . 

(1)  The  normal  carlmmile  is  prepared  by  ailditiun  of  ammonia  to  one 
Uie  acid  salts,  ur  of  water  to  the  carbamate  of  ammonia,  Cl>.\,ll,  (p.  i<lC)i 
with  certain  sin-cial  precautionH,  the  dracription  of  which  is  too  lung 
insertion  in  this  work,  tu  prevent  the  escape  of  a  [Mirtiou  of  the  onuuonll 
It  crystalli^i'S  in  elongate<l  pl.ittM  or  llatteiied  prisms,  having  a  eau.^tj 
taste,  a  powerful  aiumuniacal  cnlor,  an<l  easily  giving  off  auimouiji 
water,  whoreliy  they  are  converted  into  the  acid  carlmnale  : — 

{NH,),CO,.H,0  *  NH,  +  H,0  +  (NIIJUCOj. 

(2)  Amminthan  tttift  fli/tiroifrn  CarlmmiU.^  or  Alonn-iivutwuir  Ogrttoi 
(N1I|)1UH>3,  commonly  called  JJiatrbonatc,  or  Atitl  ntiitf»nifr  oj  tiimnonia. 
This  salt  is  obtained  by  saturating  an  aqne<ms  solution  of  ammonia,  or  ul 
the  half-acid  earlioiiitte,  with  earl><>nic  arid  gas  ;  or  by  treating  the  finely 
jiouniled  hair-aiiil  carbonate  with  strong  alcohol,  which  dissolv>-s  out 
normal  or  dianimonic  earUmate,  leaving  a  residue  of  the  luono-amniouic 
salt,  (.'old  water  may  Ik;  used  instead  of  aliMhol  for  this  purpi>9c  j  but  it 
dissolves  a  larger  quantity  of  the  uiouo-ammonie  carlninate.  All  amiuo- 
uiuin  <!artKinate»  when  left  to  themselves  are  gra/lually  wmverte<l  intu 
niono-ammonic  carlKmate.  This  salt  forms  large  crystals  iK-longing 
the  tririietric  system.  Ae<r<tnlii»g  to  Deville,  it  is  dimorphous,  but  nevi 
isom<ir[ihuus  with  nionojiolassio  carliunate;  when  exjxised  to  the  air, 
volalilizes  slowly,  ami  gives  olT  a  faint  nmmoniai^al  odor.  It  dis-sadvi-s  in 
8  parts  of  ixild  water,  the  Roliiti<in  decomposing  gradually  at  ordinary 
teinperaturi-a,  quickly  when  ht-atetl  aliove  3<>-  C.  (Sfi'J  K.),  with  evolution 
uf  anmtonia.  It  is  insoluble  in  alcohol,  but  when  exposed  to  the  air, 
uniler  alodiol,  it  dissolves  as  normal  carbonate,  evolving  carbon  dioxide. 

It  has  been  found  native  in  Cf^msidcrnblu  quantity  in  the  deposits  of 
giiano  on  the  western  eoast  nf  Patagonia,  in  white  orystalliue  massea 
having  a  strong  amnioniacal  odor. 

(:l)     Trlriimnumin-Mf^rir   Crhnnntf.  N,n„r,0,  =  (NH,),n,(CO,), Tliia 

aalt,  also  cnlliol  half-fin'tl  carlmiiil"  or  trs<jul^nrhonnle  of  ammnnia,  contains 
the  elements  of  1  molecule  of  diammonic  and  2  molecules  of  mono-ai 
nionic  inrlionate,  into  which  It  is,   in  fact,  resolved  by  treatment  wi 
watcT  or  alcohol  ; — 

(NH,),H,(CO,),  -I  (NH,),CO,  +  2(NH,)HC0j. 

It  is  obtained  bv  dis'olving  the  commereial  carNinnte  in  strong  aqneoO 
anwumia,  at  ilxml  'M)0  ('.  (SGO  l".),  and  crystallizing  the  solutimi. 


iiu 
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AMMOMUM. 


aiT 


t«mK  Xxtt;-'  tnmsiuiront  rectADguliU'  prisma,  having  tlieir  suminiU  truii-J 
<-.  t.ihivlr&l  faces,     Tlit-s"  crvsliila  rtcootiipose  very  rapidly  in  U»o  j 

L  .    'iir  wfttor  and  aiiimonia,  aiiU   living  convcrU-d  intu  luimo-aiu- 

B>:i(uc  carlniiate. 

CmtnatmMi  Mrbonnto  of  snuunnia  (ail  rolalilr,  mil  0/  luirlsJuirn)  consiBts  I 
«f  lialf^Mid  eftrlmnati-  mure  nr  Ic-su  luixi-d  with  carliamatt*.     It  is  pri<par<<d 
oa  Ik*  i»rgv  miiaIk   hy  Uiu  Ary  >iislillntiuu  of  Ixiiics,  hartnhorn,  and  iitliur 
afhui!   uiitttT,  and  is  parified  fi-oni  ailheriug  t-iupyreuiiiatiu  nil   \<y  muIi- 
li  Hire  or  twice  with   aniuiiil   charcoal   in  caat-iron   veMscla,  over 

V  .     -.  rxc4<iver*  are  inviTt<<d.     Auothrr  muthcxl  c<JUBiHtJi  in  lieatin); 

to  r"iii'^»  a  mixliir«  of  one  part  aniinoniinn  i-hliirid<.>  or  uulpliat«,  and  two 
yam  ealeiam  oorbouatp  (chalk),  or  potaiisiuni  corlionatt',  iu  a  rutort  to 
vhlcb  »  reoeirer  U  lut«<l. 

An  elaborate  description  of  thi»  rarhonatcs  of  ammonia  ha*  lioen  pnb- 
Ivluad  b^  Dr.  Oiver«,*  to  whom  ij  duu  the  discovery  of  the  normai  aiutuo- 
i  cu-bonate.  f 


Inm  Snlphldes. — Several  of  these  oomponnda  exist,  and  may 
Im  (armed  by  distilling  with  sal-anunouiao  the  oorreaponding  sulphideM  of 
putMTtnni  or  solium. 

jliMMBuni  antl  Uffdrogrn  Sul/tliiJff  or  Ammonium  Hydrosalphide^  (NH)|IIS, 
ll  •  flOBpoaiid  of  great  praetical  utility;  it  is  obtained  by  saturating  a 
Wlltan  of  ammonia  with  w«ll-wa3he<l  imlphuretted  hydrogen  gaa,  until 
•onoreof  the  latter  is  absorlinl.  The  solution  is  nearly  colorless  at  limt, 
bat  b«w«»m«  yellow  after  a  time,  without,  however,  suffering  material 
ialnry,  ohImj  it  has  been  exposeil  to  the  air.  It  gives  precipitates  with 
B»taUiu  Holotions,  which  are  very  often  characteristic,  and  in  of  great 
I  Id  analytical  chemistry. 


Amnioniacal  ^^alt*  are  easily  recognized  ;  they  are  all  dceomposiNl  or  vola- 
tiilatil  at  a  hi^h  temperature  ;  and  when  heate<l  with  calcium  hydroxide 
tt  aaiotiun  uf  alkaline  carlxmate,  they  give  olT  ammonia,  whieli  may  bo 
Maogaiwd  by  itH  odor  and  alkaline  reaction.  The  saltH  are  all  more  or 
Um  aolabltf,  the  acid  tartrate  and  the  platinn-chloride  being,  however, 
mng  the  least  soluble  :  hence,  ammonium  salts  cannot  be  distinguished 
Inm  potaastam  salts  by  the  tests  of  tartaric  acid  and  platinum  solution. 
Wbea  •  aolntion  containing  an  ammoniacal  salt,  or  free  ammonia,  is  niix>Kl 
villi  potaab,  and  a  solution  of  mercuric  iottitlv  in  jftltmstHm  imlitU  is  a^bUnl,  a 
Inwii  pracipitate  or  coloration  is  immediately  iiroductni,  consisting  of 
Aunercanunmonium  iu<iide,  Nilgai : — 


I 


ouni 

1 

>  bl«miaonl:i 


Nil,  +  2Hgl,  =  NIIe,I  +  3HI. 


Jnara*)  of  the  rhemtcsl  Snelrty,  I8tO,  pp.  I71-2T9. 
t  ^amoHtum  P*n»;^«/M.— The   normnl   orthonhoiphatp,  (NHjJiPO,,  l>  formed 
■i>  •olulloo  of  amiaooi*  li  miKPil  with  nolutlun  of  cither  thp  other  nrttinphoa- 
»Ir«.      II  •fpirilei   ^i  a  cryttiilliac   fnTjinii,  diaaulvini;  whi'u  hcnlcd,  BQd  on 
It  etnnot  be  ilrleil  without  loaa  ofKminonla. 

(N'Hil.HPOi.Aq.  ia  ohtslneil  hy  prcclpltnllnR  the 

e\cea«  iif  Amnionluin  c-^rbnntite  ;  cnlchlm  phoa- 

ioD,  t)y  (•iMintnncous  evK|iorHtlun,  depot'ita  Inrire, 


d 


•wphatr, 
lite  by  «n  1 
•t>rufion 


•rlUf. 

'      lM'<lt, 

Ui-iin*  »till  •Mttitf  ntitinup 
»<:M,  Nad  Ajc^io  hratloff,  nil 


rii;  la  llie  obllquo  priitmitio  iyfttcm.  It  h^fl  n  cooling 
r«*ioi|on  J  ioIuMp  In  four  jmrU  of  wHter  und  InnoluMt'  In 
ilr  It  ]n4p«  wntr-r  of  cryntAlllzitlon. 

'If  bolllae  ltd  Molutlon  until  It  renses  to  prPcipUnte  •olu- 

It  orystnlHzfB  In  notinre  prlsmii,  soluble  In  flvr  pnrti  nf 

Tfpucfloo  •liphtly  nrld.     All  thrsn  orthopbo!*pbnt(»fi,  by 

Io#f  WAter  nnd  nmmont^,  nnd  mrt^phonphorlo  field,  con- 

iloa.      By  mouirninir  thii  retlduo  with  oUrla 

ttjonJ%  ta  removed. -H.  B. 
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This  is  callol  Ncsslrr's  test ;  it  is  by  (or  tlie  iui>st  delicate  test  foi 
luonia  tliat  is  knoirn. 

Amic  Acids  and  Amides, 

Salpbamio  Acid. — When  drr  nmmonin  gas  is  passed  over  a  thin  ! 
of  Bulpliurio  oxidu,  SO,,  the  gas  is  nljsorbfJ,  and  awhitecr.vstaUine  powder 
is  fortni-d,  liaving  tlie  comitosition  N,il,t30,,  that  is,  of  amuionium  sulphate 
minus  one  molecule  of  waler  : — 

N,n,SO,  =  (NH.),SO,  —  H,0. 

It  is  not,  however,  a  salt  of  sulphuric  acid  :  for  its  aqneooa  solutj 
do«9  nut  give  any  pn^cipitatv  wilh  barvta-walcr  or  soluble  barium  salt 
It  is,  in  fact,  the  amuKmium-Hult  of  s  u  I  jih  ami  u  ai^d,  au  a<'id  dorif 
from  sulphuric  acid,  Sl),II,  or  SOjCllU)..,  by  substitution  of  the  univalfl 
radicle,  NH,  (p.  318),  for  one  atom  of  liydroxyl,  IIU.  The  fuminla] 
803(NI1./)II,  and  tlial  of  iu  auiiuoiiiuni-sult,  »),(Mlj)NIIj,  or  SOjN, 
Auinionium  sulphnninto  is  jioriuaneut  in  tlie  air,  and  dissolves  witliout 
doooin[Kisitiou  in  water.  Its  solution  evapornte<l  in  a  vacuum,  ovt^r  oil  of 
vitriol,  yields  tlie  salt  in  triiiiBpareut  eulorli-iis  crystals. 

Tho  solution  of  tlie  ammoninin-siilt,  mixed  with  baryta-water,  gives  < 
ammonia,  and  yields  a  solution  of  Imrium  sulphamale  (SOjNUj)jI>u,  whii 
may  l>e  obtained  by  evaporation  in  well-deflned  eryst.ils  ;  and  tlie  soluC 
wf  this  salt,  deeouiposod  with  pot:issium  sulphate,  yields  pottutiumi  tulp 
malt,  HO,(MI,)E. 

Carbamio  Acid. — Wheu  dry  atumnnia  gas  is  mixed  with  carbon  d: 
ide,  the  mixture  being  kept  cool,  the  gases  combine  in  the  pro|Kirtion  of^ 
volumes  of  the  former  to  1  volume  of  the  latter,  forming  a  pungent,  vi 
volatile  substance,  which  eondens(.*s  in  white  docks.  This  snlistance 
the  composition  ('0,N,I1„  that  is,  of  normal  ammonium  carbonate  t'U,(Nli,)7 
miiiu»  one  moUiMile  of  water.  It  exists,  as  nlri-ndy  oliserviil,  in  comnieri'ijil 
carlKiuute  of  ammonia  (p.  SI?).  It  was  formerly  calleil  nnhyiirous  lUirtHtmite 
of  aiRmoiiiiim :  but,  like  the  prei.'eding  salt,  it  is  not  really  a  carlionate,  hut 
the  ammonium-salt  of  carbamio  acid,  ('0,(N1I),II,  an  acid -durivixl 
from  carbonic  acid,  C't),IIj,  or  C'O(OIl),,  by  substitution  of  amidogen.  Nil,, 
for  1  atom  of  hydroxyl.  .'Immunium  carbamate  dissolves  rewlily  iu  «  atur, 
and  quickly  takes  up  one  molecule  of  that  compound,  whereby  it  is  e 
verted  into  normal  nmmonium  carlx>n.tte.  When  treated  with  sulph 
oxiile,  it  is  converted  into  ainmouium  sulphamute. 


] 


Carbamide,  CON,H^. — When  ammonia  gas  is  mixed  with  carbon  ox 
cliloriile  or  phosgene  gas,  CUCl,,  a  whit«  crystalline  powder  is  formed, 
having  lliia  com|>usitiou  :—  

COa,  +  2Nn,  <=  2HCT  -1-  CON.Hj.  ^ 

This  compound,  which  is  likewise  formed  in  other  reactions  to  be  after- 
wai'iU  considered,  is  derived  from  carlxmic  acid  fli(f>ll),.  by  substitution 
of  2  atoms  of  amidogen  for  2  atoms  of  hydr<ixyl.      It  ditfers  from  carbaini^H 
acid  in    being  a  neutral  substance,  not   containing  any  hydnigeu  casi^H 
roplace.ible  by  metals.  ^B 

Other  bibasic  acids  likewise  yield  an  amic  acid  and  a  neutral  amide  by 
(ulntitution  of  1   or  2  atoms  of  amidogen   for  hydroxyl.     Tribasic  aciijj 
yield  in  like  manner  two  amic  acids  and  one  neutral  amide,  and  tetral 
acids  may  yield  three  amic  acids  and  a  neutral  amide ;  thus,  from  py 
phosphoric  acid,  l',0,H,  =  r,0j(110),,  arc  obtained  tho  three  ami«  aci 

iy\(.\u,)H„  p.o/Niy ,ii„  and  ivvxHi)i"- 


LITHIUM. 
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IfnnftNasf.-  aHils,  which  contain  lint  ono  fttmii  uf  hydroiqrl,  yield  by  tliiii 

•      nion  only  neutral   aiuiJ('!<,  no   nniic  aiids :    thus,  from 

■  =  f,llj'0.110,  is  obuined  iMselamiaf,  ( .,UjO(NUJ. 

■  ]■■-  may  also  be  rfsjardivl  as  (Icrivwl  from  oiio  or  more 

n,  1.  by  sulistitntion  of  anivali'Ut  or  multivalent  acid 

..^ii;    thuii,  acetauiide  DsNUjCCjHjO);  rarbamidc,  Njll^ 

-titution  of  metals,  or  tiasyloua  compound  radicles,  for  the 
krilngrn  of  atnjuoiiia,  basic  oom|it>umU,  ealleJ  amines,  are  formed, 
liiiu,  wU«o  pucatisium  ih  gently  heate<l  in  ammonia  gas,  monojKtttuuimiue, 
$[!,£,  Li  fonuf^.  It  is  an  olive-(;rcen  aulMtaniv,  which  is  dooomposod  by 
water  into  auuiiouia  and  potassium  hydroxide  :— 

NH^  4-  11,0  =  NH,  +  KHO. 

k  ImIi*  •<  a  litlU  Iwlow  1(H),  anil,  when  heated  in  a  close  vessel,  is  resolved 
tll^  ^imfhlUli  and  tntiotasMimint  >— 

3NU,K  =  2N'H,  4-  NK,. 

Tho  latter  effcrvescws  violently  with  water,  yielding  ammonia  and  potas- 
•ium  hydruxiile  : — 

NK,  +  311,0  =  NH,  +  SKIIO. 

Th*  fomuttion  and  properties  of  amides  and  amines  will  be  further  oon- 
aUcnU  uutler  Organic  Chemistry. 

Ifetallammonlmns. — These  are   hypothetieal    radicles  derived   from 

ri,  N..II,,  by  substitution  of  metals  for  liydrogen.  Salts  of  such 
r.irmed  iu  several  ways.  Ammonia  gas  is  atisorbe<l  by  various 
^  iu  dilfereiit  jiroiKirtions,  fonuiug  compounds,  some  of  which 
I.  i<.iiuulate<l  as  salLiof  mutallamiiioniums.  Thus,  platinum  dichlu- 
I'tCl,,  al)!>orl>»  two  luoliHules  of  aiumouiu,  forming  platoiuimmoninm 
eVunJr,  N,HtI'l".t'l,,  and  platinum  tetrachloride,  I*t"Cl„  al»orbs  four 
tei4«rulea  of  ammonia,  forming  jtlulimmmumum  rhloriile,  N,ll,3l't'''.tl,.  In 
Iik»  manner,  ouprio  chloriilo  ami  suljihatu  form  the  clUoriJe  and  tuliiJmIe  of 
mfmnumooium,  N,M,(u".Cl,  and  N\ll,(:u".S(>.. 

HuBllar  onmpounils  are  formed  in  many  cas'.-s  by  precipitating  metallic 
liila  «i  Ilia  or  ammouiai-al  salts  :    tliUM,  ammonia  added  to  a  Holu- 

t^tol  rhlorido,  llgClj,  forms  a  white  precipitate,  consistinf;  of 

4ia(vor.i;/im"n Iiloriile ,  N.^li,ll^",.ri, ;  anil  by  dropping  solution  of  nier- 

tcrio  chl>>riii>;  into  a  lK>ilin<;  solution  of  sal-iunmoniac  mixed  with  free 
OBOKmlx.  ervatals  are  olilnined,  wnisisting  of  mrrntrfimnnmium  chlimde^ 
X,n,Hg".CI,^  Some  of  these  eomixiunds  will  he  further  oousidered  in 
(Douectiuo  with  the  several  metals. 


tnn 


LITHIUM. 

Atomtc  weight,  1.    Symbol,  1.1. 

LrrnirH  Is  fnnnd  in  iwlalite,  spodumeui',  lejiidolite,  triphylline,  and  a 
few  other  nii'..  r  .1«  rind  sometimi-a  occurs  in  minute  quantities  in  mineral 
■firingl.     T  i>iind»nt  source  of  it  yet  discovered  is  the  mineral 

MiiUiT*  of  V  '  ^rd  in  C<>rnwall,  iu  which  it  exists  to  the  amount  of 

n  }fx\M  in  »  ouUkuu. 
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The  mi'tal  is  ohlaiiKvl  liy  fusing  pnra  lithium  chloride  in  a  small  Ihid 
porcelain  crucible,  ami  ilewnnposin';  the  fused  chloride  by  electricity. 
U  a  whit<-  luetai  like  sckIIuui,  and  very  uxidiukble.     Lithium  fuses  ftt  1(1 
C.  (350'°  1''.}  ;    its  spucilio  gravity  is  0.59 :  it  is,  therefore,  the  light 
solid  known. 

A  lithium  salt  may  be  obtained  from  petalit«  ou  the  8m.ill  scale,  by  tt 
following  process  :    The  mineral  is  ri-<luced  to  an  exceedingly  line  powiln 
mixed  nilh  five  or  six  times  its  weight  of  pure  calcium  carbonate,  and  til 
mixture  is   heatinl  to  whiteness,  iu  a   platinum  crucible  placed  within  j 
well-covered    earthen    r)ue,    for    twenty   minutes    or    half  an    hour.     Til 
shrunken  coherent  m.ass  is  digest<-<l  in  dilute  hydrochloric  acid,  the  who 
evaporated  to  dryness,  acidulated  water  a<ldi'd,  and  the  silica  separated  ' 
a  lilter.     The  solution  is  then  mixed  with  aniiiionium  carl<innte  in  exc 
boiled,  and  filtered  ;  the  dear  liquid  is  evaporated  to  dryness,  and  gejit) 
healed  in  a  platinum  crucible,  to  expel  the  sal-ammoniac  ;  and  the  residq 
is  welted  with  oil  of  vitriol,  gently  evajKirateil  once  more  to  dryness,  . 
ignited  ;   pure  fuse<l  lithium  sulphate  then  remaiim. 

This  process  will  servo  to  give  a  good  idea  of  the  general  natnre  of  ' 
operation  by  which  alkalies  are  extracteij    in  mineral  analysis,  and  the 
quantities  determined. 

Lithium  lii/ilrate,  LiliO,  is  much  leas  soluhle  in  water  than  the  hydrates 
of  ]><>tassium  and  sodium  ;   the  carbonate  and  phmiplmtf  are  also  sparingl 
soluble  salts.     The  rJJoride  crystallizes  in  anhydrous  cul>es  which  are  C 
liqueBuimt.      Lithium  tutphale  is  a  very  beautiful  salt ;    it  crystallin'* 
lengthened  prisms  ecmlaining  one  molecule  of  water.     It  gives  no  doul 
salt  with  aUiniinium  sulphnle. 

The  salts  of  lithium  color  the  outer  Harae  of  the  blow -pipe  cjirmine-re 
The  spevtral  phenomena  exhibited  by  lithium  txjmpounds  are  mention 
ou  page  88. 


CMBlTSia.  AND  RnBIDIUM. 

CD -'133.—  Kb-  lii.4. 

TnR  two  metals  designated  by  these  names  were  discovered  ly  Bunsen 
and  Kirdilioir  by  means  of  their  spwlrum  apparatus  mentioned  on  page 
87:  the  forui.-r  in  18ij0  and  the  lalt<'r  in  18(il.     These  metals,  it  appears, 
are  widely  diffusiyl  in  nature,  but  always  occur  iu  very  small  qijantities; 
they  have  ln-en  detectwl  in  niaiiy  mineral  waters,  as  well  as  in  seme  mine- 
rals, namely,  lithia-mica  or  le[iidiilile,  and  jx-tnlite  ;  lately  also  in  felspar  ; 
they  have  also  Ixvn  found  in  the  alkaline  ashes  of  U-i-troot.     The  salt- 
spring  of  DUrklieira,  which  conlains  (MT  part  of  ca>sinm  chloride  in  a 
million  parts  of  water,  was  till  lately  regardwl  a»^  the  richest  source  of 
ciesium;  liiit  from  recent  exp^-rimi'iits  by  Colonel  Yorke,*  it  appear*  that 
the  hot  spring  of  Wheal  riillord,  alreaily  meiitiimed  as  a  source  of  lithiuiBB 
contains  1.71  parts  of  ca"<iiiivi  chloride  in  a  million,  or  0.12  grain  in  a  gtfl 
Ion.     The  best  material  for  the  pri'paratiou  of  rubidium  is  lepidolite,  whiriP 
has  Iwen  found  to  <<int:iin  as  much  as  0,2  per  cent,  of  that  metal,     b<ith 
metals  are  closely  ;in!ilogoiu<  to  ]Sitaj4siiim  in  their  de)>ortment,  and  cann 
be  distinguiaheil  from  that  metal  or  from  one  another,  either  by  reaget 
or  Ix'fore  the  bl'iw-|)i|ic. 

Uubidium  and  ca>sium,  like  )X)lassiuni,  form  double  salts  with  tetracb 
ride  of  platinum,  which  are,  however,  much  less  soluble  thau   the  cor 

*  Journal  of  tbe  UbrmlesI  Society,  UTS,  p.  ITS, 
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t.iii^iiiim  saIU  :  it  Unn  tlii.x  jiruperty  that  tlir  Roparatinii  ofttiPHo 

.; ;  ".i:i*«iiim  i»  tuisiul.     Tho  iiiixliirp  nf  platinocliluiidi-s   is  rt- 

fmlmii  'I  with   boiling  wntcr,  when  a  iliHic'tiltly  suluhle  rrsiilun, 

■■■■t'  '  >>f  thi- platinochlorMi^  i>r  t'»«iiiiu  ami  rubidium,  rciiiaiiig, 

■aii  thm?  two  u>flAl:<  ar>'  lliially  8t-pnrsle<l  hy  converting  thi-ui  into  tar- 
«•!•«,  rubidium  tartrst<?  rMjuiring  (ur  solution  i-ight  tiuat-s  as  much  water 
um  lartnitr,  and  therefore  eryntallizing  out  Br:it  from  the  mixed 

'  "  'riiides  of  these  mi^tala  are  powerful  banes,  wliich  attract  car- 

.•tn  the  air,  pa^siu).',  first  into  iiurnial  larljonate,  ami  then  into 

.le.      Ciesium  earlxjuuto  is  soluble  in  nl>solute  alcohol  ;  rubidi- 

1  :<•  is  nearly  insoluble  in  that  liquid  :  thiii  properly  is  utmle  use 

-paration  of  tliese  two  melaU.     The  chloride  crystallizes  in 

1  .  -  «oniewhat  more  soluble  in  water  than  chloride  of  iiotnssium. 

,  rhloride,  when  in  a  state  of  fusion,  is  easily  deeoiiiiK>so<i  by 

!:  'It;  the  metal  priHluced   risi-s  to  the  surfaie  and    burns 

■  _'lit.      If  this  experiment  lie  |«'rforiiied  in   an   atnn»s|»liere 

I.,  j.revent  oxidation,  the  separated  metal  is  nevertheless  lost, 

<i  r.  it    <Itie«    in    the  fused  chloride,  which  is  transforme<l  into  a 

•  having  the  blue  color  of  smalt.     Kubidium,  when  separated 

Oil       111   r.  ury   by   the  elwlrie  current,    forms  a  crystalline  amal(;am  of 

111     -  .   !u-ife,  which  is  rapidly  oxiilited  by  the  air,  and  decomiKJses  water 

ia  thM  .add.     Ca>sium  chloride,  under  the  influence  of  the  electric  current, 

tsKilnts  rxactly  the  sAiue  deportmi-nl  as  rubidium  uhhiride.     Kubidium  ia 

rl<ctnk-po9itiTe  tJiwards    potiissiuni.      t'lpsium  is  eleetro-jKisitive  towarilo 

raUdiani  and   |><ita»sium,  and  thus  constitutes  the  most  electro-jMjsitive 

Binutwr  of  the  elements. 


I 
I 


anovv  n. 

SILVER. 

Atomic  wflplil,  IM.    Symbol,  Ag  (Argrntum). 

?.!  vrn  i*  found  in  the  nn^tallic  state,  a«  sulphide,  in  union  with  suliihido 

iiioiiony  and  suljihide  of  arsenic,  also  as  chloriiie.  ioilid,-,  and  bromide. 

'      i,'  tlo-  |iriiii;ipal  silver  mines  may  be  menliomxl    Dmse  of  tlie    llarta 

i.n!  .'u-  in  (ierniany.  of  KonjjslxTK  in  Norway,  and,  more  particularly, 

'  i\f  Aii,1l-.i,  in  l«oth  North  and  South  America. 

The  )(r>^at<'r  part  of  the  silver  of  commerce  is  extracfed  from  ores  so  poor 

V  f.i  render  any  jircx^ss  of  tmeiling  or  fusion  inapplicable,  even  where  fuel 

■  lie  obtained,  ami  this  is  often   difficult  to   be   procur.il.     Recourse, 

re.  is  bail  to  anothi'r  method — that  of  nmnlgmmitii<n — fmindeil  on  th« 

f  silver  and  many  other  metals  in  metallic  mercury. 

'ion  prtK'ess  adopted  in  (iermany — which  differs  somewhat 

•• " "  ■•-    in  .America — is  as  follows:  The  ore  is  crushed  to  powder, 

IDiXF<l  •  ith  a  ijuantity  of  connnon  salt,  and  roasted  at  a  low  nil  beat  in  a 
sailablu  furnace,  by  which  treatment  any  hulpbiiie  of  silver  it  may  con- 
tain U  oonverted  into  chloride.  The  mixture  of  eurtliy  matter,  oxides  of 
iron  and  copjjr.r,  lolnble  salts,  silver  chloride,  and  melullic  silver,  is  sifted 
Ami  put  Into  largw  barrels  ijiade  to  revolve  on  axes,  with  a  quantity  of 
Walxr  and  »cra|i«  of  iron,  and  the  whole  is  atritated  to),'ether  for  some  time, 
4mram  which  the  irou  ruduoei  the  ailvur  chloride  to  the  state  of  metal.    A 
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oortAin  proportion  of  mercury  is  then  introduced,  and  the  a^l&lion  , 
pt<At«d:  the  mercury  dissolvt-*  out  Ihn  »ilvi'r,  together  with  gvitl,  if  tb 
he  any,  mlio  metallic  c<i|)|icr,  niul  other  itulwtanceK,  forming  a,  Huid 
gum  eA-sily  scparAhle  from  the  thin  luuil  of  earthy  matter  by  iiuliside 
and  washing;.     This  amalgam  is  strniiHil  through  a  strong  linen  cloth, 
the  solid  portion  cxposwl  to  heat  in  a  kind  of  retort,  by  which  the  reu 
int;  mercury  is  diKtilied  olf,  and  the  Hilvcr  left  behind  in  an  impure  stab 

I'onsideralilc  loMh  often  occurs    In  the  amalgauiation   procen-i  from 
ponihination  of  a  jmrlion  of    the    mercury  with    gul|>hur,   oxygen, 
wliiTchy  it  is  brought  into  a  pelverulent  condition,  known  as  "flouring 
and  ill  then  liable  to  be  washed  away,  together  with  the  »ilver  it  hai> 
U|i.     This  iniionvenienco  may  b<.'  [irevented,  as  suggest^nl  by  Mr.  Crooli 
by  amalgamating  the  mercury  with  1  or  2  per  cent,  of  siKlium,  which,  | 
its  s<i|M'rior  alSuity  for  sulphur  and  oxygen,  prevents  the  mercury  I 
bec<ii:iing  tl«>uri-d. 

A  (xinaiderahle  quantity  of  silver  is  oblain<<d  from  argentiferona  gal«4 
in  fact,  almost  every  Bp<-ciuieu  <vf  native  lea»i  sulphide  is  found  to  conti 
trao-s  of  this  metal.     When   the  proportion  rises  to  a  certain  amount, 
Ih-i^ouics  worth  extracting.     Tlie  ore  is  re<lu(M9d  in  the  usual  manner,  f 
whole  of  the  silver  remaining  with  the  lead  ;  the  latter  is  then  re-melt 
in  a  large  v*^sel,  and  allowed  to  (mm>1  slowly  until  solidification  comuen 
The   |Kirtiun  which   first  crystallizes   is   nearly  pure   lead,  the  alloy  ' 
silver  being  more  ftuUile  lliau  Inui  iltelf;  by  (tarticular  management  thit 
drained   away,  and   is   found   to  contain   nearly  the   whole  of  the  silf 
[I'altinHon's  pr<K'4^B8.]     This  rich  nixss  is  next  ex{iose<l  to  a  red  heatj 
the  shallow  hearth  of  a  furnace,  while  a  stream  of  air  is  allowed  tu  : 
pinge   U|ion   its   surface ;    oxidation   takes   place  with  great  rapidity,  I 
fusixl  oxide  or  litharge  lieing  c^iniiLantly  swept  from  llie  metal  by  the  bll 
When  the  greater  part  of  the  lead  has  l<een  thus  removed,  the  re«idu«1 
transferred   to  a  cupel   or  shallow    dish    made  of  Ixiue-anhes,  and 
healeil ;  the  last  )>i>r(t<in  of  the  lead  is  now  oxidized,  and  the  oxide  si] 
in  a  mell^Hl  state   into   the  porous  vessel,  while  the  silver,  almost  che 
cally  pure,  and  exhibiting  a  briltiant  surface,  remains  iH-hind. 

I'ure  silver  may  lie  easily  obtained.  The  metal  is  dissolved  in  nit 
acid  ;  if  it  contains  rapiier,  the  sohition  will  have  a  blue  tint  ;  gold  ' 
remain  undissi>lveil  as  a  black  jtnwder.  The  sohition  is  mixe<l  with  hydro- 
chloric aciil,  or  with  coimiinn  ssilt,  ami  the  whit<',  insoluble,  curdy  preci[ii- 
tale  of  silver  chloride  iswiushed  and  dried.  Tliis  is  then  mixed  with  aUdlt 
twice  its  weight  of  aiibyilrous  Hinliura  carbonate,  and  the  mixture,  ]ilaced 
in  an  earthen  iTUL-ible,  i.s  gratlually  raise.1  to  a  temperature  approochiuj; 
whiteness,  during  u'hicti  the  sodium  carbonate  and  the  silver  ohinrido 
reavt  upon  each  other  :  carUm  dioxide  and  oxygen  esca]H>,  while  metaJHo 
Hilver  and  siMlium  chloride  result:  the  former  melts  into  a  Imttou  at 
bottom  of  the  crucihie,  and  is  easily  detaclied.  The  following  is  peril! 
the  most  simple  method  for  the  ri'diicti(m  of  the  silver  chloride. 
8ilver-salt  is  covered  with  water,  to  which  a  few  drops  of  sulphuric 
are  added  ;  a  plate  of  zinc  is  then  inlrmluced.  The  silver  chloride 
liegins  to  demmiMise,  and  is,  alter  a  short  time,  entirely  omvertod  into 
metallic  silver  ;  the  silver  thus  obtained  is  gray  ami  sjiongy  ;  it  ia  I 
mately  purified  by  washing  with  slightly  acidulated  water. 

I'ure  silver  has  a  jM>rfeot  whit*  color  and  a  high  degree  of  Instro: 
exceedingly  malleable  and  ductile,  and  is  probably  the  liest  conductor 
both  of  heat  and  electricity  known.  Its  specific  gravity  is  10. &.  In  hard- 
ness, it  lies  between  gold  and  c-opper.  It  melts  at  a  bright  red  heat.  Silver 
is  unalterable  by  air  and  moisture  :  it  refujies  to  oxidize  at  any  temjM>ra- 
tun-,  hut  possi-sses  the  extraordinary  faculty  already  noticed  of  absorbij 
utmiy  times  Wt,  volume  of  oxygen  wlien  strongly  heatcil  in  an  atniospli 
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in   .-"itnnion  nir.     Tli<«   ox.yBt-ti  is  oguin  disengntitHl  at  Ilia 

1,  mill  givi«»  rise  to  tin-  pt'Ciiliur  arlKiri"»f<>iit  opiK'nr 

■  til"  ftirttuxf  ot  iriftogiti  cir  hiilton.i  iif  tmrf  silviT. 

:  Lvi)i)H-r  ia  tiiilUrii'nt  to  jirevcnt  the  nlisorptiun 

ivliiii  lii<at««l  witli  fusiblv  silJL'ruus  matter,  as 

"     " from   tliv  formatiiiii  of  a  niliattx. 

I  I  ;  liuiliiig  oil  of  vitriol  i-miviTts  it 
,       ..'ou»  oxiili;  ;  nitrii!  noiil,  evfii  dilllti-, 
•■s  U  r>:,iti\ly.     Tin?  tarnisliing  of  sturfaces  of  silvi-r 
ir  U}  byilrogT<ii  sulphide,  the  metal  haviu^  a  Btroiig 


iUi,u.Uuu  for  liul^diur. 

SilTer  Chlorides. — Two  of  these  compounds  are  known,  contniniiig 
riT5iM:i  tivrlv  1  ;iiicl  '1  atoms  of  silver  to  1  atom  of  chlorine  ;  the  second, 
liii«i>t'>'r,  i«  a  Very  DiisUiljle  comiiouud.* 

Thp    Mfuofhlnridr  or   Argtntic  Chloride,  AgCl,  is  almost   Inva- 

riililr    |iruduccd  when  a  soluble   silver  !<a1t  and  a  soluble  chloriile  aro 

It  falls   as  a  whit«,  curdy  jirei-ipitate,  quite   insoluble  in  water 

r le  atid  ;  one  )iarl  of  hilver  chluride  is siduble  in  2"0  jiartu  of  hydrw- 

>  ntrutj-d,  and  in  alKiiil  H(M.1  parts  when  dilulinl  with 

.1  ■•T.     When  healed  it  melts,  and  on  coolinj;  beinnii-« 

iiifts!t,  which  cuts  like  horn:  it  is  found  native  in 

iliii);    the   honi-silvtr  nf  the    mineralogist.      Silver 

1  liy  liyht,  iKjIh  in  the  dry  ami  in  the  wet  stale,  verjr 

ly  if  jmrc,  and   quickly  if  organic;  matter   Im-   present:    it  is  rinlnewl 

wbeu  put  Into  water  with  metHlllo  zinc  or  iron.     It  dissolves  with 

In  auiuuiuia  and  In  a  solution  of  potassium  eyaniile.    In  nnnlysiM 

iKlon  of  chlorine  or  hydrochloric  acid  in  a  compound  is  always 

:  j)iitatiun  with  silver  .solution.     The  liijuid  is  acidulatL-d 

riiid  an  exerts  of  silver   nitrate  a<lded  ;  the  chlorine  is 

.1   Liller,  or  better,  by  guligideiice,  waahe<l.  dried,  and  fused  ; 

■re^IHlnll  to  '24.1  of  chlorine,  or  25.43  of  hydrooliloric  acid. 

uM    Chlnriile  ,   .Ag,t'l,,  is  obtained  by  treating  the  corresjiond- 

II  with  byilrrHdilori<-  acnl  or  by  precipitating  an  argentons  salt — 

,W,  for  cxampli^— with  conmion  salt.     It  is  easily  resolved  by  heat 

m  hf  smmonia  Into  argentic  diloride  and  metallic  silver. 


nnoride, 

aijneotis 


.\s7,  is  prodn«>d  by  dissolving  argentic  oxide  or 

bydrolluoric  acid,  and  separatt*  on  evajwration  In 

ctohedrons,  which  contain  AgB'.Il,0,  and  give  off 

•1.     Their  solution  gives,  with  hydrochloric  acid,  a 

.'hloride.     When  chlorine  gas  is  passed  over  fused 

•ar«r  rtuoridp,  silvnr  chloride  is  formed  and  tluorinu  is  set  free  (p.  I81»). 

Stiver  lodtde.  Asl,  is  a  pale-vellow  insoluble  precipitate,  produixnl  by 
.llv.r  nilTate  to  potas-nim  iodide;  it  is  insoluble,  or  nearly  so,  m 

I    ,n   ,l:i»    r.->pccl   forms   an  exception   to  the  silver-salts  in 

blained  a  crvstallino  silver  iodide  by  the  B<.<tion  of 
acid  ujion  metallic  silver,  which  it  dissolves  with 
i.ogen.     Hydrimiie  acid  converts  silver  chloride  into 
silver  very  closely  resembles  the  chloride. 


««'ii)rag(*tij- 
Me.     Th 


•  Tlie  »x»it»o™  of  two  «llv»r  ehloililcs  la  utterly  Ineompstlblc  w»h  ♦»«  I^P"' 
,r.l.  Ill" t-n'l'  >'!"■'  wj  chlorine  nremon^.l  element.,  the  oompclMoi  of  lie 
'""  '"  .  not  iKTli«i,»  very  well  «et»hn»heil  i  but   .iii.|.o.ing  the 

I  !,.•  utually  Hated,  lit  constitution  may  b*  rcpresenteil 


■fDtuua  I 
Hormr  to 


by  Ihc  lotmuU 


J> 


Ag/Ol 


In  wliloli  clilorlD«  plays  the  purt  of  a  triad. 
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Silver  OzideB. — There  aro  throe  ox!di>8  of  lilvor,  only  on«  irf 
cnii,  hmVBViT,  0..  ri'yariKnl  OS  B  woll-UeDntHl  coiiipouiid,  naiu«l;  . — 

The  ilonoriJe,  or  Art/tiilie  Oxide,   Ag,i».— Thia  oxuU- is  ■  jiowe 
ful  base,  yiwldiiig  salts  isoiunrphoiui  with  lluxte  of  Ihi'  nIkali-iuvlaU. 
is  obtninixl  as  a  palo-l.ruwn  prfcipilate  ou  luiaiug  i-auBlic  pntuh  l«  a  r 
tion  of  Bilvcr  iiilratB  : — 

2.\gN0,  +  2KU0  =.  A«.0  +  2K.N0,  +  OH,. 

It  is  very  soluble  in  ammonia,  and  in  dlssoIvM  also  to  a  xmall  ••xt<<il 
piiro  watiT  ;  tho  solution  i.i  allcalinn.  Itoci-ntly  predpitatwl  silver) 
rido,  Iwik-d  with  a  solution  of  wiuslie  pota.sli  of  spiHilic  gfuvity  l.il 
converted,  aa-ordiug  to  (Jregory,  although  with  dillluuliy,  into  argi 
oxiile,  which  in  this  caso  is  black  and  vc-ry  dt-nae.  Argentic  oxide  i 
trali*es  acids  oompletely,  and  forms,  for  the  most  part,  coU-rlias  salts.] 
is  deooiiiposed  by  a  ri>d  boat,  with  evolution  of  oxygen,  siwugy  tuef 
ellv.T  buiug  lull ;  Iho  sun's  rays  also  cirocl  its  dccoiupuBition  to  a  l^ 
uxteut. 

Argentnu*   Oxide,   Agfl.* — When  dry  srKontic  citrate  ii>  hoaU 

lOtiO  C.  (2120  F.)  in  a  slreaui  of  hydrogen  gas,  it  loses  oxygeti »  i-- 

dark-brown.     Tho  product,  dissolved  in  water,  givi-s  a  ii:irl< 
tion  ooutainiug  freu  citric  acid  and  argenliius  rilrato,  wliieli 
with  potash  yields  a  precipitate  of  argentoiis  oxide.     This  oxide  i«  •  I 
jMiwdi-r,  very  easily  deuouijKised,  and  soluble  in  ammonia.     The  solij 
of  argeutous  citrnt^t  is  rendered  colorlusa  by  heal,   being  r<aoW«d  i 
orgciitio  citrate  and  metallic  silver. 

AgO 

Silver  Dioxide,  Ag,0,  —       |  , — This  la  a  black  orystaUlDe  inbataoca 
AgU  "" 

whieh  forms  upon  the  jxwitivc  electrode  of  a  voltaic  arrangement  etnpU 
to  deiwimjiose  a  solution  of  silver  nitrate.     It  is  r<'<liicod   by  heal; 
chloriun  when  acted  uiran  by  byilrochloric  acid ;   rxplotlea  whrn 
with  phof^phoras  ami  struck  ;   and  di-uoui|HMKS  solutlim  of  amiuuiila,  ' 
great  energy  and  rapid  disengagement  of  uilrogeu  gas. 

Oxyaalts  of  Silver. — The  nitrain,  ApN'O,,  in  prepare*!  by  rllxsnlij 
silver  in  nilrie  a.i.l,  and  evaporating  the  snlulion  to  dryni->.s,  or  mitil  f 
atron:;  eMouj:h  to  orystalli/fl  on  oooliiiK,     The  erystiils  are  colorlee 
parent,  anhydrous  tabli«,  s<ilubb>iM  itu  ei)ual  wei;(lit  of  oold  and  in  I 
qn.^ntity  of  boiling  water:  they  also  dissolve  in  alcohol.     Thry  f 
heatwl,  like  those  of  nitre,  and  nt  a  hi;;h  tetii|K-rature  suffer  di 
tion  :  the  tiinar  caiutic  of  tho  surgeon  is  sliver  nitrate  wbirh  has  lieon  I 
and  poured  into  a  cylindrical  mould.     The  soil  blackens  when  cj( 
light,  more  particularly  if  organie  matters  of  any  kind  are  preann 
frequently  eiupl"vc<l  to  cnmmtniiente  a  dark  slain  to  the  hair; 
into  the  ooinponitjon  uf  the  "  indi-tible"  ink  used  for  ni»rking  lini| 
black  stain  luis  Iwen   llmufflit  to  lie  mi'tnllic  silvi-r;    it  nia.v  ^ 
argentous  oxide,     I'uro  silver  nitrate  may  bo  prepareii   from  llw 
alloyed  with  copper:    the  alloy  is  dissolved   in   nitric  ai^ld,  th>  mIu 
eTajHirated  to  drrMe»»,  nml  the  mixed  nitratiij  cautiously  heate<l  < 
A  small  )>ortion  of  the  ni>-lted  miu'it  is  removeil  from  time  to  tinin  I 
ination  :   it  is  dissolved  In  water,  llltered,  and  ammonia  add>Nl  to  ! 
COM.     While  any  ooppnr-salt  remains   undi-eomptued,  the  Utjuld  Wl 


*  A^tumln^  th«t  lbl«  fnrmuls  In  oorrect,  nnd  th^t  tllvrr  In  «  mon^ 
mutt  ho  a  teirail  |  If,  tiowever,  lUirr  b»  frgsnlert  <•  a  iti  '»l  of  Iri«i),  ■< 
As Alt  A< \f 


m*jr  be  n*;iro«eatmJ  as      | 
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r,  Mil  whon  tluit  no  lonjror  happens,  tlui  nitrato  may  bo  suffered  to  cool, 
Htlrr-l  II.  v>  iiiT,  lutd  tilurril  ti'uiu  tlie  black  oxide  iil  c<>|<ii<'r. 
,>!i»-  .Vg^-),,  in.V  be  iir.;pare<i  by  boiliug  togcimr  oil  of  vitriol 

Utl  II.  .r,  ur  by  pmipitaling  a  conoeiilralwl  sululiou  of  silver 

1I--  sulphatu.     It  (ligsolvi^  in  &!i  parUi  of  boiling  watt:r, 
:   uu-aj#iir>i  iu  the  cryatalliuu  form  ou  (looiiiig,  being 
!■'  ul  a  low  teuijn-ruture.      It  foriu»  with  atiiiuuliia  a  cryg- 
.iid  w  liit-li  is  Ireely  soluble  in  water,  ooulaiiia  -i<ll,.Ag,bU,, 
r.'  be  regartle^l  liA  tirgrntammwtium  ntljthatt  (MlljAg)^^^'^, 

Kijr,  or  Oillnuiialc,  Ag..!S,",,  i»  a  soluble  iryiitiillizable  .lalt, 
I--   air.     The  (/luixu/yj/iiKc,  .Ag^,U„  is  luitoluble,  while,  awl 
.<<  acconijiositiou  :  it  combines  with  the  alkaline  Ihiosulphalex, 
alilu  couijKiuude  distiuguishml    by   an   intensely   sweet   taste. 
tiXi^Aiuv  liijusulphaleii  di:i«olve  both  oxide  and  chloride  ol  silver,  and 
ri*«<  tu  similar  salts,  an  uxide  or  chloride  of  the  alkaline  metal   being 
ic  ■  formed:  hence  the  use  of  alkaline  thiosulphales  iu  lixiug 

|AalO(-  iires  (p.  "."(>). 

^ih<  is  a  while  insolubla  substance  obtainixl  by  mixing  Kolu- 

iMtat  i'  irate  and  sodium  carbonate.     It  in  blaokeued  and  ii«<xim- 

SQtct  SnlptUde,  Ag^,  is  a  soft,  gray,  and  somewliat  malloable  sab- 

mI   native   iu   the  crystallized  state,  and   easily  produw^l    by 

ther  Wm  (vinatituents,  or  by  |iriH'ipitatiiig  a  soliitiDU  of  silver 

'^ilphido.     It  ii<  a  strong  bulpbur-base,  and  mimbines  witk 

I  :inlimony  aiiil  arsenic:  examph^  of  such  uompounds  are 

uua  111  111'-  ixjutiful  minerals,  tlark  onA  liijlu-rai  inlcer  art. 

LAaunoiiIa  Compound  of  Silver;  lierthollei't  Fulminatiuij  Silrrr,— 
it  a  black,  ex|)l<»ive  oom|^Kiunil,  f»ruie<l  by  digesting  preoipitattsi 
bUc  oxide  in  aiumiinia.  While  nioitit,  it  explodes  only  when  rublH'd 
I  a  )i»nl  tjoily,  but  when  dry  the  touch  of  a  feather  is  sutlieient.     The 

Maonia   n^taiiu  some  of  this  substance  iu  solution,  and  de|K>sit8  it  iu 

mall  cTTstaU  by  s{>oiitaneoiis  evaporation.     A  similar  compound  exists 

■attalnlug  oxide  of  goM, 


I 
I 


|ft»\oM»  mlrer  «alta  are  perfectly  charactwied  by  fhe  wliite  cnrdy  pre- 

ifi   -  ''    !Iv»r  chloride,  darkening  by  exjiosure  to  light,  and  insoluble  in 

■  id,  whirli  is  produce*!  by  the  adilition  of  any  soluble  rhlnriiir, 
;iiercury  arc  the  only  metals  which  onn  be  confounded  with 
llrer  iu  till*  respect ;  but  lead  chloride  is  soluble  to  a  preal  extent  in 
liling  water,  and  is  deposited  in  brilliant  acicnlar  crystals  when  the 
Intion  cools  ;  and  nierenrous  chloride  is  instantly  blackened  by  ammonia, 
h.T-'».«  -"ilrer  chloride  is  dissolved  thereby. 

of  silver  are  n-dueed  to  the  metnllic  state  hv  irmi,  m/tprr, 
I  other  metals.  They  give  with  Ai/(/m'/<'ii  ct//)/oV/<^  a  black  pri*- 
i  argentic  sulphide  insoluble  in  aniuioniiini  snlpbide;  wilb 
itic  nllaliniy  a  brown  precipitate  of  argentic  oxide;  and  with  nlhilinr 
a  white  precipitate  of  argentic  carbonate,  both  precipitates 
bring  eaiiily  noliible  in  ammonia.  Ordinary  xxlium  fJiKsjilmlr  forms  a 
yellow  prrcipilate  of  argentic  orlbophosphate ;  jutiaxitium  cltrumate  or 
Utinmatt,  a  rod-brown  precipitato  of  argentic  chromate. 


Tlnf 


economical  nses  of  silver  are  many:   it  is  admirably  adapted  for 
inarr  and  other  similar  purposes,  not  being  nttiuked  in  the  slightest 
B<r  of  the  substances  used  for  food,     it  is  neoeiisary,  liowever, 
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nucuiisnrily  supposes  the  previous  formation  of  a  pyroeulpliatci,  N^S,( 

^■3^(),.so,. 

Sodium  Hyposulphite,  NnjS(\. — Tliis  suit  is  prodiutMl  hv  ihf 
diziiig  autioii  ol  xiut-  uii  llii.-  sulplitti',  Nn^O,.  Its  prvparalinn  Imi-  nirrady 
bi.*cu  ijesuribed  (p.  1^7).  It  crvHtfltlizKS  in  novdli'ii  xolubli.'  in  uutvr  and 
ill  Weak  spirit,  tin-  solution  oxliitiitiii);  strong  liU-adiing  and  rtiliu-iug  pro- 
I»iTtii-s.  The  oryMtals,  « Inn  L-xpoaed  to  the  air  in  tlie  moist  slate,  rapidl/. 
Im'oouil'  liot  from  di-oxiitation,  a  property  by  which  this  suit  is  di<  " 
guisheil  from  tlie  tliiosulphate. 


Sodium   ThioBulphate,   Na^,0„   formerly  called  hy/mml/Jiitv. 
salt  is  loruied  Iriuii  tlo'  siil|ihite,  NajSOj,  by  addition  of  sul]jliiir. 
are  several  modes  of  jirocuring  it.     One  of   tlie  best  is  to  form   nealral 
mxliuHi  tul/ihale,  by  passing  a  stream  of  well-washed  sulphurons  oxide 
into  a  strong  solution  of  sodium  enrlmnate,  and  then  digesting  the  soil) 
with  sulphur  at  a  gentle  beat  during  several  days,     liy  careful  evap 
lion  at  a  moderate  teiuperalure,  tlif  suit  is  ohtniiu'd  in  large  regular  i 
tals,  which  are  very  soluble  in  water.      It  is  Uhed  in  considerable  quantities 
for  ]diotographic  purjiost^,  and  as  an  aiilicblore. 


did^ 
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Sodium   Phospbatea. — The    i^oraposition  and  chemical   relatto 
these  salts  have  already  bceu  cxplaiuMl  iu  speaking  of  the  basicity  of  I 

(p.  2«6).  

Dilmliohijdric  Plinfiiliiilr,  or  Dinodic  Orllinjihofiihalr ;  ( tmiwem  Trilmnc  Ftef- 
pliale,  NojUPO,.  1211,0. — This  salt  i»  prepan-d  by  precipitating  the  acid 
ciiU'ium  phosphate  obtained  in  det.(>iii]>osing  boue-nsh  with  sulphuric  acid, 
with  a  slight  excess  ot  sodium  cnrlitoiiate,  and  evn|><irntiijg  the  clear  liquid. 
It  ciyslnliizi's  iu  oblique  rliDUibic  prisms,  which  are  efflorescent,  llie 
crystals  dissolve  in  4  parts  of  cold  water,  and  undergo  aijueous  fusion 
when  heated.  The  salt  is  hitler  and  jmrgative:  its  solution  is  alkalins 
tesl-jiaper.     Crystals  c<>ntaining  7  molecules  of  water,  and  having  a  I 

different  from  tiiat  aViove  mentiiaicd,  have  been  obtained.  

A  IrisDilir  nrthni>hoit]iliatr,  sometinii-s  called  mhphofjihalt,  Na,P0,.12H,0,  b 
obtained  by  adding  a  solution  of  caustic  soda  to  the  prectxiing  salt.  The 
crystals  are  slender  six-sided  jirisms,  sululib-  in  five  parts  of  i-old  water. 
It  is  de<ioinpos<>d  by  acids,  even  carbonic,  but  Buffers  no  change  by  heat, 
exrept  the  los-s  of  its  water  of  crystalliiution.  Its  solution  is  stiongly 
alknlinii.  Mnmttotlir  orlhoiilimphntr,  NalljI'Oj.HjO,  oft<'n  calle<i  8U|H-r]dii.«- 
phiite  or  biphasphate,  may  Im-  obtained  by  adding  jdinsjihoric  acid  to  the 
ordinary  phosphate,  until  it  ceasi.-s  to  precipitate  barium  chloride,  and 
ex|>osing  the  camcentrated  solution  to  c<dd.  The  crystals  are  prismatic, 
very  soluble,  and  have  an  acid  reaction.  When  strongly  heated,  this 
■alt  iH-eoines  changwl  into  monobasic  sodinin  phosjdiate,  or  metaphosphate. 
SinJium,  Ammoniiiin,  iiiirf //yi/rojcn  PlwK/iliiitr ;  I hosphoms  ><ill;  Mimnama'c 
Sail,  Na(NII,)IU'<»,.4ll,0. — Six  parts  of  (.•<iiiuiion  soilium  pho»phnte  are 
heate<l  with  2  parts  of  water,  until  the  whole  is  liqiteli.-d,  and  one  p.irl  of 
powdered  sal-ammoniac  is  added  ;  «iiiimon  salt  then  separate*,  and  may 
lie  removed  by  a  filter;  and  from  the  soliniuu,  duly  concentrated,  the 
inicrocosmic  salt  is  dejsisited  in  prismatic  crystals,  wliich  may  be  purified 
by  one  or  two  recrystallizalions.  Microcosmic  salt  is  very  8<diible.  When 
gently  heated,  it  parts  with  its  4  molecule*  of  crystalli»ation-water.  and,  at 
a  higher  temperature,  the  basic  hydrogen  is  likewise  expelled  as  water, 
together  with   ammonia,  and  a  very  fusible  compound,  sodium  uieLtphos- 

Sliale,  remains,  which   is   valuable  as  a  Hux   iu  blow-pipo  experiments, 
iurocosmic  salt  occurs  in  decomposed  urine. 
Telraaodic  Miot/Juile,  or  Sodium  Pyrophotpiate,  N»4p,O,.10n,O,  is  prepared 
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tW  IntUorwk.  or  A»nc  cUortdt,  AuCI,,  tg  tliu  most  important  compound 
«l  fnU :  it  1-    -■-  j.ro<luot»l  wlii-ii  p>lil  is  •lissolvi'tl  in  nitro-murintio 

Ifii.     Tb»    "  >    siilutimi   tliii.s  obtaiiKMl  yii'Ms,   hy   cvaporatiDii, 

j<A\)im  rrjfXu loulili'uhluridc  of  gulil  and  hyilnigoii  ;  when  this  is 

fUUkKuly  iinktod,  bydroclituric  arid  is  cxpi'Iled,  and  thu  r(.«idai',  on  oooU 
tup,  ailiiliCe«  to  a  r««cl  cTystallinu  mass  of  auric  i-liloride,  wry  dt-litiueswnt, 
Uk)  »olnbl>'  in  water,  aU'ohol,  and  i-thor.  Auric  (Oilorid(>  ciombinus  with 
*  nnmb^r  nf  mxialtic  chturidt-A,  forming  a  fit^ri<-s  of  double  f>alt<>,  called 
nl  which  the  general  fomiuin  in  the  anhydrous  stitti-  is 
r-st-nting  an  atom  of  a  mona<l  metal.  These  eninpoundii 
aivnv-'  ulien  in  crystals,  and  rM  when  deprive<l  of  water.    Tho 

l,C'I.AuCl,.U,0,  c-rystalli7.es  in  tr.insparent  needles;  the 
I  ,.\iiClj,2li,0,  in  long  four-sidi-d  prisms.  Auric  chloride 
nirtrto*  kavaa  crTstalliue  double  salts  with  tho  Lydrochluridea  of  nuiny 
at;*»tc  bwwa. 

A  luxtnn'  <>f  auric  chloride  with  exrosa  of  acid  potassium  or  sodium 
ari<aut«  i*  nse<l  for  gihling  small  omami^ntal  articles  of  copper  :  these 
lfttfii*a«d  by  dilute  nitric  aciil,  and  then  Ixiiled  in  the  mixture  for  somo 
kat,  bjr  whicU  means  thev  acquire  a  thin  but  perfect  coating  of  rc^duced 
pM. 

1. — Tlie  monoxide,  or  Auroiu  oxide,  is  produced  when  caustic  pot- 
4aU>~>ii  is  poured   upon  tho  raonochloride.     It  is  a  gruen  {lowdur, 

labia   in    the   alkaline  liquid  ;    tho  solution   rapidly  decom|Kiges 

ita  iDvt^lic  gold,  which  subHidm,  and  aurio  oxide,  wluok  remains  dis- 

;  nxtdf,  AUjOj. — Wlien  magnesia  is  addml  to  auric  chlo- 
ingly  soluhle  aurate  of  nfugni'siuui  well  washed  and 
:  acid,  auric  oxide  is  left  as  an  insoluble  reddish-yellow 

r"~ij#r,  which,  when  dry,  l)eoome8  chestnut-brown.     It  is  easily  reduced 
h-;at.  fttid   by  mere  ex|s>sure  to  light;  it  is  insoluble  in  osygen-acids, 
»  :■  option  of  strong  nitric  acid,  in.'soluble  in  hydrolluoric  acid, 

:  veil  by  hydrochloric  and  hydrobromio  acids.     Alkalies  dissolve 
.  ;   iuile<>d,  the  acid  properties  of  this  su1>stanc«  are  very  strongly 
1  :   it  partially  decomposes  a  solution  of  potassium  chloride  when 
•'i    that   liquid,  potassium    hydroxide    being    produuud.     When 
ii  ammonia,  it  yii-lds  fulminating  gold,  oousistiug,  according  to 
!   Au/),.4.NI1,.11,<). 
unds  ol  auric  oxide  with  alkalies  are  calliKl    au  rates.     The 
'.    K|O.Au,<l,.UIl,0  or  KAuU,.^tll]0,  is  a  crystalline  salt,  the 

:    »  til'  li  is  sometiuii'S  used  as  a  bath  for  elcHitro-gilding.     A  cnm- 

■  'I  <-'   :iiir  lie  and  aciil  suljibite  of  j>otaSbium,  or  ftotanMiitin  aurosiiipfiite, 

'  ).U,0,  is   dejiosited   in  yellow  needles  when    potassium 

drop  hy  drop,  to  an  alkaline  solution  of  ]>otussiuni  aurate. 

:  little  tenJemy  to  form  oxygeu-salts.     Auric  oxide  dis- 

«(rw  .itric  acid,  but  the  solution  is  decom]>osed  by  eva{H>rnthiU 

ordilii  »/io-<«Mroi« //iiosiiZ/t/io/r,  N,i,Au{S,0j),.21I,0,  is  prepared  by 

'iitrattKl  solutions  of  auric  chloride  and  so<lium  thiosul- 

;  ^'    il.itatiug  with  al.ohol.     It  is  very  soluble  in  water,  ami 

ji  colorli-8»  needles.     Its  solution  is  used  for  fixing  daguerreo- 

■  *.     With  Viarium  chli'ride,  it  yields  a  gelatinous  precipitate  of 

■i.-ui  iliuuuljJiait,  Iia,Au,(t?^0,),. 

,    inSMo.  -_!«,, ,Mjt  nJ/Jiidi',  .\u^,  is   formed  as  a  dark-brown,  almost 

when  bydrogeu  sulphide  is  passe<l  intoalxiiling  solution 

It  forms  sulphur-salts  with  the  monusulphides  of  potos- 

(wm  soti  wHiuiio.     Aanc  tuljJhuJr,  .\u,S„  is  precipitated  iu  yellow  Hooka 
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when  liydr^cn  Bulpliidc  i»  pass4Ml  into  a  oolii  <lilat»  golqtiaii  of  miric  ehl 
riclo.     Uoth  tbcBo  sulphidM  dissolve  in  Ammonium  sulphidi-. 


Till'  pri'SPiico  of  cold  in  solution  may  Ix-  drloctrtd  \>y  tlm  drown  prwij. 
tafi-  willi/f(T«ii»  s^ffiliiUr,  funiblo  Ijeforo  Hit-  lilow-pijx*  to  a  buad  tif  iin'talll 
gold  :  uUob/tlie  brownisli-piirplo  prouipitaU',  i;ulle<l  "  Puipio  of  Cosiiiii* 
forniinl  when  tlanimm  rliloriile  ij  nddud  to  dilute  gold  sohitioun.  T)i<r  cc 
podilion  of  lliis  pri'cipitutu  ia  not  cxnctlj-  known,  but,  .tnor  i|;nition, 
doiibtlt;gs  couHistii  of  a  mixture  of  stannic  oxide  and  mctiillic>  );oid.*  Jt 
UHod  in  unauifl  jmintin^. 

Osiilir  arid  slowlv  ri'iliKva  gold  to  tho  mi?t."»llic  8lttt«< :  to  inaurv  oompU 
prL-oipitntion,  the  gold-solution  must  b«  digi<Hl<><l  with  it  for  24  hold 
For  tlio  ijuiuititntirc  anlll,v»l^  of  nHolutjon  c<mtnining),'iild  andollii-rnMtJi 
ox.ilio  mid  i<,  in  uiosl  iiisi's.  ft  nmro  fonvrnii'nt  prnliiitdnt  timn  for 
sulplinte  ;  inasniuoli  ;ik,  if  llio  ijUHnlltic!)  of  tlix  otlixr  nii-tnU  arr  al» 
bo  dKlcrniiui-d,  lint  pri-«cnr(!  of  ii  liirge  quantit/  of  irou-siUt  ma^ 
pUcatv  tbv  auolyBiD  uonaldorabl,v. 


Gold  inti'ndod  for  coin,  nnd  most  othc-r  pnrposns,  is  AlHA.ri*  alloya 
a  certain  prnpiirlion  of  Hilvi-r  or  iii|)|Mir,  lo  ineri'iuxi  >t»  liiirdnoM  i 
bilit,y  :  tlio  llrNt-nnmxd  moliil  confrrs  n  |i:iU>-gri<i>nish  color,    Kn/j;liBl| 
ard  gold   contains   ^'j  of  alloy,  now  aluruys  copju-r.     Unid,  wli»u 
Willi  »i|i|>i'r,  may  lu'  cittiniatcd  by  fusion  in  a  (.uik-I  vrItU  b'rut.  In  tt 
vrny  ««  »ilv<'r  (p.  32-).      If  llin  ulhiy  Iw  fri'o  fmrii  silver,  llio  wvighf 
globule  of  gold  l>-ft  in  the  cujul  will,  nfter   ri'iwatdl  fusions,  a<x 
represi'nt  Ibe  tjuniitity  of  gold  which  is  jiruHent  in  the  Blli>y.      Bu 
alloy  contains  silvr,  the  nii'l.il   rxnuiiue  with  the  gold  nnor  ruf 
In  this  case  the  original  nlloy,  couhisting  of  golil,  silver,  and  mppoi 
fusixl  in  the  mulDe,  liigether  with  leiul  and  silver  ;  Iho  nlloy  of  t,''>ld 
silver  roiuaiiiitig  »n<'r  cuiM-llntion  ix  then  tHjiUnl  with  nitric 
dissolves  the  silver,  theguld  Iving  left  Ixdiind.     By  treatmttnt 
of  golit  and  silver  uilli  nitric  acid,  nn  accurate  se|mriition  is  olitmuQ 
when  the  two  metals  are  ]>resent  in  certain  pro|uirtion9.      If  the  bI|| 
liiiiis  but  little  silver,  that  metal  is  pniteiled  fmm  tho  neti.,ii  ,.t  i\„ 
Boid  by  the  grilJ  ;  again,  if  it  contiiiiis  tou  much  silver,  i 
a   (juwder  wlo-n  the  silver  is  dissolved  out.     HxiHirienr< 
the  niDSl  favorable  pro|>orti<oi8  are  j  gcdd  lo  J  silvi-r  ;  the  g"ld  i»  Ibm  ' 
pure,  retaining  the  original  Nha|R>  of  the  alloy,  and  can  bo  easily  dr 
and  weighed.     The  quantity  of  silver  which   is   addinl   to  th»  alhi^  tilt 
therefore  vary  with  the  lunount  of  gold  whii'h  It  niiituiiis. 

(Jiilil-lraf  is  tniid«  by  rolling  out  plates  <if  pure  gold   as  thin  - 
•nil  then  l>eating  thi-m  between  folds  of  menibr.tue  with  a  bea 
until  the  re(iuisile  degree  of  tenuity  lias  been  readoxl,     Tho  [; 
to  adhere  to  wissl,  etc.,  by  siio  or  varnish, 

Uilding  on  copper  has  very  generally  l>oen  pirrformwl  by  dlpphii?   tj 
arlirl<-«  into  a  solution  ot  mercury  nitrate,  and  tlien  ><bnV 
small  lump  of  a  soft  amalgam  of  g<dit  with  that  mi<t,il.  vl 
tpread  over  their  surfaci*  :    the  artich's 
ifie  merourv,  and   then   burnislu'd.     fiii 

»ppl "••■'-" '  ■■— ■    ■'■' ' 

fa. 
Uil 

Sivl 

11.,.. 
ill  M  inttuUuu  ul  jjolAMituu  iyaiudiJ. 

*Orafc*ai'i  Dentcnli ol  <  nrmi.r.- 
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OROCP    I.— METALS   OP   THE   ALKALINE   EARTHS. 


BARIUM.* 

Atomic  Weight,  137.    Symbol,  Bft. 

Tm»  Bietal  ocean  almniliuitly  a<i  suljiliate  and  carlionatc,  fonnin);  tlie 
<■■*■»  IB  iiuuiy  Iea<i  iiiiiiKft.  Davv  ul>laiiic<l  it  in  tliu  metallic  t>tat<;  by 
MMis  tlmilar  to  lUimo  ileecrilH^d  in  the  vjme  of  litbiiiin.  Diiiuen  subjects 
iMioat  cLKtf-iiltf  uilxed  to  a  pa£te  witli  n-at<^r  and  a  little  hydrochloric  ai^id, 
M  ■  Ixnpurature  of  KxiO,  to  the  action  of  the  electric  current,  UBing  an 
iBll|.liliiliil  ijlalinuut  wire  aa  the  negative  pole.  In  this  manner  thn 
■ilal  M  obtAineil  as  a  solid,  hi);hly  ervstalline  anialf^am,  vliirli,  when 
k<x!»i  ill  A  <treaui  of  hydrogen,  yields  barium  in  the  form  of  a  tiiDii-di<d 
t  .od  on  the  surface,  but  often  exhibiting  a  silver-white  lustre 

L  •■      Barium  may  also  be  obtained,  though  impure,  by  passing 

111  over  the  re<l-hot  chloride  or  oxide  of  barium.     It  is 
.•^luw  a  red  heat,  decomposes  water,  and  gradually  oxi- 
I  in  iti'   iiir- 

PmIBI  Cblotlde,  DaCl,.  211,0. — This  ralnahle  salt  is  prepare<l  >iy  dis- 

MMng  Ik*  native  larlKMiate   in    bydrxihlorie  acid,  lillcriiig  the  snlulinn, 

aait  tfttfonxing  until  a  pellicle  l>egins  to  form  at  the  surface:    the  solu- 

Um no  cnnting  deposits  crystals.     When  native  cailmnate  cannot  be  pro- 

«si«d,  the  native  sulphato  may  be  employed   in  the  following  manner : 

Tbcsulphatu  is  reduc<'d  to  fine  p<iwdcr,  and  intimately  mixed  with  ono- 

Ikj't  of  its  weight  of  powdered   coal  ;    the  mixture  is   pressed   into   an 

•uiluin  rrtiribic  to  which  a  cover  is  fitted,  and  ex]Mised  for  an   hour  or 

■vre  to  a  high  nxl  heat,  by  which  the  sulphate  is  converted  into  sulphide 

<t  tke  exi»-u<^)'  of  the  combustible  matter  of  the  coal  ;    the   black   mass 

IkMobtainevl  is  (lowdered  and   boih^l  in  water,  by  which  the  sulphide  ia 

4MiTcd  ;  and  the  solution,  filterral  hot,  is  mixed  with  a  slight  excess  of 

Vfl'oc'tloric  acid.     Barium  chliiri<le  and  hydrogen  sulphide  are  tlieu  pro- 

4i«n(,   the    latt<-r  escaping    with   effervesoence.     Lastly,   the  solution   is 

j.arate  &ny  little  insoluble  matter,  and  evaporated  to  the  orys- 

,      lit. 

iiie  cryKiaU  of  bariom  chloride  are  flat  four-sided  tables,  colorless  and 

Otaapvenl.    They  contain  two  muli-culia  of  water,  easily  driven  off  by 

I    bat.     100  parts  of  water  dissolve  43.5  parU  at   15. 50,  and  IH  parts  at 

10Cy>,  which  is  Uie  boiling-point  of  the  eaturatud  solution. 

Hi;  Sam  Oxldo«.— The  .Hnnnndf  or  Bari/tti,  B»0,  is  best  prepared  by 

I  ".-ins  the  crystallized  nitrate  by  heat  in  a  capacious  poroidain  cru- 

util   r<Hl  vapors  are  no  longer  disengaged  :  the  nitric  acid  is  then 

I  iiitu  nitrons  acid  and  oxygen,  and  the  baryta  remains  Ix-biml  in 

!  fa   grayish  spongy  mass,   fusible   at  a  high   degree  of  heat. 

W  •iii>d  with  water  it  roinbines  into  a  hydrate,  with  great  eleva^ 

l.^.  ...   ..  ...(wraturo.     The  I/i/Jroxiilc  or   Ui/ilraic,  lJall,0,=  UcO.UjO,   is 

•  rr<»m  Jm*',  tie«Tj,  'n  altaitoii  to  the  ip^at  •peeiflo  p-aTltj-  of  (he  natite  oar- 
koual*  aail  sulphat*. 

2S» 
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prepared  .fii  the  large  scale  liy  decomposing  a  Uot  conc«ntrAtod  solution  ( 
barium  oblnrijf*  with  a  suliition  of  caustic  guda  ;  on  uouliiig,  crvsliil!> 
luirium  hyilrnte  are  (icixisiti-d,  wliidi  may  he  purilleii  by  re-crystallizatio 
In  till!  lalwratory  barium  hyUrntc  is  often  jireparod  by  Iwiliiig  a  stroll 
solutiim  of  (lie  Hulphiilc  witli  small  successive  p<irtions  of  Mack  oxide  ( 
copper  until  a  drop  of  the  liijuiil  cea:^L!9  to  form  a  black  precipitate  wil| 
lead  salts  :  the  filtered  liquid  on  c<K>liiig  yieMs  crystals  of  the  hydrati 
The  crystals  of  barium  hydrate  cnutaiii  BalljOj.SAq.  :•  they  fuse  •^asilj 
aiii  lose  their  water  of  crystallization  when  strongly  heatetl,  leaving 
hydrate,  ltall,0,,  in  the  form  of  a  white,  soft  jKiwder,  having  a  great 
traction  for  carlxmio  acid,  and  soluble  in  2U  parts  of  cold  and  2  parts 
bt:iiling  water.     The  solution  is  a  valuable  reapiit :  it  is  bij;hly  alkalis 
to  test-paiM-r,  and  instantly  rendered  turbid  by  the  smallest  trace  of  i 
bonio  aoiJ. 

The  iJiiiriile,  IlaO,,  nuiy  be  formed,  as  already  mentioned,  hy  expoxil 
baryta,  heated  to  full  rcdni-ss  in  a  iKircelaiii  tuls',  to  a  current  of  pu 
oxygen  g;is.     It  is  pray,  and  forms  with  water  a  while  hydrate,  which 
not  decomposed  by  that  liquid  in  the  cold,  but  dissidves  in  small  qu&ntitj 
llarium  hydrate,  when  heatwi  to  nxlness  in  a  current  of  dry  stmuspher 
air,  loses  its  water,  and  is  converted,  hy  nbsorptiim  of  oxyt:en,  into  barlv 
dioxide,  from  which  the  second  atom  of  oxygen  may  lie  exiK'lle<l  at  a  higli^ 
temperature.     Uoussingault  has  prof>05ed  to  utilize  tlii'Se  reactions  for  til 
preparation  of  oxygtMi  U[mhi  a  lari;e  scale.      The  dioxide  may  als<i  lie  ma 
by  heating  pure  baryta  to  redui-ss  in  a  pliitiiiuui  crucible,  ami  then  gradll 
ally  adding  an  equal  weight  of  potassium  chlorate,  whereby  l>ariiim  dioxid 
and   potassium   chloride  are   priKluced.     The  latter  may  be  extracted 
cold  water,  and  tlio  dioxide  left  in  the  state  of  hydrate.     It  is  nseil  for  tl 
jireparation  of  hydrogen  dioxide  (p.  14S).    Whi-n  dissolved  in  dilute  acid 
it  is  decoiiiiiiisivl  liy  pota.ssium  bichromate,  and  by  the  oxide,  chloride,  Kl] 
pliate,  and  carlionate  ui  silver. 

Oxysalta  of  Baiinm. — The  XilralK,  Ba(NOj),,  U  prepared  by  metho 

exactly  similar  to  lliose  adopted  for  preparing  tlie  chloride,  nitric  acid  f 
iug  sulistituled  for  hydriK'hIoric.  It  crystallizes  in  transparent  colorlo 
ocloheilrons,  which  are  anhydrous.  They  require  for  solution  S  parts  I 
cold  and  3  parts  of  l»iling  water.  This  salt  is  much  less  soluble  in  dilut 
nitric  acid  than  in  pure  water:  errors  sometimes  arise  from  such  a  precip' 
tate  of  crystalline  barium  nitrate  luiing  mistaken  for  sulphate.  It  disag 
pears  on  heating,  or  by  large  alTusion  of  water. 

The  Salpluitt,  IJadt),,  is  found  native  as  liravi/  nf>ar  or  l>,iri/tct,  often  bpan 
tifully  Rrystallize<l :  its  spoiiifio  gravity  is  ns  high  as  4.4  to  4.8.     Thii  < 
pound  is  always  prmluciKl  when  sulphuric  acid  or  a  soluble  sulphate 
mixed  with  a  solution  of  a  barium  salt.     It  is  uot  sensibly  soluble  in  wai 
or  in  dilute  acids:    even  in  nitric  acid  it  is  almost  insoluble:   hot  oil  i 
vitriol  dissolvi-s  a  little,  but  the  greater  part  separates  ag.iin  on  cooling 
llarium  sulphate  is  now  produced  artiflcially  on  a  large  scale,  and  is  iiso 
as  a  substitute  for  wliitelend  iu  the  iiKaiiufiicture  of  oil-pnints.     The  suli 
phatc  to  be  usetl  for  this  iiur|)o.se  is  precijiitaliil  from  very  dilute  solutional 
it  is  known  iu  commerce  as  llu/ic  Jire.     I'owdereil  native  l>ariuni  ^ulphati 
being  rather  crystalline,  has  not  sulTu-ient  tiody.     For  the  prtsiuclion 
sulphate,  the  chloride  of  barium  is  tirst  prepared,  which  is  dissolved  in 
large  quantity  of  water,  and  then  precipitativl  by  dilute  sulphnrio  acid. 

The  I'arbomite,  liat't),,  is  found  native  OS  ■riV/imd',  and  may  be  fiirmo 
artillcially  by  precipitating  the  chloride  or  nitrate  with  an  alkaline 

•  Tlio  •yiiibol  Aq.  (abbreviation  of  aj/ua)  la  oftcD  used  it>  •leootn  water  of  er 
lalllK.tllon 
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,  or  atbntuUe  of   amtnonia.     Il  is  a  lu-avy,  wliite  jKiwdi-r,  very  spn- 
'  MilaV>)»  ill   wat«ur,    and   I'hiefly  usuful  in  thf  i>ii'parulion  of  otluT 

Btiinm  SalplUdea. ^The  Mnaatul/Jutlf,  BaS,  U  obtainod  in  llw  man- 

Malr'.iv  <l»^i  iii.t.-il  (^i>.  3—1);  llii-  liighcr  suljiliiilcs  uiiiy  be  foiiui-d  by 
kalilg  it  wuh  sulpbur.  15ariuiu  muuo!iul]>hiilu  Lryxtallizes  from  a  hot 
•liUub  la  tliin,  nearly  colorless  pliiU*s,  whicb  contain  water,  an<i  art-  uoi 

"f-y  are    rapiilly  altt-rert  by  tbu  air.     A  strong  sululii>n  of 

I  xy  be    eJui»loy«l,  ui>  already  dviiuribed,  in  the  preparation 


llntJatH  of  liarinTn  liytlrate,  nitrate,  and  ebloride,  are  constantly  kept 
liLutatory  m»    i-bfUiicul   teals,  Dm  lirat  being  eiiipb)ye<l  to  ellect  tli» 
•rv.il. u  ..I  .'i.rtiikuio    jn-ifl   from  certHin  g!U<eou8  uiixturvs,  and  tlie  l«o 
Li  !iutphiiric  acid  from  solution. 

-:tlu>  art^  poiKonouK,  wbich  ia  not  the  case  with  those  of 
iUuuUuu.     iut  tiiuir  reactious,  too  page  3U8. 
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STRONTIUM. 
Atomic  weight,  ft?  e.    8yinbul,  Sr. 

T(i  mrtal  Rtrontiniii  may  be  obtained  from  its  oxide  by  m<>;<nB  sinjilar 

IklluMi  dtscTilxnl  ill  tlio  ciiKf  of  liarium  :  it  is  UKually  de»cril^H-d  aB  a  nliite 

ivui,  teary,  oxidizalile  in  tlic  air,  and  capable  of  decomjxisin);  water  at 

caaaMB  titupursttirex.      Mntlhiessen  states,  however,  that  it  has  a  daik- 

;db«  mliir,  »»k1  «peiific  gravity  2.fH4.     He  prepares  it  by  fillinp  a  i*mall 

mclbli*  haviii);  a  |xiiou!i   lell  with  auhydroua  xirontium  chloride  mixed 

■  nil  Mime  aniiiioiiiiiiii  chloride,  so  that  the  level  of  the  fused  ebloride  in 

.ii'h  hifiber  than  in  the  crucible.     The  negative  pole  placed  in 

,-ts  of  a  very  fine  inin  wire.     The  positive  pole  ie  an  iron  cyl- 

in  the  crucible  round  the  cell.     The  heat  is  regulated  so  that 

1  -  in  the  cell,  and  the  metal  collects  under  IIiIk  crust. 

Mimojule,   or  •SlroHtia,  SrO,  is    best   prepared    l»y  decomposing 

.  lib  aid  of  beat :   it  resembles   baryta  in  almost  every  pnrticn- 

like   that  Hiilistiuice,  a  white  hydrate,  soluble  in  water.     A 

!  oolution  deposits  crystals  on  cooling,  which  cYintain  SrH,0,. 

1  to  dull  rwliieBS  they  "lose  the  whole  of  their  water,  anhydrous 

'   't.     The  hydrate  has  a  great  attraction  for  carbonic  acid. 

,  is  prej.nri-il  in  the  same   ninnner  a.s   barium  dioxide  ;  it 

•I  '-r  the  latter  in  making  hydrogen  dioxide. 

and  sulphate  of  strontium  serve  for  the  prepara- 
:  -  by  means  exactly  similar  to  those  already  descrilied 
a»n  at  bariam  lalta :    they  have  a  very  feeble  degree  of  aolubility 
r. 

■  '-i/tr,    SrH,,    OTystallisea   in    colorless    needles    or   prisms, 

Iv  rteliiiuescent,  ami  soluble  in  2  parts  of  cold  aud  a  still 

..my  of  boiling  water:    they  are  also  iiolublo  in   alcohol,  and 

n.  when  kindled,  bnma  with  a  crimson    flame.     Tlie   cry.staU 

I '.-«  of  water,  which  they  lose  by  heat:    at  a  liigher  tern 

1  ide  fuses. 

If,  SrCNO,),,  erystallizoa  in  anhydrous  octohedrons,  which 
ttumre  far  Mlation  6  parts  of  oold  and  aliout  half  their  weight  of  Imiling 


th. 

ti-ji  i,f  • 
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waler.     It  ia  principally  of  valae  to  the  pyroti-chnist,  who  <nnpl<^-H  it 
the  composition  of  tli«  wcll-lciiown  "  red  lir«."* 

The  spci'ial  phuuumt'ua  fxhibitcU  hy  struiitium  oumpounda  are  mentio 
on  pugu  bS. 


CALCIUM. 

Atomic  weight,  40.    Symbol,  Ca. 

CALrirM  is  one  of  tlio  most  nluiiulant  ami  widolv  iliffuswl  of  the  Tn«t.ili 
though  it  U  urviT  fiiuiid  ill  thu  (r>-ii  stato.  Ai  I'urliountc,  it  occurs 
grt-at  variety  uf  foriiisi,  cunntitutii));,  as  liinestone,  entire  mountain  rangn 
t'alcium  yeas  obtaimil  in  an  ini|iiire  state  liy  Davy,  by  means  similar 
tluise  a'lopt^^l  for  the  preparnliim  of  hnriuui.  Mattliiessen  prepar»«  tl 
pure  metul  by  fusing  a  mixture  of  two  molecules  of  calcium  chloride  aa 
one  of  strontium  eliloride  with  sorae  chloride  of  ammonium  in  a  small 
celiiin  crucible,  in  wliieli  an  iron  cylinder  is  placi-d  as  jxsitive  jKde,  audi 
]>oiuted  iron  wire  or  a  lilllu  rod  of  carlxin  connected  with  the  zinc  of  ll 
battery  is  ma<le  to  touch  the  surface  of  the  liquid.  The  ri>duc<'d  mrt 
fusi^  and  drops  off  from  the  point  of  the  iron  wire,  and  the  bead  is  remove 
from  the  liquid  by  a  small  iron  S])atula.  Lii's-liiHlart  and  Ciobin  prepa 
calcium  by  igniting  the  iodide  with  an  equivalent  quantity  of  sodium 
an  iron  crucible  having  its  lid  screwed  down. 

Calcium  is  a  liglil  yellow  metal  of  sp.  gr.  1.5778.     It  ig  about  as  1 
as  gold,  very  ductile,  and  may  be  cut,  file<l,  or  hammert>d  out  into 
as  thin  as  the  finest  paper.     It  tarnishes  slowly  in  dry,  more  quickly 
dinip  air,  decomposes  water  quickly,  and  is  still  more  rapidly  actixl  up 
by  dilute  acids.     Heated  on  platinum  foil  over  a  s]>irit-lamp,  it  burns  wilj 
a  bright  Hash  ;  with  a  brilliant  light  also  when  heated  in  oxygen  or  cbli 
rine  gas,  or  in  vapor  of  bromine,  iodine,  or  aulphur. 

Calolnm  Chloride,  CaClj,  is  usually  prepared  by  dissolving  marble  In 
hydrochloric  acid  ;  it  is  also  a  by-product  in  several  chemical  manufac- 
tures. The  salt  separates  from  a  strong  solution  in  colorless,  prismatic,  and 
exdixliugly  deliquescent  crystals,  which  contain  6  molecules  of  water. 
By  he^t  this  water  is  expelU-<l,  and  by  a  tem]H-rature  of  strong  ignition 
the  salt  Is  fused.  The  cryslnls  reduced  to  powder  are  employed  in  til 
pro<luclion  of  artificial  ctdd  by  Wing  mixed  with  snow  or  |iowdere<l  icai 
and  the  chloride,  strongly  dried,  or  in  the  fused  state,  is  of  great  use 
desiccating  gases,  for  which  purpose  the  latter  are  slowly  transmittc 
through  tul>es  filled  with  fragments  of  the  .salt.  Calcium  chloride  is  all 
freely  soluble  in  alcohol,  which,  whcu  anhydrous,  forma  with  it  a  dcfiuiti 
crystallizable  comi>ound. 

Calcium  Flaorlde,  Fluor-Spar,  CaF,. — This  aubatance  is  impnrta 
as  the  mi>8t  abundant  natural  source  of  hydrolluoric  acid  and  the  ollie 
fluorides.     It  occurs  beautifully  crystallized,  of  various  colors,  in  lea 


•  Ri:d  Fibe:  Orslni. 

Dry  •trDQtium  nitrate  .    SOO 

Sulphur l'2i 

Puinmilum  chlorate  .       .        .    200 
Liitm|iblnclc 60 


QarES  FiKB !  Omln 

Dry  l>nrium  nitrste      ,  ,    4M  ' 

.siil|ihur 160 

Potsftiilum  chlorate     .       .       .    luo 
Luniliblack lii 


Th«  ■tronllum  or  bnrlum-B^lt,  the  iiulphiir,  sntl'  the  UropbUok,  must  be  flnel] 
powdered  nnil  Intlmitdy  inixpM,  itltrr  whirh  the  potnulum  chloritte  (houlil  tl 
fttlded  In  rilher  ru-irse  powder,  snd  mixed,  without  much  rul'bint;,  wirh  Ttio  othd. 
iuffrvtiitnt^    The  retl  fire  comiHiilltun  hns  been  known  lo  Ignile  liMiutaneoutly.  ■< 
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t,  1^  ervaUiIj  liavin:;  Mmunonlr  tli<i  cubic,  bat  sometitnea  tho  octobiwl 

■     ■  '  I     .    "    '  •     ■'  ,,f  nliicli   lu[li:r  li^^urt'  thiy  nl«a_>-s  clravii. ' 

■  t  a  gri'i-iiiHli,  ami  i<(iiiii"  a  ]iiii|ili'  iihosjilio-  i 

.  .-~,.^  ..^ ,jitv  insululik'  ill  wut<'r,  and  is  docoiuiKuod  { 

tgroil  «(  vitriol  iu  the  luuvnvr  alroaii^'  nienliouud  ({>.  IbU). 

"   '  ~iani  Oxides. — Tlie  itonoxUlc  nr  Limr,  CnO,  may  Iw  obtnimxl  in  n 

i'.ii»:'l' mull'  purity  by  heating  to  full  r»lni»ii  fur  soiiii)  liiuu  frajj- 

"k  bitumiiKiuH  marblo  uf  Uerbysiiire  or  Kiilvfiiny.     Ifr*?- 

<   i>ur<',  it  must  Ki  mndu  by  igniting  to  wliitt-ncs!),  in  a 

jvv:.n  •,  an  Artilii'iivt  ealciuni  earlxuiato,  ])ri'ipari-<l  by  |irei;i]iitat- 

1^  th-  >th  nuuuoniji  curlMUialc.      Liiue  in  an  iinpurt*  Ktalc  in  j>ri'- 

fkami   '  r^  and   agrii-uKnrnl  purpnseH  by  cali-ining,  in  a  kiln  of 

•lutalil  tion,  the  urdinary  linirstunes  wbieh  alK>und  in  many  di:<- 

t/iio  .    .  -t ,  cuntinnril  for  Honu*  iiours,  is  Auffit-ient  to  <lisfn|^agu  tliu 

Tlcia  a<  tti<r  I'drlHutii!  a<'id.      In   Ibi'  )>cHt  contrived  liine-kilna  tbe  iiroceas 

H  outWvI  on   cuntinuously,  lirokm  limestone  and  fuel  U'ing  mnxtantly 

tlinMin  in  «t  tlt«  top,  ami  tliu  burned  limu  raked  out  at  intervals  from 

WttMXlh.     if»m<'t[ui»<,  when   tbu   linnwlone  contains  iiilira,  and   tlie  beat 

Km  keen  rery  bisb,  Ibn  lime  refuses  to  slake,  and  is  said  to  b«  over-buninl; 

to  lliis  rAi^  a  jxirtion  of  silicate  bus  been  formed. 

Por"  lull,-   1,  wbite,  and  often  of  considerable  hardness  :  il  is  quilc  in- 
ftiubi.-  jdioreseMi,  ur  emilg  a  palo  light  at  a  iiigb  temiieralure. 

Vn»rti  ■■  •  willi  water,  it  slakes  with  great  violence,  evolving  beat, 

kod  fruiui.iUug    to  a  Koft,  while,  bulky  jHiwder,  which  is  a  hydrate  con- 
Lunltig  a  ifiugie  nioleeule  of  walcr :  the  latter  can   be  again  expelled  by  a 
tM  host.     This  hydrate  or  hydroxide,  C'all,0,  or  CnOJl^O,  is  golnbb'  in 
,  but  far  leis  so  than  eitlier  the  hydrate  of  barium  or  of  Ktrontium, 

w*:    '    ■      iiwirkable,    the  roldrr  tho  water,   tho   larger   is   the 

■  ind   that  is  taken  up.     A  i)int  of  water  at  IS. .I-  C. 

Hit  11  grains,  while  at  Uk;0  (-.  (2120  K.)  only  7 

M  >t  in  solution.     The  hydrate  has  been  obtained  in  thin 

I'V  slow  eva|>oration  under  the  air-pump.     Liuii--water  is 

for  cliKiiiicnl  and  pharinaceutic.il  pur]>ose8  by  agitating 

\c«i»  of  c.ilcium  hydrate  in  a  closely-slofiped  vessel,  an'l 

li'Uce,  pouring  olf  the  clear  liquid,  and  adding  a  fresh 

r,  for  another  oiMTatioii :    there  is  not  the  lea-sl  mH'Usion 

...-    solution.     Lime-water  has  a  strong  alkaline  reurlion,  ii 

.>te,  and  when   ex|insfHl  to  the  air  bewimes  almost  instintly 

li   A   pelliclu  of  carl>onate,  by  alisorption  of  carlxmio  acid.     It 

liaryta-watcr,  as  a  test  for  carlionii:  acid,  and  also  in  nieili- 

-wAter  prepared  from  some  variuLiua  of  limestone  may  c-untaiii 


[ 


■  UArd«nine  of  mortara  and  ocments  is  in  a  great  unasnre  due  to  the 

^";  .n  of  carlionic  acid  ;  but  even  after  a  very  great  length  of 

'ion  into  carb<jnate  is  not  coni|iletc.     Mortar  is  known, 

.    .      circumstances,   to  acquire  extreme  hardness  with   ape. 

:t4  which  resist  the  action  of  water  contain  iron  oxides,  silica, 

:;4 ;    they   require  to  hv  carefully  propareti,  and  the  8t«ne  not 

When   they  are  ground  to  jiowdcr  and  mixed  with  water, 

I  <<)vedily  ensues,  from  causes  not  yet  thoroughly  understoixl, 

t'uoe  in  this  con<lition,  is  tinalfi'ctcHl  by  wet.     Parker's  or 

iiia<le  in  Ibis  manner  from  the  nodular  mxsscs  of  calcareo- 

.  ,,.,,  f.,.-,i  jn  the  Ixindon  clay. 

n<w  in  agriculture  :   it  is  found  more  or  less  in 

,   .  ;;  ..        1  ;        •u  very  advantageously  added  by  the  cultivator. 

dflMjr  of  vegetable  tibre  in  tho  soil  is  therebjr  protnQti<d,  aitd  ollv«r 
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importAiit  objects,  as  the  dostructioii  of  c«rlAin  li  artful  compounds  of  : 
in  Ukai'sli  niiii  pvat  laud,  are  uftt-n  atuiined.     The  :idditiou  ut  liuii!  prul>ab 
xervui  likuwiKu  tu  iilx^rute  jHitiuisiuiii  trom  the  iiiiiululile  siliuutu  uf 
bone  eoiitaiucil  in  the  soil. 

Culcium  Oioxide,  C'ao,,  in  said  to  ri>seiuble  barium  dioxide,  and  to  b4  ( 
tainable  by  treating  liuiu  with  Uydrogcu  dioxide. 

Calcium  Sulphate,  CaSO,.— Crystalline  native  calcium  snlpliate, 
taiuiiij;  IHU  uiuleeule^  of  Hatter,  ill   fouud  in  lunniderable  abundance 
Bouie   Iw^itiex   an  iji/iisMm:    it  id  often  ONHociated  witli  rock-iialt.     Wh^ 
regularly  erysstallizud,  il  in  termed  silemli:.     Auliydrous  calcium  sulpha 
is  also  iicna.siunully  met  with.     The  k»U  is  formiMl  by  precipitution,  whi 
a  mo<lerfttely  eiuu'entruted  nululiou  of  calcium  cliloruli-  is  mixtxl  with  aq 
pburic  acid,    t'alcium  diili.bate  is  soluble  in  olioiit  !>W  piirLi  of  cold  wab 
and  its  solubility  is  a  little  increased  liy  heat.     It  is  more  soluble  iu  w« 
containing  ammonium  chloride  or  ]>otassium  nitrate.     The  solution  is  pn 
oipitnteil  by  alcohol.     iJyjwum,  or  native  hydratixl  calcium  sulphate, 
largely  emplov)'<l  for  the  purpose  of  making  crisis  of  statues  and  modal 
also  for  moulds  in  the  porcelain  ond  earthenware  manufactures,  and 
other  applications.     It  is  exposed  to  heat  in  an  oven  where  the  tamper 
turn  does  not  exceeil  liT'^  L'.  (2(iO.GO  K.),  by  which  the  water  of  cryat 
liralinn  is  expelled,  and  it  is  afterwards  reduced  to  a  line  ])Owder.     Wh4 
mixed  with  w  ater,  it  soliJilles  after  a  short  time,  from  the  re-fonnalion  ( 
the  same  hydrate  ;  but  this  effect  does  not  happen  if  the  gypsum  has  ' 
over-heatui.      It  is  often  called  Piaster  of  I'aris.     Artificial  uolored  ma 
bles,  or  KaijIiiJa,  are   frec|ueutly  prepared  by  inserting  pieces  of  natur 
stone  in  a  soft  stucco  containing  this  6ul>stance,  and  polishing  the  surfo; 
when  the  cement  has  l>ec<imo  hard.     Calcium  sulphate  is  one  of  the  i 
common  impurities  of  spring  water. 

The  peculiar  property  water  actjuircs  by  the  presence  of  calcium  salts  ( 
termed  Imrdmss.  It  manifests  itself  by  the  effect  such  waters  have  \\\» 
the  palate,  and  jiartioularly  by  its  peculiar  behavior  with  soap.  Ha 
water  yields  a  lather  with  soaji  only  after  the  whole  of  the  calcium  salt 
have  LH*en  thrown  down  fl^>m  the  water  in  the  form  of  an  insoluble  liu 
soap.  Up<m  this  principle  Clark's  soap-test  for  the  hardness  of  water 
based.  The  hardness  produced  l)y  calcium  sulpliate  is  ualled 
hardnru,  since  it  cannot  be  remedied. 

Calcium  Carbonate,  Clmlk;  Limaaont;  MaMr,  CaCO,. — Calcium  i 
lionate,  often  more  or  bws  contaminated  with  iron  oxido,  clay,  and  orgauf 
matter,  forms  rocky  In-ds,  of  immense  extent  ami  thickni«s,  in  ainio 
every  part  of  the  world.  These  present  the  greatest  diversities  of  lextut 
and  ap|>earauc4),  arising,  in  a  great  measure,  from  changes  to  which  the 
have  been  subjected  since  their  deposition.  The  most  ancient  and  highl; 
crystalline  limestones  are  di-stitute  of  visible  organic  reuuiins,  while  tho 
of  more  recent  origin  are  often  entirely  made  up  of  the  shelly  exuviae 
once  living  Iw'ings.  Sometimes  tliese  latter  are  of  such  a  nature  as 
show  that  the  animals  inhabittnl  fresh  water  ;  marine  species  and  oor 
are,  however,  most  abundant.  Cavities  in  limestone  and  other  rocks 
very  often  lined  with  ningnificent  crystals  of  calcium  carbonate  or  eaUiar 
ous  spar,  which  have  evidi'nily  been  slowly  deiiosited  from  a  watery  solg 
tion.  Calcium  carbonate  is  always  precipitated  when  an  alkaline  carb 
is  mixed  with  a  solution  of  that  base. 

Although  lliissulelance  is  not  sensibly  soluble  in  pure  water,  it  is  freely 

taken  up  when  carbonic  acid  happens  at  the  same  time  tu  be  present.     If 

a  little  lime-water  l>e  poured  into  a  vessel  of  that  gas,  the  turblility  lirst 

pnxJuced  JisapiH'am  on  Agitation,  and  a  transparent  solution  of  calcium 


OALCinM. 


'6?.5 


in  exeeta  of  onrlxmio  acid  in  obtained.    Tliig  Boliitiou  is  dtwoni- 

;  '   "  '      '      '-•ilUig,  tli<!  carUonio  aciit   bviug  cxpi-lifd,  aud  tite 

since  all  u;itiiral  wators  coiit/iiu  dJMoivcd    car- 

Ajx-cti-d  lUut  calcium  iu  tliia  stale  Blinitld  Iw  of  very 

•  ■ ;    and  auuh  ia  rciilly  found  to  !>«  the  fact,  rivor,  and 

-prim;  w»l<^'',  ttluiunt  iiivuriulily  coiitaiuing  calcium  car- 

tiius  •iisBulved.     In   liuiratuuv  diutrictB,  tliis  ii  often  tlio  uwv  to  a 

gml  eat'-n*.      The  Aarc  icm  of  water,  whicli  ii;  owing  to  the  presence  of 

is  called  tcin/ior-uri/,  giuce  it  ia  diuiiuixhed  to  a  Very  con- 

'•>    Unlinj,',  and   may  lie   nearly  removed   hy  mixing  the 

'  --  'li    ume-wal.'r,  when   both   the  dissolved   carbonate  and  the 

■•,  wiiich    thuK   l>ei»imes  carlKinated,  are  jirecipitnted.     I'j.dn 

l>r.  Clark's  procesa  of  solU-uing  water  in  based.     This  pio- 

ible  iinimrtaucH),  since  a  supply  of  hard  water  to  towns 

■5  »  source  of  great  inconvenience.    A»  already  inention<'d, 

Bm  4,1  aucii   water,  for  the   purjHwcs  of  washing,  is  attended  with   a, 

«<  Mmp.      Boilers,  in  which  such   water   is  lieoled,  irpeedily  \>v- 

mo.  '■  ith   a   thick   stony  incrustation.*     Tlie    heanliful  stalactitic 

hj  wf  limesu<ne   caverns,  and    the   de]x«it  of  calo  sinter  or  tra- 

various  objects,  and    upon    the  ground,  in  many  ploces,  arc 

llie  solubility  of  calcium  carlionate  in  water  containing  car- 

!   mm  carbonate  is  dimorplions  ;  calc-epar  and  arragonite 
^  ex.lttly  the  same  chemical  composition,  have  diliercnt 
ei  :    uldensitii'.s,  and  different  optical  propcrlieg.    Rose 

li .  .    i. HI  i-arbcinate  appears  in  the  Icim  of  calc-spnr  w  lien 

tvjuu.!'  sulalitm  in  water  containing  carhonic  acid  at  the  ordi- 

Ufj  u-i:  At  9lO  C.  (194'J  F.),  and  on  ebullition,  however,  it  is 

(U>6y  fiejMmii'vi  in  the  form  of  arragonite;  at  lower  temperatures,  llio 
hmmtkni  of  srragonits  decreasi-s,  whilst  that  of  cuIc-Npar  increases,  the 
Harit  tar  the  formation  of  the  former  variety  being  Iwtweeu  3tc  and  bio 
C.  (-«■-  and  12:^'  F.). 

C*lr-sjMir  o<-con:  very  abundantly  in  crystals  derived  frrni  an  obtuse 
thanbobcdron,  whoso  angles  measure  105*^  5'  and  '-iP  ."if)':  its  density 
»iriBi  from  2.5  to  2.8.  Tho  rarck-  variety,  or  arragonite,  is  found  in  crys- 
l»W  *lHi»e  primary  fonu  is  a  right  rhombic  prism,  a  figure  having  no  gio- 
Brtrical  relation  to  the  preceding  :  it  is,  besides,  heavier  and  harder. 

Ctlntntn  Fbosphates. — A  number  of  distinct  calcium  salts  of  phos- 

|>kdtk  acid  are  known.     Two  /ri?>r4jr(c  iittuxptuitai  or  OTllwpho^jilmtv*^  Caj,(l'0|)j 

«»ilt*H(l*<>,).are  jiroducod  when  the  cxirresponding  smlium  salts  are  additl 

i>  (klDtiou  t«  calcium  chloride  ;   the  first  is  slightly  crystalline,  and  the 

•■■■i ciJatinous.      WHien  the  first  phosphate  is  digest<-d  with  ammonia, 

»4tMnlrn1  in  acid  aiwi  re-precipitatwl  by  thot  alkali,  it  is  converted  into 

I       The  earth  of  Itoni-s  coiusists  principally  of  what  apjiears  to 

tinn  of  tliese  two  salts.    Another  orthopliosphate,  Callid  0,)„ 

'        Iviug  either  of  the   preceding  in  phosphoric,  hydiochlo- 

aud  evaporating  until  the  salt  separates,  on  cooling,  in 

.1^.      It  is  the  sultetauce  which  yields  phosi>horua  when 

in  the  ordinary  process  of  manufacture  before  dc- 

1 .      /  «  and  MelujihutjJialai  of  calciuM  also  exist.     Tliese 

•  1|«B«  nropoiaU  h«»e  l>een  made  to  prevent  the  formiitlon  of  boiler  depoitts. 
y^  larr"  -«".i.r.'  .r.,._,r»  to  t>e  llie  melhod  of  Dr.  RlltFrbnnd,  wlilch  eon»lit«  la 
I  •mull  qiiantlly  ot  inl-ammonlitc,  wheretiy  mrbonnte  of 
i,  Ik  vnlatllizeil  wilh  the  uleain,  cslcliiin  olilnrlde  rFiiiain- 

„ i 1  ncKrcrly  he  rDeatloofd  that  tlili  i>lau  !•  iu»i>iilic»ble  Jn 

r  of  permaBeatly  bard  waters. 
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plinnphat*^,  althoTigU  inBolubl(<  In  wntt'r,  liUsolve  roaililjr  in  dilntn 
(.'Veil  ill  aui-tiu  oviil.     Tliu  luiiural  n/iulilK  U  rliiirhy  cali^liilo  (ili<M(>tial*.] 

Chloiide  of  Lime;  Bleaching  Powder. — When  (.nli" 
Vt'iv  i-lj^'litl,v  ima:-t,  IS   ••X|nwi"il    Ui   elilurirH-  >;i»s.  llir    lattt-r 
Hiii'htfil,  ami  a  v<>iii|>i<iiiiil  i>r>Hlii('i-<t  wliicli  is  llit<  (>liraclil>i:;    i 
morw,  Kn<l  15   imw   iiswl  on  an   imiuHtiHv  hchIi?,  f»r   l><  >i»a  i 

cnttoii  gnutls.     It  is  miultlU',  in  pn-'puring  tliiit  siilwtaii'  1  slli 

vntiiin  of  li>nip<>raturi.',  whiili  may  Ij«  eviily  done  by  Bupplyiiix  tli«  1 
)'iiie  sliiwly  in   tin;   firvt   in»Uuicv.     The  priKliiet,   wlitfu   frnslily  ami 
pri'imrtHl,  Ik  a  wift,  wliiin   |Kiwil>-r,  wliioh  iitlr»rl(i   imii>iliir>'   fnnu   Ihr 
ao'l  <'xlinU':t  nn  inloi-  xi'niiilily  ilitl<*rvnt  from  tliut  of  olilorino.      It  i«  -tull 
in  alniut  111  pnrts  of  wiiUt.  tin-  iinaltrml  liyilinU'  b<'ing  left  ij>-liinil  : 
«»liiliiin  in  lii^'lily  alkiilinv,  uml    IiIkucIiks  r>'i<lily.      Wli-'M  riili'itiiii  liyi 
U  iiiM|Hni(li'(l  in  colli  waliT,  ami  (.lilorinx  gnts  trnn8mitt>'<l  lliron):l>  tin-  1 
turn,  till*  lim<<  ia  gra<Jually  'lii>:t»lv<<rl,  nml  the  same  pvonliar   bl<-iicM 
uumpiuuiil  jirixlui-i'il :  tho  alkalli-s,  aUu,  cilliur  caustic  or  carl»>nat>«J,  I 
liy  similar  m«una,  Imi  nia<li'  to  alwurli  a  largn  i|nnutity  of  vlilorinn,  •q<1  i 
rt««  ti)  ivirrivipoiiiling  lomjKiumlh  ;   such  aru  tlio  "  iliainrt-ctiu);  MiluUt 
of  Labarruiinf. 

Tlic  etim|uj:<itiou  of   lili-aeliing   powilur  is  ri'iirfsimtiol   l>y  tliM    (nn 
CaUCI,,  nn>l  it  wii*  formiTly  supptmiMl  to  Imi  a  ilirvi^t  rum|K>unil  "'  >< 
chlorine.     This   vinw,   howuver.    in   not  i.'oiisi.ttrnt  with  its 
whuu  (listillcil  with  iillut«  nitric  aciil.  It  n-ailily  yirliU  a  disti 
ons   hypochlorous  aoiil,  ami  when  tr»ate<l  with  water  it  in   nanlw 
chloriilx  uml  liypocliloril<<  of  caleiuni,  the  latter  «l  which  uiny  )>••  4t<j 
in  ory^itaU  by  exposing  the  llltered  solution  to  n  Iree/i 
i*vn|iorating  it  in  a  vacuum  over  oil  of  vitriol,  ami  leavu 
innin  to  thaw  n[x>n  a  llller.     A  Kolution  of  calcium  (iIu'm.i. 
liyi>ochlorile  then  passes  Ihroujjii,  anil  feathery  cryalala   niuai; 
niter,  very  unslahle,  hut  i-onsisting,  when  roceutly  prepared,  of  it^ 
vnloiiim  hy|>oiOilorile,  i;!i(l)('l)j.4HjO.*    Thtwe  results  xikiui  at  lirnt  mij;! 
show  that  the  blenching  powder  i.-i  a  mixture  of  chloride  and  hy{ 
of  calcium,  (brmiMl  accurdiuj:  to  the  ei|ualion, 

aCaO  +  CI,  —  t  »CI,  +  C«CI,1),: 

but  If  this  wore  its  truis  mustitutlnn,  thi<  inwdfr,  wlion  digeatml  wlUi  1 
liol,  ought  lo  yield  nsolnlionof  calcium  chloride  containing;  half  the  ehhii 
ul'  tite  origiual  iiompoiiiid,  which  is  not  the  nniie.     Itx  con<ilitntioii  is  tli( 

flirc  birtt<?r  rcpr.-senf.Hi  by  the  formula  Cn<^,!..    suggcstmi  by  Dr.OdlJ 

this  nmlet^ulc  iH'ing  llrComjKXted    l>y   \v;il,.r     mt.,    ,  l,l,,ri,l,.    fill. I     V, 

Id  the  manner  just  ejcplainrd,  an  1 
ric  iwid,  a  distillate  cuiituining  by <i 

C«CT(0C1)  +  2IIN(),  »  ('«(N0,),  -f  Hf"l  -f-  »nO. 

WtiKn  tbn  tempernlnre  of  the  catrinni  bydrnle  b.vi  risen  dnHii|;1 
sorption  of  the  clilociiie,  or  when   Ibe  iyiin|Hiund  hi"   Hei-n   «iili" 
MXpoii4Ml  to  liejil,  II  1..H  are  ini|  t| 

Hlrojred :  it  then  •  !   ehhirlde 

Is 


air.     Cuiuinerciai  bleaijhinij;  powdor  ihu*  oouaiauUjr  vArl««  Ui  valu*  1 
•  KIngiptt,  rhow.Soe.  Joura.  ltr*,r.  494. 
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with   lh«  c»re  originally  b«)towe<l  upon  itsi  ]>ri>p)iratinn :  tliB 

j'»iAf  ooouin  about  3U  per  cent,  of  available  chlorine,  Kasily  liberated 

•<i4,  wbtch  tA,  however,  far  short  of  the  theoretical  quantity. 

piaerml   metluxl  in  which  thia  8ul»tance  is  employed  for  bleaching 

feUowing  :   The  f;o(»ls  are  first  immi-rswi  in  a  dilute  solution  of  chlo- 

e,  u>il  thrTi  tranisferre<l  ti>  a  vat  r<iiitHinliig  dilute  :iul|ihuric  acid. 

iliKti    ••USUI'S  ,   the  laU-ium  Ixith  uf  the   livpiHlilorile  and  uf  the 

t*  ounvi*rt»il  into  gulphttte,  while  the  free  hypuchluruua  and  hydro- 

yioid  water  and  free  chlorine  : — 


C*C"l,0,  +  Cafl,  +  211^0,  =  2fa.S«\  +  2HC10  +  2HC1, 
IICIO  +  IICI  =  H,0  +  CI,. 

rin»>  tlins  dispngagc<I  in  contact  with  the  cloth  causes  destruction 
kirlu;:  matter.     The  pi-ocess  is  repeated  several  times,  siuue  it  is 
!  atrKiig  solutions'. 

principle,  while  patterns  are  imprinteil  ujion  colored  cloth, 
l>eing   !itnnipe<l  with  tartaric  acid  thickened  with  gum-waler, 
I  tbvn  thi>  stulT  iminersi'd  in  (he  chlorine  hath,  when  the  piirla  to  which 
i»eid  haa  b«<'n  applied  remain  unaltered,  while  the  printed  portions  are 
UMcbnL 

t  parifyinK  an  olTenii  ve  or  infectious  atmosphere,  a»  an  aid  to  proprr  nm- 

the  bleaching  powder  is  very  convenient.     The  solution  i»  exposed 

vessel*,  or  cloths  steeped  in  it  are  snspendixl  in  the  apartment, 

carbonic  acid  of  the  air  slowly  deconii»o8e«  it   in  the   manner 

ib«d.     Addition  of  a  strung  acid  causes  rapid  disengagement 

of  any  sample  of  hleaching  (Kiwder  may  be  easily  determined 

tving  method,  in  which  the  feebly  c^ml>inc<d  chUiriue  is  esti- 

'  etfect  in  oxidizing  a  ferrous  salt  to  ferric  salt,  2  molecules  of 

■  ,  FeO,  requiring  for  this  purposi;  2  atoms  of  chlorine  ;  the  lat- 

l>y  dccoui{xisiug  water  and  lilierating  a  corre8|ionding  quantity  of 

"**   (more  c<jrrectly  VtS.lC)  grains  of  green  ferrous  sul]>hat(-  are 

1   ill  about  two  ounc<>8  of  water,  and  acidulated  with  a  few  drofis 

ur\r  Dt  hydrixhioric  acid  :   thin  quantity  will  n^juire  for  oxidation 

..1  ^'f  chlorine.      Fifty  grains  of  the  chloride  of  liuie  to  bi-  exnmincd 

1  ru)ilie<l  up  with  a  little  tepid  water,  and  the  whole  transferred  t« 

u'  (p.  310),  which  is  then  fllleil  up  to  0  with  water,  after  which  the 

-  arv  Well  mixed  by  agitation,     The  liquid  is  next  gradually  poured 

•    solution  of  iron,  with    constant   stirring,  nntil    all    the    iron  is 

t  to  the  state  of  ferric  salt,  which  may  tie  known  by  a  drop  ceasing 

a  deep-blue  precipitate  with  potassium  ferricyanide.     The  nunilicr 

-  of  the  chloride  solution  employed  may  then  be  read  off: 

iMinlain  10  grains  of  servieeable  cliloriiie,  the  quantity 

Wi  ...  .lie  .W  grains  may  lie  easily  reckone<l.     Thus,  suppose  72 

have  been  taken  :  then 


Xaaaom. 

72 


On.  Chlorine. 
10 


Hratures. 
KM) 


Ors.  Chlorine. 
13.89 


The  hiesrhing  powder  contains  therefore  27.78  per  cent.* 


I 


Snlphldea. — The  monosnlphide,  TaS,  is  obtained  by  reducing 

ii  a  high  temperature  with  chariiial  or  hydrogen  :   it  is  nearly 

,i   but   little  soluble   in  water.     By  boiling  together  calcium 


I 


tta't  Elemrnlii,  vol.  I.  p.  f^. 
bciDlslry,  I.  p.  VH. 
29 


For  other  methoda  sec  Walta'a  Dlotlonarr 
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hydrate,  water,  and  flowers  of  sulphur,  a  red  solntion  is  ol'tairiHt,  whiij 
on  txjdliiig,   ili'iKwits  t-r,rstal8  of  tli«   liiHiil|>liidi-,  t'aS.,  (xmtuiiiinj;  wall 
When  the  sulpliiir  is  in  excess,  and  the  builiii^  lung  continuc-d,  a  pen 
Hulphide  ia  generated  :  thlosulphuric  acid  ia  furwed  a8  uaaal  during  tli 
reactions : 

3C»0  +  8,  =  aCaS,  +  CaS,0,. 

Wlien  the  yellow  solntion  ohlained  by  boiling  lime  with  exw>RS  of  i 
pliiir  is  jKiureti  into  an  excess  of  hydrmOilorlc  acid,  sulphur  is  prceipit 
together  with  a  yellow  oily  ii<|uid,  whieh  is  hydrogen  ]ier>.iilpliiile  (p. 
Ijut  if  the  acid  In:  pourtHl  iiito  the  milutiun  nf  euh-iuiu  8ulphid*>,  ga 
hydrogen  sulphide  ia  given  olT,  and  the  whole  pretipitule  funned  cunsij 
wholly  of  ll]ii'ly  divided  sulphur,  the  W/Viur  pritcifiitntum  of  the  t'har 
cK)i>u-ia.  If  dilute  snlpliuriu  acid  is  used,  the  previpiiale  also  ouut 
gypsum. 

Calcinm  Phosphide. — When  vapor  of  phosphorus  is  passod  over  frt 
ments  of  lime  heiiled  to  reilness  in  a  i«)reeluin  ertuilile,  a  ehouolatu-bn 
ooUijKtund,  the  so^ealled  plmsftlnin't  of  limr,  is  priHiuced,  This  substanc 
pri'bably  a  mixture  of  calcium  phospliide  ami  pliiwphnte.  When  thnut 
into  water  it  yields  ii)HintanttiUHly  inlliimmable  hydrogen  ph<«pliide. 
cording  to  Paul  Th6uurd,  the  caleium  phi^phide  in  tliis  oomjfound  has  • 
composition  F,Ca..  In  uoutaut  wilb  water  it  yielils  liquid  hydrogen  pfa 
pUide,  P,U,  Ip.  218). 

P,Ca,  +  2H,0  t=  2CaO  +  P,». : 

and  th«  greater  portion  of  this  liquid  phosphide  is  immediately  wrt; 
posed  into  solid  and  gaseous  hydrogen  phosphide  :  &F,U(  ^  i't^,  +  til 


Rtartions  of  Ihe  AWalint  Earth-metnlji  in  solution. — Barium,  strontium,  ( 
calvium  ore  thus  distlug uishud  from  uU  other  suliatancos,  and  from 
other. 

CiiuKlif  Ihlanh,  when  free  from  carlmnate,  and  caustic  onmnnia,  occa 
no  prceipilateK  in  tlilulf.  solutions  of  the  alkaline  earths,  especially  < 
first  two,  the  hydrates  Ix-ing  soluble  ill  water. 

Alkalin*  «irAo/«irM,  and  rorh^tatr  of  nmmniiium,  give  whiU)  precipitsti 
insoluble  in  excess  of  the  precit.inl,  with  all  three. 

Suliiliiirir  iiciil,  or  a  mtiiluilr.,  added  to  verj-  dilut«>  solutions  of  the  salt* 
of  thiwe  metals,  gives  an  iiiunediale  white  precipitate  with  barium  sails; 
a  similar  precipitate  aft^.-r  a  short  interval  with  strontium  salts  ;  and  occa- 
sions no  change  with  calcium  sjilta.  The  prwipitates  with  bariiuu  and 
ttrtmtiuin  salt.s  are  insoluble  in  nitric  aciil. 

Solution  of  rnlrium  mil/Jitiir  giv(.s  an  instmitaneoas  cloud  with  barium 
salts,  and  one  with  ntnniiium  salts  after  a  little  lime. 

.'ilrontiiim  suliihulr  is  itself  sufficiently  soluble  to  oocaaiun  ttirbidity  when 
mixed  with  liariuni  chloride. 

Lastly,  the  soluble  osalutra  give,  in  the  most  dilute  solutions  of  caloinin 
salts,  a  white  precipitate,  which  is  not  diasulved  by  a  drop  or  two  ol  hy- 
drochloric, or  by  an  excess  of  atHstic  acid.  This  is  an  exveudiiigly  charac- 
teristic test. 

The  ihlorida  of  ilronlium  and  ealcimn,  dissolved  in  alcohol,  color  tlie  flamo 
of  the  latter  red  or  purple  :  barium  mlu  communicate  to  the  flame  a  pale 
green  tint. 

•SHico/lHorii:  acid  gives  a  white  precipitate  with  barium  lalts,  none  wil 
talta  of  atroittium  ur  calcium. 
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"■•'    ■'■'    '■•■■•  iirijfinsll.v  bestoweil  upon  its  jirpparntion  :   llie 
i'>r  CL-nt.  of  available  ohloriin;,  rasilv  liberated 
l»  .  .,      !  .>.'r,  fur  »hort  of  the  theoretical  quantity. 

tf«s«r>l  method  in  which  this  substance  is  employed  for  bleaching 
^Irnring:  Thr-  koikIs  arn  first  inimcrs'il  in  a  dilute  solution  ordilo- 
I'limii,  and  tU»it  lraiisferri*d  to  a  vat  uintniiiiiii;  diliile  Bulphurir  ni'id. 
sition  trtmut*;  th<^  raleium  Imth  of  tin-  hyptK'lilorilc  and  of  the 
I«  U  oomverted  into  sulphate,  whilp  the  free  byiwvhluruus  and  kydru- 
ritlurto  actila  yirld  water  and  free  ihlorine: — 

Cal'ljO,  +  C«»'l.  +  2HJ<0,  =  2ra!<f»,  +  2HCH)  +  2HCI. 
uwl  HhO  +  ilCI  =  11,(1  4-  II,. 

The  chlorine  thus  rtiiienpBped  in  contact  with  the  cloth  ranges  deslrtiction 
M  thr  coloriiij;  matter.  The  pro<."«i8  is  repeate<l  several  times,  since  it  is 
uu>afe  to  use  strtiug  solutions. 

•  )n  the  same  principle,  white  patterns  are  imprintiHl  npon  colored  cintk, 
thn  GfTures  being  stanipeil  with  tartaric  acid  thickened  with  gum-water, 
aud  thru  the  siulf  iminer9<>d  in  tlie  chlorine  bath,  when  the  parts  to  which 
tio  acid  has  been  applied  remain  unaltered,  while  the  printid  portions  are 
tl|e.-u-bed. 

y,.T  t.i.rirvMw  -tn  ,irr..,is;v,<nr  infectious  atmoapbere.  nsan  aid  to  ftroprr  rrn- 
■  r  is  very  (.convenient.     The  solution  is  ex|K«ed 

-  ■  .  ^  I,,  steeped  in  it  are  suspendeil  ill  the  apartment, 

when  Ibp  rxrlxiuic  acid  of  the  air  slowly  deconiiH>s»"8  it  in  thi'  manner 
nlmrr  described.     Addition  of  a  strong  acid  cnuses  rapid  disengitgeiuciit 

>   of  any  sample  of  bleaching  powder  may  lie  eanily  determined 
•  iuetho<l,  in  wliich  the  feebly  combined  chlorine  is  esti- 
I  in  uxidiiiii);  a  ferrous  .'alt  tu  ferric  Aalt,  2  molecules  of 
..  . .    .1.      -.  .   ,  .  l'  I,  ri'quirin;;  for  this  pur|K>se  2  atoms  of  chlorine  :  the  lat- 
ter ai.>ts  by  dec<>m)iosiii<:  water  and  lilK-r.-itliig  a  corresfKmding  quantity  of 
■•Xirj^en.     78  (ntnm!  c<irrettly  7H.10)  grains  of  green  ferrous  sulphate  are 
I  about  two  ounces  of  water,  and  acidulated  with  a  few  drops 
or  hydroi^hloiic  itcid  :   this  quantity  will  require  for  oxidation 
i  i    rine.      Fifty  gr.lins  of  the  chloride  of  lime  to  lie  examinetl 
lip  with  a  little  tepiil  water,  and  the  whole  transferred  to 
.  .)l"ij,  which  is  thi-n  (llleil  up  to  0  with  water,  after  which  the 
well  mixoi  by  aKitation.      The  liquid  is  next  gradually  poured 
liitiou  of  iron,  with    const.int   stirring,   until    all    the    iron  is 
t  tci  the  stale  of  ferric  salt,  which  may  U-  known  by  a  drop  ceasing 
1  d.ep-blue  pn>cipilate  with  iKitassium  ferricyanide.     The  number 
i«ures  of  the  chloride  solution  employi-*!  may  then  be  read  off: 
must  contain   10  grains  of  serviceable  chlorine,  the  quantity 
r  iu  the  r.il  grains  may  lie  easily  reckone<l.     Thns,  suppose  73 
reg  have  Ikw.'M  taken  ;  then 


I 
I 


Measures. 
72 


Ors.  Clilorine. 

1(1  =: 


Hfsaurea, 
!0I» 


Ors.  Clilorine. 
lH,«il 


Tbe  Wcaching  powder  oontaiua  therefore  27.78  per  eenl.* 

'-  •     ^ -a. The  monosiilphide,  CaS,  Is  obtained  by  reduefnfr 

t.inperaturewlth  charcoal  or  hydrogen  :  it  is  nearly 
cU.^i..w,  iiui   but  lilUc  soluble   in   water.     Hy  lioiling  tngether  nalcium 

•  Otalktm'*  B'ments,  vol.  1.  |>.  b'».     V"r  .Hher  meiho<1«  tee  Walls's  DIcliooacT 

•4  cii»ni**ry,  (.  r- *°^ 
2» 
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hydrate,  water,  and  flowers  of  sulpliur,  a  rcMl  solution  is  o1>taini<d,  whii 
on  cooling,   drjMwits  crystala  of  the   biaiiliiliidf,  ChSj,  containing  wa 
Wlicn  thv  «ul|.ihur  ig  in  exvt-sa,  and  the  Wiling  lung  mntinucd,  a  pvo 
aulphide  ii<  generated  :  tliioiiulphurio  avid  is  formtrd  ad  usual  during  tli 
ruactiona  : 

3CaO  +  8,  =  2Ca8,  +  CaS,0,. 

Wlien  the  yellow  solution  obtained  by  lioiling  lime  with  excess  of  i 
phur  is  pourwi  iulu  an  excess  of  liyilriH'liloric  acid,  sulphur  is  preeipiU 
together  with  a  yi-llnw  oily  litiuid,  which  in  hydrogen  perhulphide  (p.  20| 
but  if  the  acid  U>  poured  into  the  Holutinn  of  calcium  sulphide,  gnat 
hydrogen  sulphide  is  given  uff,  aud  the  whole  precipitate  formed  ooi" 
wholly  of  llucly  dividifl  sulphur,  the  tiUiiliur  pnrcipitalum  of  the  Phu 
eojHi-ia.  If  dilute  sulpliuriu  acid  is  u^ed,  the  precipitate  also  uinl 
gypsum. 

Calcium  PhoBphida. — When  vapor  of  jihoaphorus  is  paasini  over  f 
menis  ot  liuic  heated  to  r<^iuess  in  a  (Hirccluin  crucible,  a  chouolat«-br, 
(.viuipouiid,  the  so-called  jiht*syhari-t  <>/'  iitnr,  is  prtnluced.  This  suhstaitc 
prolmbly  a  mixture  of  calciuui  iili(>s[diide  ami  phosphnte.  When  til— 
into  water  it  yields  spontani-uu^ly  iullummable  hydrogen  phosphide.  ^ 
cording  to  Paul  Th6nard,  the  calcium  phasphide  in  this  (Nim|M>und  has  I 
oumpotiitiun  P,Ca,.  In  cuntact  with  water  it  yields  liijuid  hydrogen  pti 
phide^  1>,U«  (p.  218). 

P.Ca,  +  2H,0  =  2CaO  +  I',H. : 

and  the  greater  portion  of  this  liquid  pliosphido  is  immediately  de 
posed  into  solid  and  gaseous  hydrogen  phosphide  :  t)V,}l^  ^  P^ll,  -f-  Bf 


RmrtioHt  of  lilt  Alkaiinr  Earth-metah  in  mlutivn. — Barium,  strontium,  i 
calcium  are  thus  distinguished  from  all  other  suhstanooii,  and  from 
other. 

t'auslic  Ihlanh,  when  free  from  cnrlK)natc,  and  caustic  atnmania,  occaa 
no  priMiipitttti-s  in  dilule  solutions  of  the  alkaline  earths,  especially  of  I 
first  two,  the  hydrates  being  soluble  in  water. 

Alkaline  anboimlrji,  and  cnrh^atr  of  ammonium,  give  white  precipitates, 
insoluble  in  excess  of  the  precllaut,  with  all  Ihr.v. 

Snl/ihurir  arid,  or  a  «i//»A/i/e,  »<lde<l  to  wry  dilute  solutions  of  the  salt! 
of  the!<e  mctnls,  gives  an  imuunliate  white  precipitate  with  barium  salts; 
a  similar  precipitate  after  a  short  interval  with  strontium  salts  ;  and  octm- 
sions  no  change  with  calcium  salts.  The  pri'cipitates  with  barinm  and 
strontium  salts  are  insoluble  in  nitric  acid. 

Solution  of  m/riHtn  <»//>/mi(«  gives  an  iustantaneons  clond  with  barium 
salts,  and  one  with  strontium  salts  after  a  little  time. 

Sirimtium  mlphalf  is  itself  sufficiently  soluble  to  otvasion  turbidity  when 
mixed  with  liarium  chloride. 

Lastly,  the  soluble  oxidalrt  give,  in  the  most  dilute  solutions  of  calcium 
salts,  a  white  precipitate,  which  is  not  dissolvol  by  a  drop  or  two  ol  liy- 
dro<;hloric,  or  by  an  excess  of  acetic  acid.  This  is  an  ttZt<ee<liiigly  charac- 
teristic test. 

The  chloride*  of  ttroiitium  and  calcium,  dissolved  in  alcohol,  color  the  flame 
of  the  latter  red  or  purple  :  barium  tall$  communicate  to  the  flame  a  pale 
green  tint. 

Siltctifluoric  acid  gives  a  while  precipilata  with  barium  salts,  none  with 
taJla  o/ strontium  or  caUiium. 
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APPEXDIX  TO  GROUP  r. 

METALS  OF  THE  E.\RTUS. 

iijing  lo  this  group  art-  l)Hrylliiiiii,  yttrium,  erbium.  Un- 
L,  Lvriiim.  aliiiuiiiiuin,  2inx>iiiuui,  and  thorinum.  Ik'ryl- 
irium,  i-rl>iuiu,  laiitliikiiuni,  (Ijilyiiiiuin,  ami  c<<rium  (in 
•  ■^^),  h.Hvc  liithiTlii  IjtM'ii  n-gardi-il  as  ilya<ls  ;  bill  rixviit 

siionn  tiint  tlii.-,v  are  tuure  probably  triada.     Aluminium 

;    xiroonium  and  thorinum  aro  tetrads.     AU  the«e  mutala 
\  of  Mrlliy  thar&otcr. 


ALUMINITTM. 

Atomic  weight,  'i7.4.    Symbol^  AL 

Tnis  nu^tM  noclira  very  abumlantly  in  nature  iii  the  state  of  silicate,  at 
in  f  '  .  -  -  I  1  its  assa«lati.<d  uiincrfllH  :  also  in  thv  varies  modillcations  of 
clh.  rivwl.      It  was  first  ibolatBd  by  AVohler,  who  obtuiii<-<l  it  its 

n  i.  lo- <l"< '>iii|Kising  aluiuinium  chluridu  with  potasaiiim  ;  and 

il.  .  by  an  improved  process   founde<l   on  i\u>  some 

pri:.  I   in  obtaining   it  in  the  compact  form  and  on  the 

iiuuiufiM'turiii);  9uai<^.  The  process  vonsista  iu  decomposing  tlie  double 
eblorid*-  lit  nluniiiiium  and  eodium,  AlCl^.NaCl,  by  heating  it  with  metallic 
iMkh  iir  cryolite  Iteiug  added  as  a  llux.     The  reduction  is 

cir.  ~,  or  on  the  large  scale  on  the  hearth  of  a  reverberator/ 

(at  III!  19  us<.<d  as  the  r<-iiucing  agent  in  preference  to  potassium : 

fir  it  U  more  easily  prepared  ;   and,  secondly,  iM'cause  it   has  u 

\o*  ireight,  and,  consequently,  a  smaller  ({uantity  of  it  sulfices 

to  "  '   amount  of  chemiunl  work. 

^  M   is  also  pri"pare<l   directly  from  cryolite  by  reduction  with 

Milium,  Uul  the  metal  thus  obtalneil  is  saiA  to  be  more  oontamiuatetl  with 
Iron  «tiil  iillirum  than  that  prepnreil  by  Devillu's  process. 

V  '.  ible  for  its  low  specific  gravity,  which  is  2.6 :  it  is 

>>''  ' .  and  is  capabW  of  assuming  a  high  (Nilish.     It  is 

^f'-.-  ■  ..•...•.  tore  of  deliojite  a]iparatns  and  ornamental  articles. 

6tmt*  III  '■{  aluminium  promise  lo  bermiie  more  generally  nppli- 

»bl,-    I  My  tlie  alloy  with  copper,  which  is  remarkable  for  being 

»^'  «ce  togolij^  Ibia  alloy  is  found  in  commerce  under  the 

03  III  bronxH. 

iKiuis  only  one  class  of  componnds,  in  which  it  is  triralent, 
•lie  metal  lieing  i-quivalent  to  three  atoms  of  hydrogen  ;  thus 
:h    .  iji  .ri!.-  IS  .UC1„  (he  oxide,  Al,Oj,  etc 

A '"■n'"''im  Chloride,  Airl,. — This  compound  is  obtained  in  solution 

I*.'  jiluniinii  or  aliiiiiiiiiuni  hydrate  in  hyilrochloric  acid;  but 

tl  .    wli''n   evnjiorBtiHl.    gives   olf  hydrochloric  acid  and   leave* 

Till-  anhydrous  thioride  may  be  prepared  by  heating  a  mixture 

iria  nti'l  fliuMy  dividi-d  carlxjn  in  chlorine  gas. 

is  driml  anil  niix.ti  with  oi\  and  \aTn-v>\Aac'V., 
»"  utrooi;!}'  calcined  in  a  covered  ctuv;\V»\e,  vk 
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iulroduced  into  a  porcelain  tul»<>  or  tubulutMl  eartlieu  retort  pliiv>-<<l  in 
I'urnuct*,  and  (x^nnwted  at  one  uiul  with  an  apparatus  for  evolving  clilu- 
rine,  and  at  the  other  with  a  dry  rec(?iver.     On  raising  the  hi-at  to  bright 
rednras,  and  j>a«iiing  chlorine  through  the  apparatus,  aluminium  chlori^ 
dislilg  over,  togethrr  with  carbon  monoxide,  and  cuudeuses  a  a  bolid  i 
in  Iho  receiver  : — 


A1,0,  +  C,  4-  CI,  =  irVlCl,  +  3C0 . 


1 


Aluminium  chloride  ia  a  transparent,  waxy  Hubstauue,  having  a 
talliiie  tiU'ui'ture,  colorleiis  when  pure,  hut  generally  exhibiting  a  yel 
eolor,  due,  perhaps,  lo  tlie  presence  ot  iron.  It  boib  ut  about  lt>(l  ,  I'umm 
iu  the  air,  auil  xiiieiLs  of  liyilriM.hlorie  ueid.  tt  in  very  ilelii|Ueiieent,  aud 
disHolven  readily  in  water  ;  the  solution  when  lel'I  to  evujxirule  yields  the 
hydrated  chlorirle,  AIC'!j.t>li/),  iu  Nix-sided  priituu>,  which  when  Ueatod 
are  resolved  into  aluuiii>u  and  hydrocbloriv  a4<id. 

Aluminium    <mil    SihIimh    < 'liluriilr ,    AlClj.NaC'l,    in    obtained    by   meltb 
together  the  eoui|Hineut  eliloriiles  in   proper  proportions,  or  by  mldiup 
requisite  t|u.iuttty  of  siniium  I'liloride  to  the  mixture  of  alumina  and  eha 
uoal  used  for  the  preparatiiui  ot  nluminiuui  tlilornle,  igniting  tlie  mass 
ehloriue  or  hydroihlorio  aciil,  and  eondenslng  the  vapor  iu  a  receiver, 
ia   a  vryiitalline  mass,  h<s8   deliqueiieenl   than   aluminium   chloride, 
therutbre,  more  cunvuuient  for  the  preparation  of  alumiuium. 

Aluminium  Fluoride,  A  IF,,  ia  pnwiuced  by  the  action  of  gaseouH  silic 
fluoride  on  aluuiiiiium,  and  foruia  cubie  crystals,  volatilizing  at  a  red  hu 
insoluble  iu  water,  nud  resisting  the  action  of  all  aeids. 

Alumiuium  ami  .Six/ium  Flaiiriilr,  AlK,.3.NaK,  oreiirs  abundantly  ns  cr^ 
lite,  at  Kvlgtok  in  (ireenlund,  and  is  prepare<l  nrtiOeiiilly  by  jKiuring  bj 
drohuoric  aeid  in  excess  on  a  mixture  of  caleinint  alumina  and  solium  ed 
boiiate.  Cryolite  frtrius  qundratic  crystals,  colorless,  tranHp:ir4'nt,  tn\f\ 
than  felspar,  mid  of  speitlii^  gravity  2.9ij.  It  is  uBt«i,  ns  alreaily  nu-ution« 
for  Die  pi'<'|innUion  <•!  ahiniinium,  and  in  Oerniany  for  the  manufacture  < 
soda  for  the  use  of  8o:ip-l«>ilcl'8. 

Aluminium  Oxide. — Alumina,  A1/),. — This  tinbfitance  i!«  inferred 
l>e  a  sesipiioxide  froui  its  isomorphism  with  ferric  oxide.  It  is  pn*pai 
by  mixing  a  solution  of  nluui  with  excess  of  ammonia,  by  which  an  ex^ 
tremely  tuilky.  wbit«>,  gelatinous  precipitate  of  aluminium  hydrate  is 
thrown  down.  This  is  washt-<l,  dried,  and  ignited  to  whiteness.  Thaa 
obtained,  nlinniiia  constitutes  a  white,  tasteless,  coiierent  mass,  very  little 
acted  upon  by  acids,  ll  is  fusible  bi-fore  the  oxy-hydn>gen  blowpi|ie. 
The  mineral  calle<l  cnnmilum,  of  which  the  ruby  and  sapphire  ani  trai 
parent  varieties,  <^onsists  of  nearly  pure  alumina  in  a  crystalliied  slat 
with  a  little  ooloring  oxide  :  emery,  used  for  polishing  glass  and  metals^ 
is  a  lyiarse  variety  of  corundum.  Alumina  is  a  very  feeble  base,  and  its 
Rails  have  often  an  acid  reaction. 

Aluminium  Ilyilratet. — A  lumininm  forms  three  Iiydrate«  ;  nsmely  ; — 

.     AIIIO,      orAl,0,-  H,0 


Monohydrato 
DiliVflrate 
Trill  vdrato 


AUII.Oj    or  Al,0,.2H,O 
AliljO,    or  A1,0,.3H,0  . 


Tlio  monohydrate  is  found  native,  as  iliiufiore,  in  translnoent  masses,  which 
crumble  to  powder  when  lieat«<l,  and  give  off  tha  whole  of  tbtdr  water  at 
300O  C.  (liSOO  v.). 

The  trilii/ilriili'  is  the  ordinary  gelatinous  precipitate  obtainixl  by  Iroatini; 
aoliitioiiH  o(  a/niuinium-salts — alum,  for  example,  witli  ammonia  or  alka- 
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I  carbonate*.     WIihd  (tried  Bt  a  moderate  heat,  it  forma  a  soft  Triable 
a,  v '  '  -rm  to  lUf  tongue  and  forms  a  stilT  jiagte  with  water,  but 

I  D><t  III  tltat  liquid.     At  a  strong  red  lu-at,  it  gives  oft  M'uter, 

.  "TV  i;re«t  iontr.v.tion  of  voliiuu".  It  ilissulves  with  );r«at 
^nd  in  the  fixed  caustic  alkalies.  When  a  solutiuu  of 
11-  potjLsh  is  expoSKfl  to  the  nir,  the  [Kttash  absorbs  car- 
•,:■  aluminium  trih.vdrate  is  then  dejiusiied  in  white  crya- 
nt  sparingly  soluble  in  acids. 
I  trihjrdrate  has  a  very  |(owerful  attraction  for  organic  matter, 
icest»Hi  in  solutions  iif  vegeU'ilile  coloring  matter,  combines 
nes  down  the  coloring  matter,  which  is  thus  rcmovi-d  entirely 
lid  if  the  alumina  is  in  suttjeit-nt  quantity.  The  pigments 
i,wt  aJ-e  compounils  of  this  nature.  The  libre  of  cotton  iuijireg- 
t^ai  with  alumina  acquires  the  same  |>oiver  of  retaining  oilnring 
BUtM* :    bcjice   the  great   use  of  aluminous  salts  as  monlonta  to  produce 

Aluwinium  irihrdrata  occurs   native  as    Gihbtite,  a  stalaotitic,  traaa- 
taccat,  flbr«NU  mineml,  easily  dissolved  hy  acids. 

U^itutt. — When  a  dilute  solution  of  aluminium  diaoelate  ia  exposed 
titmntai  days  to  a  temperature  of  IIHP  in  a  close  vessel,  the  acetic  acid 
urp«r»  U>  Iw  &c!t    free,  although  no  precipitation  of  iilumina  tnkes  place. 
n«  llqaid  Boqaires  the  taste  of  acetic  acid,  and  if  aflerwaids  boiled  in  an 
a|«a  Twiifil,  givei  off  nearly  the  whole  of  its  acetic  acid,  the  alumina, 
•■**ttbel««a,  remaining  in  solution.     This  solution  is  coagulated  by  mine- 
ral acida   aiiid  by  most  vegetable   acids,  by  alkalies,  and  by  decoctitms  of 
4T»-voa<U.      The  alumina  oontained   in  it  is,  however,  no  longer  capable 
<•  actilig  &a  a  mordant.     Its  congulnm  with  dye-woods  has  the  color  of  the 
but  ia   transluc-ent   and   totally  different  from  the  dense  opaque 
wbicb  ordinary  alumina  forms  with  the  same  coloring  matters.     On 
ipoating    the  solutiou    to   dryness   at    UtO'^  C.  (2111'^  K.),  the  alumina 
in  the  form  of  dibydrate,  retaining  only  a  trace  of  acetic  acid.    In 
Itrit  (tate  it  is  insoluble  in  the  stronger  acids,  but  soluble  in  acetic  acid, 
pnvidMl  it  has  not  been  previously  ixiagulatrtl  in  the  manner  juat  nieu- 
Ikoed.     Boiling  potash  converts  it  into  the  trihydrate.* 

Alumimatft. — The  hydrogen  in  aluminium  trihydrate  may  be  replaced 
kfut  t«)uivalent  quantity  of  various  metals  ;  such  compounds  are  called 
mmiMHa.  Acenrding  to  Vrimy,  a  solution  of  alumina  in  potash  slowly 
Waiitralml,  out  of  (v)ntart  with  the  air,  deposits  granular  crystals  of 
paHailuiii  alaminjtc,  .MKO,.  or  AI.,0,.K,0.  Similar  compounds  occur 
*i<(r» ;  Ibua,  .*>/nflr//  is  an  aluminate  of  magnesium,  AljMgl), ;  (iaJmile, 
ui  aluminate  nf  ziur,  Al^nU,. 

Ataarfniain  Sulphide,  AVS,. — ^When  the  vapor  of  earlMm  bisulphide 
h  Based orer  alumina,  at  a  bright  ri-d  heat,  a  glassy  melted  mass  r.-mains, 
"Wrfi   ia  instantly  deaimixwwl  by  water,  with  evolution  of  sulphuretted 

Alomlnlum  Snlphato,  Al,(SO,),.18H,0,  or  Al,0,-3SO»l»";0— P»e- 
p>r<»i  by -tat II rating  ililute  snlphnric  acid  with  aluminium  hydrate,  and 
rtapf.rating  ;  or,  on  lb.'  Iiirge  scale,  by  bi-ating  clay  with  sulphuric  acid. 
1.  ...,.ii,,,_  ;,,  i(,,t,  j...,rlv  plates,  soluble  in  2  parts  of  water:  it  has  a 
'^ind  an  acid  rcaclion.  Heated  to  rwlm-ss,  it  ia 
,    ^         !      I     ,,  ,   .:■■   alumina.      Two  other    aluminium   sulphates, 

»>tli  exoen  of  baae,  are  also  described,  one  of  which  is  inao^ubfu  (n  water. 

•  Walter  OrafD,  Cbeai.  Soo.  Journ  H-W, 
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Aluuiiriium  sulplintr  oiiiiiliineK  with  Hulphates  of  potassium,  sudiun 
aiiil  uiiimoniuiii.  and  the  other  nlkali-metaU,  forming  dotihle  Anils  41I'  i;i-e 
interest,  the  iiluitu.     Common  alum,  the  source  of  all  llie  prepuratioii>  ( 
alumina,  voataius  AIK(S<),),. 1211,0.     It  in  maniiractunxl  on  a  verr  laf 
8cale  from  a  kind  uf  slaty  clay  loadwlwith  iron  bisulphide,  which  aliuund 
in  oertnin  localitira.     This  ii  gently  roasted,  and  then  exposed  to  the  1 
in  a  moistened  slate ;  oxygen  is  al>sorlK<d  ;  the  sulphur  becomes  acidiiie 
ferrfuis  sulphate  and   aluminium  sulphate  are  priKlucMl,  and  afterwi 
sepaniteil  by  lixiviation  with  water.     The  solution  is  next  mnc^-ntrat 
and  mixiHl  with  a  quantity  of  {MKassium  chloride,  which  deix>uiposes  tiM 
iron-salt,   forming   firrous  chloride   aiul   potassium   sulphate:    (he    latter 
(Wimbines  with  the  aluminium  sulphate  to  form  alum.     By  crystallization, 
the  alum  is  Heparattvl  fr<mi  the  highly  soluble  iron  chloride,  and  afterwar 
easily  purified  by  a  repetition  of   tliu  process.     Other  methods  uf  alua 
imiking  are  sometimes  employed. 

Potassium-alum  crystalliies  in  colorless,  tr.-insparent  ootohetlrong  whli 
often  exhibit  the  fac<-s  of  the  cube.     It  h:Ls  a  sweetish  and  astringent  tiub 
reddens  litnuis-paper,  and  dissolves  in  IS  parts  of  water  at  15. .'lO,  and  i|i 
own  weight  of  boiling  water.     Exposed  to  heat,  it   is  easily  remlered 
hydrous,  and  by  a  very  high   temperature  it  is  decomfKised.     The  orysta 
have   little   tendency  to  change  in  the  air.     Alum  Is  largely  u«ed  in  \\ 
arts,  iu  preparing  skins,  dyeing,  etc. :  it  is  uiHiasionally  contaminated  wit 
iron  oxide,  which  interferes  witli  some  of  its  applications.     The  otdebraK 
Komun  alum,  made  from  u/iim-x/oMc,  a  felspjithie  riH-k  altered  bysulphuroii 
va(H>rs,  was  onci!  much  pri/i^l  on  account  ol'its  freedom  from  tjiis  impuritj 
A  mixture  of  dried  alum  and  sugar,  carlKmize<l  in  an  o{H-n  pan,  and  tlic 
heated  to  redness  in  a  glass  Hask,  conlart  with  air  being  avoide<l,  furuishm 
the  Hoiiihcry't  pt/ro/thonu,  which   ignites  sp<intantH>usly  on  exposure  to  ths 
air.   The  esauutial  ingredient  is,  in  all  probability,  finely-divided  potaasiu 
aulphide. 

A  process  has  lat«ly  been  patented  by  Mpssr«<.  DnncAn  and  Newlanda  I 
aeparating  tlio  potash  from  syru|>s  of  U-et  and  e4ine-sucar  by  means  1 
Aluminium  sulphate,  the  (Kitash  iH-ing  thereby  precipitated  in  the  form  < 
alum.  A  solution  of  ahimiiiium  sulphate  <if  a  density  c<irres|ionding  with 
about  27^  of  Baume's  hydrometer,  is  added  to  the  cold  syrup  having 
density  of  aliout  .3(iO  R.  in  ijuantity  Hulfieient  to  precipitate  the  whole  1 
the  jKilash  present  ;  the  mixture  is  well  stirred  for  fifteen  minutes  to  1 
hour  ;  and  the  whole  left  at  nwt  for  four  or  five  hours  till  the  de|Ki8il  ha* 
completely  sutisidtyl.  This  deposit  consists  of  small  crystals,  technically 
known  us  "  alum-mual."  Cuitsidurable  quantities  of  alum  are  now  made 
by  this  process. 

Sixliiim-aluiii,  in  which  sul|ihatH  of  sodium  replac<!S  sulphate  of  potassium, 
has  a  form  and  constitution  similar  to  that  of  >vnimon  alum  :  it  is,  how- 
ever, much  more  soluble,  and  dilficult  to  crystallize.  ^_ 

Amiiionium-tilum,   containing   iMI,,  iust<-ad  rif   K,  very  closely   riisemble^H 
ctmnuou  |>otassiuui-alum,  linviug  the  same  figure,  appearance,  and  c<insti«^l 
tution,  and  nearly  the  sanu^  degree  of  solubility  as  that  sulwtance.     It  is 
m.'inufiu'tured  for  commercial  use.     As  thi*  value  of  potassium-salt^  is  am- 
tinually  increaiiiug,  ammoniinu-alum,  which  may  Ik-  used  m  dyeing  with 
the    same    a<lvantagti    as    the    correS|Hinding    j>olassium-salt,    has    almuifi 
entirely  replaced   thu   iKita.<)i>inm-aJum,     When  heated  to  redness,  aiumoj 
nium-aluui  vields  |mru  alumina. 

(V«iuj«-«/"u(«,  AK.s(SO,),.13H3b,  and   HulMumMlum,   AlUb(S0,),.12nj 
resemble  potassium-alum.     -^  xili'tr-nlum,  A|Ag(SO,),.12HjO,  is  formed  1 
heating  equivalent  quantitira  of  argentic   and  aluminium  snlphattii  till 
the  /ormer  is  dUsolved.     It  cryst&IUxes  iu  regulaf  QOt4)hu<4rons,  and 
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r«I  i.r  irnt-r  into  its  ooTOponent  salu.     Tlicre  is  alxn  a  lluillium-alum, 

'.  wlikii  cr.vsuUIUrt  in  rt^ular  octolHHlrmig. 

L  '   aliiiii9  iiiuiuorplioug  with  those  junt  itt^Tihed,  iu  which 

ft>  Ui%^t-al   «iuuiiiiiiim   ia  rfpUci-d  hy  trivalt'iit   irou,   chromium,  and 

for  rxaiuple,  potA2i:iio-ft*rrii:  tiuljflialtf  or  iMttaHsiiiiii-intn  alum, 

;ll,0;  ammonkt-diruiuic  luljJutle,  t'r(.NH,)(S<),),.1211,0.     Tluwo 

lx.-«l  further  on. 

ilMiuiuiiiiii  MtltM  prcdent  especial  interest,  i-xcvpt  the  silicates  ; 

t!  n<^r  are  of  ^^rcut  iiii|Hirtmice.     Silicateii  of  aluminium  enter 

I.  .ipoiition  of  a  iiumlier  of  crystallized  minerals,  among  which 

fcbpar,  by  reaiMin  uf  its  abuuilant  occurrence,  occupies  a  prominent  place. 
Sruutr  porphyry,  trachyte,  and  other  ancient  unstratilied  riK'ks,  consist 
!■  gteAt  pATt  itt  this  uiiiierai,  which,  under  peculiar  cirruuislanctrs,  by  no 
aaui*  ««ll  unclerstoiNl ,  and  particularly  by  the  action  uf  the  carbonic  avid 
«(  'he  %ir,  suffers  lomiilele  ilecomposition.  being  converted  into  a  soft, 
faiabla  mrf"  of  earthy  matter.  This  is  the  origin  of  clny:  the  chani^e 
UwU  u  »eea  in  great  |)erfection  in  i%rlain  districts  of  Devonshire  and 
Omwall,  thM  felspar  of  the  line  white  granite  of  those  localities  being  often 
4t«iul<vr.'<t>-<l  In  a  great  depth,  and  the  rock  altemi  to  a  suljstuncti  resem- 
t.'  rtar.     By  washing,  this  lincly  divided  matter  ia  8eparnte<l  from 

t  .A  mica  ;  and  the  milk-like  liquid,  l>eing  stored  up  in  tanks, 

pended  olay,  which  is  afterwards  drieil,  first  in  the  nir, 
>  a  stove,  and  emiiloynl  in  the  manufacture  of  iwroelain. 
-signed  to  unaltered  felspar  is  AlKSijO,,  or  .AlKSiO,.2tfi(»,, 
'^.  The  exact  nature  of  the  chnug<'  by  which  felspar 
,  ..(lain  clay  is  unknown,  although  it  evidently  consists  in 
I  j.iu  of  silica  and  alkali. 

'  di-couiposing  r>K:k  contains  irou  oxide,  the  clay  produced  is 
niaimL  The  dilFerent  varieties  of  shale  and  slate  result  friMii  the  altera- 
ttoaof  ancient  clay-buds,  apparently  in  many  instances  by  the  inliltration 
•I  water  holding  silica  in  solution  :  the  dark  api)earanc«  uf  some  of  thuso 
Imcits  i«  due  to  bituminous  matter. 

It  is  a  cnnimon  mistake  to  confound  clay  with  alumina:  all  clays  are 

■hraliallr  Hilicales  of  that  base  ;  they  often  vary  a  good  deal  in  (»im|i<)si- 

tiu'i.      Dilute  a<'ids  exert  little  action  on  these  comiKiunds  ;   but  by  Isiiling 

'il  of  vitriol,  alumina  is  dissolved  out.  and  finely  divided  silica  left 

'    'kI.     l*laya  containing  an  admixture  of  calcium  carbonate  are  termed 

^vU,  and  are  recognireil  by  effervescing  with  acids. 

A  haaic  aluminium  silicate.  AI,0].SiO,,  is  found  crystallized,  conslitnting 
lk<  liMatiful  mineral  called  ryuniV«.  The  compounds  fiirni>fl  by  the  union 
•t  tke  aluminium  silicates  with  other  silic.ttes  are  almost  iiiiiuiiierable.  A 
*SIbw  tttapar,  albite,  containing  that  metal  in  place  of  (Milassium,  is  known, 
ni  Ihafli  are  two  somewhat  similar  lithium  compounds,  nixxluinrnf  and 
Malkt,  Tile  ttolila  are  hydrated  silicatt>s  belonging  to  this  cI.-ikh  ;  nnal- 
r  ffJuiitu,  mtsatiffM,  etc.,  are  doubU^  silicat<«  of  sisliuni  and  nliiiiiinium, 

V  ■■'"■■  water  of  crystallization.  Stilliilr,  hriiliiiulite,  lauimmiitr,  jinhuilr,  etc., 
^  .  ioti>iat  uf  calcium  silicate  combined  with  silicate  of  aluminium.  The 
►  '  frmH;  ajnnitt,  miea,  etc.,  have  a  similar  composition,  but  are  anhydrous. 
irua  M<»<}uioxlde  Is  very  often  solMtltuted  for  alumina  in  these  minerals. 


I 


Kalta  of  alarainlum,  when  moistened  with  tiihalt  nilrnle  and  heated  luifore 
(ke  blowpipe,  assume  a  characteristic  blue  color. 

jllnmina,  when  in  solution,  is  distinguished  without  difficulty.  Caustio 
■  rfiiiA  ao<l  moda  oeea-sicm  a  white  gelatinous  precipitate  of  alumlninm 
hydrate,  freely  aoluble  in  excepts  of  the  alkali.  Atnimmm  ]>roduce8  a  simi- 
lar precipitate,  insoluble  in  excess  of  the  reagent.     The  alknlint  cnrtximiltJi 
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and  carbonate  of  ammonium  prpoiijitate  thn  h^rdrnto,  with  escape  of  curtmo 
aci<l.     'I'lic  precipiliilfa  art-  iiisululilu  in  sxct-as. 

AmmuniHin  SHlfJutlr  aIko  )>trMlui'<^s  u  whilt*  prt'cipit/tle  of  Alutuiuium  lij 
drat«. 


BERRTI.LinM,  cr  OLUCINUM. 

Atomic  wcighr,  B.i.    Symbol,  Be. 

Tnia  gompwhat  rare  luetnl  occurs  as  a  silicate,  eilber  alone  as  in  pin 
ciU*.  or  luwociatud  with  otlu-r  xiiicntes,  in   btryl,   ejurrald.  PUclose,  Irne 
pliane,  holvitv,  and  several  vai  ititiea  of  gadolinile ;  also  a»  ao  alumin 
iu  cljr.vsubervl  or  <'VMin|>linu<*. 

Metallic  iM-rrlliinn  is  dblained  by  passing  the  vapor  of  the  chloride  ov 
melted  soiliiini.     It    is  n  wliili;  iiti>tal  of  speritic  (.-rarity  2.1.  it   mar 
furgiil  and  mllnl  iiil<j  slxiils  liku  K"'''  •  >''>  nicUiii^  jHilut  \»  IhIhw  that  { 
hilviT.     It  diHis  nut  d'.iooujposK  water  at  tlu'  IxhHhk  licat.     •Sulphuric  i 
hydrochloric  acidn  dissolve  it,  with  evolution  of  bydrojcm. 

Berylliam  (orms  but  onu  class  of  uonifiounds,  and  tbi-ro  i«  eon«idnrat 
doubt  na  to  its  atoniiu  woi^ht  and  mpiivab-nt  valiii*.  On  lb»  out*  hand, 
is  rcgardinl  as  a  ilyud,  likt<  calcium  and  nia^ncsuiin,  with  th"  atomic  weig 
il.4,  its  chloride  Ix-ing  iit-Cl,,  its  oxide,  Bt-O ;  on  thr  other  liand,  us  a  trii 
like  ainminium.  on  which  sup|>osition  its  chloride  hhuIiI  Iu'  lli'CI,,  ilii  naii 
Be,0,,  and  its  atotnio  weight  14 ;  but  the  former  view  appears,  on  the  who' 
to  be  moat  in  aooordauou  with  observed  facta. 

BerylUnm  Chloride,  Bed,,  is  fonnod  by  heating  the  metal  in  clili 
or  hydrochloric  iwiii  gns,  ur  by  the  action  of  aqu<K>ns  hydrouhlorlo 
the  metal  ur  its  oxide. 

The  .-inlirilrouB  chloride  is  prepared  by  pnmlng  chlorine  ovar  an  i|1iill 
mixture  of  iH-ryllia  and  chari'<ial.     It  is  le«s  volatila  than  altimlnium 
ride,  very  duliijjuesuent,  and  cosily  soluble  in  water. 

BeryUlam  Oxido. — Beryllla,  BeO. — This  earth  may  W  prenar 
beryl,  or  either  of  the  oilier  iH'ry Ilium  silicates,  by  fusing  the  Hncly  | 
mineral  with  potassium  carlionate  or  tiuiekliiiie;  treating  the  fiiRed  roi 
with  hydrochloric   acid;    evoi>orttting  to  drynesn;    then   nH)!*!.!!;!!).'  it 
residue  with  hrilrochlorie  acid,  and  treating  it  with  water,  wlo  i 
thing  is  dissolved  except  the  silica.      The  llltercd  liquid  is  thou 
excess  of  ninni'iiiin  solution,  which   throws  do» 
tainiiig  IhiIIi   altiminn  niid   iHTvllia:   this  pn  ' 
the  Iwryllia  is  (IiH«o|vi«l  out  from  the  aliiiiiiii.'i  1.    ..„       .   . 
solution  of  .ininiiiiiiiiin  carbonate.     The   lii|iiid    la  again  lllterod,   and 
(■oiling   it,    birryllium  carlxmnle  is   deiKwited   an   a  white  jiowdvr,  whii 
when  ignited,  leaves  pure  U'rylliu. 

Bi'ryllia  is  very  ranch  like  alumina  fn  pbr«tea1  rharaeler*.  and  fnM* 
rnseiiiblea  that  siilwtance  in   In-ing    < 
lunla  ;  but  it  is  distinguished  (mm  ni  Ij 

precipitated.  In  a  colit  oolntlon  nt  huh 

have  a  sweet  taste,  wbeme  the  former  ii 

yXv^i-^<       'Ili..»/  f,r li.il.-^..    nnd    are   di- 

nin  with   po: 

nil.  I'l.  witli  iv'U 

Wttlt  mtuuiuitiam  caibuuale. 
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ZIRCONIUM. 

Atomic  wfigh I,  M.D.    Syuilwl,  Zr. 

Tbi»  is  a  li-tra/1  metal,  iutenuwliali'  iu  miiiiy  nf  its  prnpnrticH  bc!twe«n 
tlauiiniutu  »II<1  siliciuiii.  Its  oxide,  xireuiiiu,  was  first  iibtuilied  ti,v  Klap- 
III  17'*>i>,  from  xiruoo,  which  is  a  xilicate  of  zircxiuimii.  It  has  siuoe 
I  (oanil  iu  fergustmite,  eadialyto,  and  two  or  three  other  rare  uiiiieraU. 
7  I.  likn  »ilio«ii,  is  capable  of  existing  i»  three  ililferuut  Htat<«, 

ryat5illine,  and  graphitoldal.  The  iiiiiorph<iu«  ttiid  crystullinu 
kiiviii^  ai.'  obtalnrtl  by  prucowes  itimilar  to  those  d«i>vrilH<il  for  prep:iri>ij{ 
ipomliiig  mudilieatioug  of  siliciuiu  \  graphitoidal  zircuiiiuiii  wast 
by  Truost,  in  attempting  to  (let-ouijKwe  sodium  zirixinate  with 
but.  In  light  «u3l<-a  of  a  steel-gray  color.  .\morplioUH  zirconium  when 
hea'iM  In  th"  air  lake:*  lire  at  a  heat  .Homcwhat  below  r»>dne8.s,  and  buTO8 
»  lit,  forming  tiroonia.     Crystalline  zirconium  foriiut  very 

I.  -  resembling  antimony  in  color  and   lustre;    it   burns  in 

III  .•  heat  of  the  oxy-liydrogen  blowpi|K',  but  takes  lire  lit  a 

lie  gas.     Zirixinium  \a  but  little  attacked  by  the  ordinary 
._,  ;.»lluorio  acid  disaolvos  it  readily,  with  evolution  of  hydro- 


Sroonlom  Oxide,  or  Zlroonia,  ZrO,,  is  prepared  by  strongly  igniting 

t'ri'!i  'iiromium  silicate),  with  lour  times  its  weight  of  dry  soilium  car- 

»nd  a  small  quantity  of  siKlium  hydrate.     The  silica  is  separatixl 

!..•  fused   mails   by  hydr<H'.hloric  a«id,  as   describixl   in    the  cose  of 

''.:.■  resulting  solution  is  troate<l  with   ammonia,  which   throws 

il  I  g.'iii-rally  mixixl  with  ferric  oxiile  ;   the  pri^'ljiitate  is  redis- 

h..     .   ...    i.ydnx-liloric  acid;    and   the  solution  is    boiUnl   with  uxcwis  of 

tuliuiu  Ihinsulphatc  as  long  as  sulphurou.s  acid  continues  to  «scap«, 
vlii  r.Sr  y\\t»  lirounia  is  preoipitateJl,  the  whole  of  the  iron  remaining  iu 
'!  Ziroonia  thus  olitainod  fonns  a  white  powder,  or  hard  lumps, 

I  ivity  4.3.')  to  4.9.     By  fusing  it  with   borax  in  a  pottery  fur- 
W'l  out  the  soluble  salts  with  hydrochloric  acid,  zirconin 
I  ,11  i|ua<Iratic  prisms  isomorphous  with  the  native  oxides 

n{  ■tllllllU. 

,  hydrates  are  obtained  by  pr(>cipitating  the  solution  of  a  ziroo- 

ii .  -i  lib  ammonia:  the  prt-eipitate  u<mtains  ZrH,0,  :=  ZrfK,.lI/>,  or 

Zrll^U,  ^  Zr,.aUjl>,  auoordiug  to  the  temperature  at  which  it  is  ilrie<l. 

2irounia  act^  \*>X\\  as  a  tuise  and  as  an  acid,  .\fter  ignition  il  is  insoluble 
is  all  acids  except  hydrotluorio  and  very  strong  sulphuric  acid,  but  the 
kyilrale  iliasolve*  easily  in  aviiU,  forming  the  zirconium  suits  ;  the  normal 
talphaU'  has  the  composition  Zr(SO,),,  or  Zr»>,.i>(»,. 

Cowpounilsof  zirconi^i  with  the  stronger  bases,  c^alhxi  ziroonates,  are 
ttbitiUMl  by  precipitating  a  zirconium  salt  with  jiotnsh  or  Koda,  or  by  ig- 
altiag  ziromia  with  an  .ilkaline  hydrate,  thlaitinm  linimnle  dissolves 
eootplvUdy  in  water.  Three  »nr/i'um  zireonulr*  have  lieen  foriiie<l,  oontain- 
tog  Ka^iU,  =  .\b/).ZK>,  ;  Na.ZrO,  =  2Na,O.ZrO, ;  and  N»^r,0„  «  Na,0. 

Zlrconlam  Fluoride,  ZrK,. — This  ooraponnd  is  obtained  by  dissolving 

'I.  or  the  hydrate,  in  hydrofluoric  iiciil  ;  or  iu  the  anhydrous  state, 

'  ting   lirconia  with   nuuuouiiiiii  and    hydrogen    lluoride  ijll   all  the 

.1,1,^.. 'Ilium  Uuoride  U  driven  ulT,     It  unites  with  other  metallic  ttuoriiles, 
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forming  double  salts,  called  xircoflaorides  or  fluozirooniitei^ 
which  &re  isomorphnas  with  the  corresponding  silioofluorides,  stannofluo 
ridos,  uid  titanotiuoridcs,  and  nrc  mostly  rcprfseut<Hl  by  the  formulic — 

4MF.ZrF, ;  3MP.ZrP,  ;  2StF.ZrFj ;  MF.ZrF,, 


in  which  M  denotes  a  monad  metal, 
compoaitiun  &KaF.3ZrF,. 


The  sodium  salt,  however,  has 


THORIIHTM  or  THORIUM. 

Alonilc  weight.  i.U.4.     Symbol,  Th. 

Tins  very  rare  metal  was  discorered  in  1828  by  Berzeliiis,  in  thorite,  i 
mineral  from  the  Norwegian  island  Lovdn,  in  wiiicli  it  exists  as  a  silicat 
It  hiui  Hini?e  been  found  in  euxenite,  pyrochlure,  and  a  few  other  minera 
all  verv  srarce. 

Metallic  tliuriiiiim  is  obtained   by  reilueing  the  chloride  with  poUiasiv 

or  sorltaiiii,  as  a  pray  powder,  which  ac-quires  metallic  lustre  by  pressur  

and  lias  a  deusity  of  T.iiti  to  7.9.  It  is  not  oxidized  by  water,  dissolve* 
easily  in  nitric,  slowly  in  hydrochloric  acid,  and  is  nut  attacked  by  caustlo 
alkalies. 

Tliorinum   forms    but  one  alass  of  oomponnds,  in   all  of  which  it 
quadrivalent. 

Tborlnum  Oxide,  or  Thorina.  ThO,,  is  prepared  by  deeompnsing  Ih 
rilewitli  hydriH^liliiricacid,  separating  the  silica  in  tlic  usual  war,  treatii 
the  liltereii  solution  with  hydrogen  sulphide  lo  separate  lead  and  tin, 
preeipitatiiig  the  thorina  by  ummunia,  together  with  small  quuiititioa  ( 
the  oxides  of  iron,  manganese,  and  uranium.  To  get  rid  of  these, 
pri^cipitale  is  redissolved  ill  hydrochloric  ai'id,  and  the  hot  saturated  sola-^ 
tion  is  iKiiled  with  a  solution  of  iieiitnil  |H>tassiuuisnlphale.  The  thoriniim 
is  thereby  precipitated  as  thormuiii  Hud  )Kit;issiuiu  sulphate  ;  and  from  Ib^^ 
solution  of  this  salt  in  hot  water,  the  thurinum  is  pnvipituted  by  alkalif^H 
as  a  hydrate,  which,  on  ignition,  yields  pure  thorina.  ^^1 

Thorina    is   white,  .iiid   very   heavy,  its    specific   gravity   being    9.4<t2. 
After  ignition,  it  is  insoluble  in  nitric  and  hydroclilorio  aoids,  and  dis- 
solvtts  in  strong  sulphuric  acid  only  after  prohmged  heating.     The  /ry</ni/4^H 
precipitated  from  thorliiiiiu  salts  by  alkalies,  dissolves  easily  in  avids.      ^H 

ThoTlnum  Chloride,  TliCl,,  prepared  by  igniting  an  intimate  mixture 
of  tlioriiiii  and  ciiiiic  ml  in  clilorine  gaa,  sublimes  in  white  shining  crystals. 
It  forms  double  salts  with  the  chlorides  of  the  alkali-metals. 

Thorlnam  Sulphate,  Tli(.SO,),,  cr.i-stallizes  with  various  quantitlM^f 
of  watiT,  according  to  ilie  temperature  at  which  its  solution  is  cva|Kirati>i)^| 
Tliorinum  and /lo/wjiJiMni  mlpluile,  ThK,(SO,),.2H,0,  separates  as  a  cryslalline 
powder  when  a  crust  of  |)olassiuiii  sulpliHto  is  suspended  in  a  solution  of 
tliorinum  sulphate.  It  is  easily  soluble  in  water,  but  insoluble  in  alooha' 
and  in  solution  of  pota:iDium  sulphate. 


CXBICM — LAKTBANUM — DIDYMIUM. 


CERiaM.— I.ARTHAITUM.  -DIDTMIUM. 

Ce  »  138.  —  I»»  -  139    -  Ul  ^  1(4.76. 

thrc*  mr^taU  occur  logpthcr  as  silicates  in  tho  Swwlish  niincrnl 
•wil«,  alft  in  Mlanite,  ortliite,  and  a,  few  othure  ;  and  as  pliotiphatirii  in 
BD(uiit«,  olwarcUito,  and  cryptulite,  a  mineral  ovottrring  diiiaeniinRted 
Ibroagh  apatit<-  and  throngh  curtain  itobalt  (iri<s. 

(VriuQi  wns   di8»»vcre<i   in  1><03  by  KInprotli,  and  by  Hisinger  and  Ber- 

•fliua.  whn  nhtain«d  it  in  tlic  form  of  uxid«  from  cerite.     This  tuiuitral  is 

p'l  iiwiswi  by    boiling   with   strong   hydrochloric  acid,   silica 

l»  lid  the  wrium,  together  with  iron  and  other  mctnis,  ilis- 

.....i.tle.     On    treating   the   acid   aollltion    thus   obtained  with 

•-rium  oxalate  in  precipitate<l  na  a  whitv  crystalline  jxiwder, 

.1    ignitol,  leaves  a  hrown  oxiile.     The  product   thus  olitnined 

Mu,  iur   HH^nie  tiiua,  regarded   as   tho  oxide  of  a  single  metal,  ceriuiu; 

but,  in    lS'.i9  and    1841,  Mosaniler*  showe<l   that  it  uonlained   the  <ixide8 

«f  tiro  other  metjUs,  which  hu  designutod  as   lantlianuiuf    uid  didy- 

niiuiu.t 

i"  vide  may  be  separati?d  from  the  oxides  of  lanthanum  and  didy- 

m  •''"(;  th"  crude  brown  oxide  Hl>oreuenlione<l,  first  with  dilute 

a'  :  li   strong   nitric  acid,  which  gradually  reuiuve«  the  whole  of 

II  liii  and  didymium  oxides. 

\  J    :  .itiou  of  thffite  two  oxides   one   from  the  other  is  much  more 

diftouh,  anil  cao  be  effect«<l  only  by  successive  crystallization  of  their  sul- 
;in>«9.  If  the  luithanam  salt  is  in  excess,  iu  which  case  the  solution  of 
tl  ilphat<;s  Ua»  only  a  faint  amethyst  tinge,  the  liquid  is  evBl>o- 

I-  .1.-S4,  and  the  residue  healed  to  a  tonii>erature  just  Iwlow  red- 

mi.  lu  n-udrr  tho  sulphutt^  anhydrous.  The  residue  thus  obtained  IB 
Ikn  lobe  added  by  small  portions  to  ice-cold  water,  which  dissolves  it 
••■ilv  »i..l  il..-  K-sultiug  solution  heated  in  a  water-bath  to  iilxiut  4tP. 
1  N.'kte  then  crystallizes  out,  containing  only  a  small  quan- 

ir  ..  anil   may  be   further   purilled   by  rei>eating   the  whole 

yrnni  if,  ou  the  other  hand,  the  didyuiium-salt  i.s  in  excess,  in  which 
tM«  the  liquid  has  a  decided  rose-color,  separation  may  be  ellc>cted  by 
Utiag  the  acid  solution  in  a  warm  place  for  a  day  or  two.  Didymium 
nilpbate  then  separates  in  large  rhouilwhodral  crystals. 

MaUliie  errium,  lanthanum,  and  didyniium   are  obtained  by  rniucing 

He  ehloridaa  with  soiliura,  in  the  form  of  gray  powders,  which  decomi>ose 

vMcr  al  ordinary  t.-mperature»,  and  dissolve  rapidly  iu  dilute  acids  with 

•veliilkni  of  hydrogen. 

.ltom.r    n'ril)l,t,   and    Q«nnfi"eo/fi)c<-.— According    to   tho    atomic   weight* 

I.,  a.'.ii.igiK'd  to  thi-se  three  metals,  viz.:  Ce  s=  92,  La  =  93.(i,  Ui  =115 

-itde  on  p«!.'e  27),  lanthanum  and  didymium  should  be  dyads,  forming 

ihloruloi   and  oxides  of  the  tvjHis  Rfl,  and    Rt),  and   cerium   should   be 

daxnl  with  the  inm-metals.    'Mendelejeff,  however,  as  alr.nily  observed, 

prr>p<i»ed  to  alter  the  atomic  weights  in  ncwirdance  with   the  periodic  law 

of  th«  elements,  making  01  =  l.i."*  (triad),  0  =  140,  I,a=  lt*U   (tetrads). 

(!,,i    ,.!i„^,  I,,  r.'cent  determinations  of  the  specific  heats  of  1111*0  three 

n-  ■old   apjiear  that  in  their   most  stable  eombinntions  they  are 

«j,  uidic  or  trivalent.     UUIebrandll  flnds  for  the  speciflo  heals  Uie 

Mtowiog  values : — 


•  p.: 


.\nni«len,  xlvl  MS;  nlvlt.  SOT:  Ivl   in. 

,  tn  lip  Ml).  f  Kroin  ^  liTi'.'iei,  tw\n». 

Aoatlrn  (Itire),  elxlll   71. 
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Ce 

0.0479 


La 

0.04485 


Di 

0.()46f>3 


and  MendelejefT  Quds  for  cerium  tho  number  0.050.     Now,  Uiese  ntimi 
mullipliiKl  liy  lhi>  liitliorty  receivwl  atoinio  wcight.i  of  tho  n-spi-ctivc  lucti 
give  for  tho  atomic  heat«  tlic;  v.iluf3  4.12,  4.15,  and  4.4<',  »hii:li  do 
agree  with   the    law  of  Uuloug    and  Petit    (p.  -2.'ij  ;    liut    if  tln<»o   atoa 
weighta  aro  incroasud   iu   tliu  ratio  of  2  to  3,  whiuh  amounta  to  ma'  ' 
their   lower  oxidos  sracjuioxidt-n,    R,<>„   inslvad  of  mimoxides,   RO, 
values,  with  8niall  eorrectiouii,  at'oordlug  to  r<*«ent  auoljrstw  hy  UtUeltM 
beooma 

Co  La  Di 

ViS  139  144.75, 

giving  for  tho  atomio  heats,  the  valoes 
6.18  6.23 


6.60, 


which  are  in  oooordanoe  with  the  general  law. 


Cerlnm  formii  two  sorlea  of  oomponndB,  vii.,  the  oerons  oooipoar 
in  which  it  l»  trivnlcnt,   aa  abovo  statod,  e.  g.,  C'eCl,,  0,0,,  CV,(St>^ 
and  the  corio  i>oni]K>uiid»,  in  which  it  id  quadrivalent,  t.  y.,  eerie  oxu 
C«(l,  [formt-rly  ceroao-twrie  oxide,   C'e,0,],  eerie  sulphate,  C«i(M< >,;,,• 
There  are  olno  two  Uuorine-coinpouniU  of  cerium,  in  which  it  n|>pi.>«nj 
have  still  higher  equivalent  valued. 

Crmwi  nxiJr,  <"e^()j,  is  obtained   by  i^iting  the  carlionate  or  oxalate  ] 
a  rurreiil  of  hydrogen,  as  a  ^T.-iymh-blue  jKiwder,  unirkly  converted 
ooric-  oxide  on  exjKJsare  to  the  air.      Its  salts  are  wilorless.     Thi?  m/fU 
l'«,(S(t,)„  erystalliies  with  various  quantitira  of  water,  aecordinit  t<i 
t^niiperature    at    whieli    it    is   di*posited.       iWium   ami  ftotamtiHm  «W^~ 
<.'eK,(Si),)„  separates  as  a  while  powder  on   immersin;,'  solid  potaacil 
sulphate  in  a  solution  of  a  eerous  salt.     It   is  slightly  soluble  in 
water,  but  insoluble  iu  a  saturatiHl  solution  of  |iotn»sium  Hul|diHle. 
foroi.ilioii  of   this  salt  affords  the  meaus  of  separating  cerium  fpitn 
other  meUils. 

Cerit  \)xiiir,  (.'e<\,  is  prodncJ"d  when  crong  hyilrale,  rarbonali*,  or  nilf 
is  igiiit'Hl  in  an  op<!U  vessel.     It  is  yellowisli-white,  Bc<|uirr)i  a  deep  orang 
red  (sdor  when  heated,  but  recovers  its  original  tint  on  omling.     It  is  i 
converted    into    a    higher   oxide    by    ignition    in    oxygen.      I'rrie  kylntt 
2Ce(.\.3ll,0,  obtained  by  passing  tdiloriiie  into  aquoius  jmUiMh  in  whio 
eerous  hydrate  is  sus|M>nded,   is  a  briglit  yellow  precipitate,   wliioli 
solves   readily  in  sulphuric  and   nitric  aeids,  forming  yellow  solutions 
eerie-  salts  ;  and  in  hydrochloric  aelil,  with  evolution  of  elilorioe,  Cnrmil 
colorless  eerous  chloride. 

The  solution  of  the  sulphate  yields  by  spontaneous  evaporation,  Snl, 

brown-rivi  crystals  of  a  riTow-eerir  W/,    .},V';Lu*^     i    +   4Aq.,  and 

wards  yellow  indistinntly  crystalline  rme  tiil/ihatf,  t'e(90,),.4Aq. 

All  iM<riu  couifHiundo,  when  healeil  with  hyilrvx-hloric  aeid,  give  off  uli| 
rino,  and  are  r<«lue«i|  to  the  c<irre«p«>ndlng  eerous  e<iui|H>uuds  ;  thus  . —  1 

(VO,  +  4IJ(I  tm  CeCI,  4-  3H/)  +  a. 

•  If  Ihea*  formuliii  be  ilnubird,  the  cerl«  romnonniU  msir  alto  tw  rvnr^H  ••  i 
(aJalof  rnrsU'ol  oertum,  r  ir..  Ce.ii,  or    I      I        I  , 
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"niff*  w  »  ^unridti  of  rmitm,  CtfjF,  (fomiwljr  C«F,),  which  may  be  ob- 
i.ito,  «nil  likowiso  nciiirji  nativt'  a^  Jiuwrrite, 
„  uocuniug  dtf  iliKut.riiir  at  FiiiuIm,  lu  bMcileo. 


Cil.i 


I  I1I.TI.' i!>,  liuwt'ViT,  ii   lii^'livr  oxiiie,  tlii<  u<)ni[>0!)itiuii  ol  which 

ly    kuuwn.     Liuitliaiuiui   s^alla  are   cvlurlivs :    thvir   solutioiia 

.'•Ikaluia,  a  pr»cipiluti<  nf  laiiiluinum  hi/ilnsiile,  LaU,(),,  wliich, 

'I,    leaved  the  white  atihyilrous  si'squioxidu.      Uuth    the   liy- 

l   Uiu  iuih,v<ln>U8  oxiilv  dissolve  v.v>ily  in   acids.     Lanlhunmn 

>^  •tunll  |irisiii»tic  cryKtuls,  voiitaiiiiug  La,(b<)J,.!liI,0.     J.an- ^ 

■im  <ii//"Wr,  L.iK,(fjt),),,  in  furiurd,  on  mixing  thtf  solution 

..It  mill   i«.t.i»siiiiii  6iilplinto,  as  a  whitv  crystnllinu  pre- 

^riif'iiiig  lliu  i.virrt%pondiU(;  cerium  »alt. 


Dldynium  salts  are  rose-ixilorod,  and  tlii-ir  solutions  give,  with  alka- 
liiM.  ■  puju  ruS'-'-tt'lored  precipitalf  of  thu  hyilnxiih,  DiHjO,,  which,  whuu 
i|;ait<*d  iu  a  oiverud  crucible,  loavca  the  anhydrous  monoxide,  Di,<>,,  in 
wbit«,  hard  lump«.  Wh<;n,  however,  the  hydroxide,  nitrate,  carbonate, 
or  <.x»lstc  of  didyniium  is  heated  in  eoutaut  with  the  air,  and  not  very 
ail  .lark-brown  peroxide  is  l«?ft,  containing  from  (l.d  to  0.9  per 

(.  I  more  tli.in  the  uionoxido.     This,  when  treatinl  with  aeiils, 

i  '■      ■.•■....■» Ill  and  yielilinp  a  salt  of  the  nmnoxido. 

Ill  an   acid  solution,  by  ^[tontaneous  eva- 
I     ii.ilral  erystaU,  exhibiting  numerous  sec- 
.  ami  eonuiining  Ui,(.St),)j.8Aq.  :   they  are  isoniorphous  with 
ti.  .  conNtituted  sulphates  of  yttrium,  and  erbium.    The  sulphntn 

'%•  Me  iu  nold  than  in   hot  water,  and  a  solution  saturated  in  thu 

Hi  .  -,  when  healed  to  the  boiling-point,  a  crystalline  powder  oon- 

tainiii;;  J)i, (,.>(),), .iJAii. 

ifidymiuM  auU  /joliuaium  tul/ilutte,  DiK,(SOj)„  resembles  the  lanthanum 
ult. 

lidlut UiQfi  of  didytnium  saU«  exhibit  a  well-marked  alisorption  spec- 
tmia,*  coiitainiDg  two  hiaek  lineJs  inclosing  a  very  bright  space.  One  of 
Iboae  black  lines  is  in  the  yellow,  immediately  following  Fraunhofer's 
line  D ;  the  other  is  situatiil  iK-tween  E  and  'i.  These  characters  can  be 
lUMinctly  rMH)gniied  in  a  soliitiim  half  an  inch  dm'p,  containing  only  O.U) 
^r  aii'iit.  of  didyuiium  salt.  Loulliauuiu  salts  do  not  exhibit  on  absorp- 
lino  aiM^truiit. 


I 


YTTRIUM  AlTD  ERBIUM. 
Y  -  ea.   Eb  -  iis8.«. 

« ...,..i.,    ...:. -'v-ates  in  the  gndoliniteor  rlterbile  of  Ytlerby 

li  T  rare  irhniT.ils.      A   third  metal,  i-alled  ter- 

1  ,,       d  to  l)e  nssooiali'd  with  them;  but  recent  expe- 

~"  of  Uahr  and   Bunion, f  bare  thrown  very  great 

yttria  and  erbin,  in  the  separate  stale,  gadolinite 

••■hloric  acid,  and   the  solution  separnti-d  from  the 

ir.jiifii  Willi  ii»alio  acid,  whi>'h  throws  ilown  the  oxnlati-s  of  erbi- 

■  ytlrliiin,  tO);»ih<'r  with  those  «(  eabiiim,  eeriuni,  lanthanum,  and 


*  K«*  t^lOIlT,  p.  W. 
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did;mium.    These  oxalates  are  converted  into  nitrates ;  the  solntion 
treated  witli  t-xcess  of  solid  potassium  salphatc,  to  sppnrnte  the  rerin 
luetata  ;  tho  erliium  and  yttrium,  which  slill  ri-iuaLii  in  solution,  are  aga 
procipitaliKi  by  oxalic  acid  ;  and  the  saum  treatment  is  repeated,  till   ill 
solution  of  the  raixc-d  earths,  when  cxamine«i   by  the  spectral   apparslud 
no  longer  exhibits  the  alwnrptiim-lmiids  characteristic  of  didyuiium. 
separate  the  orbia  and  ytlria,  they  are  again  precipitated  by  oxalic  acid 
The  oxalates  are  converted  into  nitrates,  and  the  nitrates  of  erbium 
yttrium  are  separated  by  a  aeries  of  fractional  crystallizations,  the  erbiv 
salt  U'ing  the  less  soluble  of  the  two,  and  crystallizing  out  first  ;  hut  th 
process  requires  attention  to  a  number  of  details,  wtiich  cannot   be  he 
(tescribeij." 

Metnllic  erhium  has  not  been  isolated.  Yttrinm  (containing  prbtnnij 
was  iibtainrd  by  Herztlius,  as  a  blackish-gray  powder,  by  igniting  yttrium 
chloride  with  potassium. 

Yttrium  and  erbium  have  hitherto  been   regardml  as  dyads,  with  tfa 
atomic  weights  y  =  G1.7,  Kl>=112.ti;  but  tho  close  analogy  of  their  ■ 
pounds  to  those  of  lauliiaiium  ami  didyuiiuni  renders  it  more  prohalilj 
that  they  are  triads,  » ith  the  higher  atomic  weights  above  given.     In  ' "  ' 
absence,  however,   ol  exact  determiuations  of  the  siiecific  heats  of  the 
metals,  tho  question  must  for  the  jiresent  be  regarded  as  undi-rid<Hl. 

Erbia,  Kli,0„  obtained  by  ignition  of  erbium  nitrate  or  oxalate,  has  < 
faint  rose  color.  It  does  not  melt  at  the  strongest  white  heat,  hut  aggr 
gates  to  a  spongy  mass,  glowing  with  an  intense  gn-en  light,  which,  wba 
examined  by  tho  speclroscojMi,  exhibits  a  cimlimirmn  spectrum  intersed 
by  a  numb«!r  of  bright  bauds.  Solutions  of  erbium-salts,  on  the  Dth< 
hand,  give  an  absorption-siwctrum  exhibiting  dark  bands,  and  ihf  poin 
of'  nviximum  inlemili/  of  Ikr.  lii/hl  bamh  in  ihe  i  musion-niedrutH  o/'  pUnriig  er4( 
coincide  exaellg  in  position  with  the  /miits  nj  grriilisl  iliiThirM  in  ihr  uhtorptil 
iptetrum.  Tho  [Kmition  of  these  bands  is  totally  dilTereut  from  thoHe  in  t" 
emission  and  alworpt inn-spectra  of  didyraium.f 

Erbium  salts  have  a  rose-red  cutor,  deejier  in   the  hydratt-d  than  in  the 
anhydrous  state;  they  have  an  m-id   reaction  and  sweet  astringent  taster^^ 
The  W/i/i«/r,  Eli,(SO,),.6Aq.,  forniH  liglit  rose-colored  crystals,  isumorphoilH 
with  the  sulphates  of  yttrium  and  didymium.  ^| 

Yllriit,  Y,()„  is  a  son,  nearly  white  powder,  which  when  ignited  glows 
with  a  pure  white  light,  and  yields  a  spectrum  not  i-ontaining  any  bright 
bands,  like  that  of  erbia.  It  d<.es  not  unite  directly  with  water,  but  is 
precipitated  as  a  hydrate  by  alkalies,  from  solutions  of  yttrium-salts.  It 
dissolvi-s  slowly  but  coiiijdetely  in  hydrochloric,  nitric,  and  snlplniric  acids, 
forming  colorless  solutions,  which  do  not  exhibit  an  alworiition-sjjectmm. 

Yttrium  tulphatr,  Y,(SO,)3.8.\q.,  forms  small  colorU>ss  crystals. 


lifaclioiis  of  the  Eaiih-mttnU. 

1.  .AH  these  metals  are  precipitated  from  their  solutions  by  uniuoniam_ 
sulphide,  as  hydrates,  not  as  sulphides.     They  are  not  precipiUtcd 
hydrogen  sulphide. 

2.  The  hydrates  of  alnminimn  and  beryllium  are  soluble  in  cavMic i 
liuli;  those  of  the  other  earth-metnls  are  insoluble. 

3.  Beryllium  hyilrate  dissolves  in  a  cold  s»turat<-d  solution  of  nrntuama 
airhntmir,  and  is  precipitated,  as  earUmate,  on  lx)iling.     Aluminium  hy<lrate 
is  insoluble  in  ammonium  csrlsniate  (see  further,  p.  344). 


•  SJ-e  Wnlfi'i  nii>tlonnry  of  Chemtiitry,  vol.  T.  p.  TB. 

f  The  puiHT  hy  Bihr  nti.l  Biiincn,  iiliorc  rfferrrd  to,  Is  accompaaled  ky  ex 
dlngramt  ol  the  erbluzn  and  ilidymluni  iprclra. 
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MAXOFACTURE    OF    GLASS. 


Of  «>!«•  »«r*h-mBt7vlB  whoaw  hydrates  are  insoluble  in  potash, — name' 

'riam,  lanthanum,  didvmium,  erbium,  and  yttrium 
:iiini  may  be  precipitatfil  as  thiu&ulplintc-ii  by  boiling 
■••otuii'i:  »  1..1  ~.,,;.„  thiiutuljiluilf,  the  ulhiir  mutals  remaining  in  solution. 
TWprM'il-itato  whou  ignited  leaves  pure  ziroouia  and  thorina,  or  a  mix- 
Iveof  the  two. 

i,  Zlrooaiani  and  thorinum  may  bo  sopnratiHl  one  from  the  other  by 
Bfsm^  of  nmjnoitiam  oTtiUit^^  which,  when  added  in  excess,  preuipitatcs  the 
t!  -  'ixalatp,  and  leaves  the  liroonium  in  solution. 

>,  lanthanum,  and  diil^'mium  are  separated  from  yttrium  and 
cmum  DV  atltiing  an  exe^ss  of  potfuuium  xiilji/uil«j  which  throws  down  the 
AMlOtt  metAls,  leaving  yttrium  and  erbiiiiu  in  solution  ;  to  insure  com- 
ibto  prpcipitAlinn,  the  solution  must  be  left  in  uoutavt  for  some  time  with 
SpUotof  solid  p<jtassium  sulphate. 

Cerium  may  Iw  separ.ited  from  lanthanum  and  didymium,  as  already 
<iiurf»t,  \>y  treating  the  mixed  oxides  several  times  with  nitric  acid  (p. 
MT).  .Anoiher  method  is  to  boil  the  mixe<l  oxides  (the  cerium  being  in 
it  ctric  oxide)   with  solution  of  mtl-iimmniiinc.     The  lanthanum 

•  im  then  gradually  dissolve,  as  chlorides,  while  the  cerium  ro- 

niiiu-  :l5  .  .tic  oxide.  A  third  methiHl  is  to  precipitate  the  solution  of  the 
ibrve  nwriaU  with  exce.ss  of  ]Mitaah,  and  pass  elJurinr  in  excess  through  the 
«niN!i..Ti  uii.i  precipitate;  the  cerium  is  then  separated  as  bright  yellow 
.-,  while  the  lanthanum  and  didymium  re-dissolve  as  chlorides. 
i.  u  sen-eA  to  detect  very  small  quantities  of  cerium  mixed  with 

tt«u4it«r  two  metals.  Orium  is  further  distinguished  by  the  light-yellow 
tiut  cd  anhydrous  owric  oxide,  and  by  the  reaction  of  its  compounds,  when 
lued  hefora  the  blowpipe  with  borax  or  phosphorus  salt,  the  glass  thus 
lonMd  buhig  deep  red  while  hot,  and  becoming  colorless  on  cooling. 
DUynilun  ia  diatinguishe<l  by  the  dark-brown  color  of  its  higher  oxide; 
If  Uts  ]wie  rose-color  which  its  salts  impart  to  a  bead  of  borax  or  |>hos- 
plMinu  sait ;  and  by  the  peculiar  character  of  its  absorption-spectrum  (p. 
W). 

The  methods  of  separating  lanthanum  from  didymiam,  and  yttriom 
boM  orbium — ^imperfect  at  the  best — have  been  already  noticed. 
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IlurcrACTiraE  or  Olass,  Pobcelais,  asd  Eabtbex-wabk. 

WMMk — Ulass  is  a  mixture  of  various  insoluble  silicates  with  excess  of 
■lUaa,  altogether  destitute  of  crystalline  strurture ;  the  simple  silicat^-s, 
formad  by  fusing  the  basi-s  with  silicic  acid  in  equivalent  proportions,  very 
often  crystallixe,  which  happens  also  with  the  greater  number  of  the 
BsUtrkl  silicates  includnl  aiuoug  the  earthy  minerals.  Cnmpoumts  iden- 
tiflsl  with  some  of  these  are  also  occasionally  forniiil  in  artiticiitl  proctrsst>8, 
w'v—-  !•'•..  masses  of  melte<l  glassy  matter  are  suffered  to  cool  slowly. 
1  .tr  silicates,  when  in  a  state  of  fusion,  have  the  power  of  dis- 

*■  '        .         irge  quantity  of  silica. 

Two  principal  varieties  of  glass  are  met  with  in  onmuierce,  namely,  glass 
tatapotoi  of  silica,  alkali,  and  lime  ;  and  glass  contaiuing  a  large  propor- 
tion of  lead  silicate  :  crotrn  and  f^Jute  glam  belong  to  the  former  division  ; 
Jlii^  fUiMM,  and  the  material  ot  artifleial  geuis,  to  the  latter.  The  leail 
ivtes  fusibility,  aud  ixjnfers  nlso  density  and  iuslre.  ('(tiumon  gre<^n 
19  ciiintaius  no  leatl,  but  much  silicate  of  iron,  dcrivini  frnm  the 
r«  materials.  The  principle  of  the  glass  manufacture  is  very  simple. 
Silira.  in  the  shape  of  sand,  is  heated  with  potassium  or  sodium  carbonate, 
anil  slakol  lime  or  lead  oxide  ;  at  a  high  temperature,  fusion  and  ciunbi- 
Bsliuu  ooour,  aud  the  carbonic  acid  is  expelled.    Glauber's  salt  uiixod 
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Ilia 

-1 

u:n 
Willi  potassium.  ^_ 

m  aiij  trbiuiu  luivi-  liithiTto  bwn  regarded  a»  dyadu,  with  tli^| 
'eigliLH  V  =  lil.7,  El)  =  J12.t);    but  llie  close  analogy  of  their  ro^H 


didymium.  These  oxalates  are  convert«d  into  nitrates ;  the  solntion 
treated  with  excess  of  solid  potasiiuin  sulphate,  to  separate  the  ceri 
luelaU  ;  the  erbium  aiid  yttrium,  which  still  remain  iu  sululiun,  are  ag, 
prei'ipitttted  by  oxalic  acid  ;  and  the  same  treatment  is  repeated,  till  the 
solution  of  the  mixed  earths,  when  exaiuiiied  by  the  «j«'Ctral  apparatus, 
no  louger  exliibitii  the  aliHorptiim-hiiiids  cliaracterislic  of  didyiiiium.  To 
separate  the  urbia  and  ytlria,  they  nre  again  ]irecipitate<l  by  oxalic  acid. 
The  oxalates  are  converted  into  nitrates,  and  the  nitrntee  of  erbium  and 
yttrium  are  separated  by  a  series  of  frnctioual  crystallizations,  the  erbium 
suit  being  the  less  soluble  of  the  two,  and  crystallizing  out  flrst ;  but  the 
prot^ess  requires  attention  to  a  number  of  details,  which  cannot  b«  h  ~ 
described." 

Metallic  erbium  has  not  been  isolated.  Yttrium  (containing  erbium' 
was  obtaine<l  by  Berzelius,  as  a  blackish-gray  powder,  by  igniting  yttriutu 
chloride  with  potassium 

Yttrium 
atomic  wei 

pounds  to  tliuee  of  luultuiiiuui  mid  didymium  renders  it  more  probable 
that  they  are  triads,  with  the  liiglter  niouiic  weights  above  given.  In  the 
absence,  however,  ol  exact  determinations  of  the  specific  heats  of  these 
metals,  the  <iuestion  must  for  the  j>ri-»eiit  be  regarded  as  undecided. 

Krhia,  Kb,0„  obtained  by  igiiitimi  tif  erbium  nitrate  or  oxalate,  has  • 
faint  rose  color.  It  dws  not  luelt  nt  the  Btrougesl  white  heni,  bnt  aggre- 
gates to  a  sjwngy  mass,  glowing  with  un  intense  green  light,  which,  whi 
examined  by  the  apectr<>scx>p<i,  exhibits  a  amliuunun  sp<'i'trnm  interse*' 
by  a  number  of  bright  bands.  Solutions  of  erbium-salts,  on  the  ol 
hand,  give  an  aliaorption-spectrum  exhibiting  dark  bauds,  and  Ihr  pan 
of  mitximum  inlnviily  of'  Out  Uijlit  bands  in  ihr  t mission-tnrclntm  o/"  gluiriitg 
eoineide  fjaclly  in  fiosilion  uilh  the  ptiinU  of  grmlml  riurkneAn  in  thr  alitorji 
tprrtrnm.  The  position  of  these  bands  is  totally  dilferent  from  those  in 
emission  and  alworption-siwctra  of  didyiiiiuni.t 

Krbium  salts  hnve  a  rose-red  ciilor,  deeper  in  the  hydrated  than  in 
anhydruus  state;   Ihey  have  an   iicid   reaction  and  swwt  astringent  tasi 
The  «iW/iWc,  l';b,(Sn,)j.8Ar].,  forms  tight  rose-colored  crystals,  isomorph 
with  the  sulphates  of  yttrium  and  didymium. 

>'/frifi,  Y,()j,  is  a  soft,  nearly  white  powder,  which  when  ignited  glows 
with  a  pure  white  light,  and  yields  a  spectrum  not  containing  any  bright 
bands,  like  that  of  erbia.  It  dws  not  unite  directly  with  water,  but  is 
precipitated  as  a  hydr.ite  by  alkalies,  from  solutions  of  yttrium-salts.  It 
dissolves  slowly  but  couipletely  in  hydrochloric,  nitric,  and  sulphuric  aci 
forming  colorless  sohilinux,  wbirh  do  not  exhibit  an  »l*ior]itiiin-si»ect 

YtlriiuH  »ulphate,  Y,(S0,).,.8.\ii.,  forma  small  colorless  crystals. 


IteartioM  of  the.  EnrOi-mcttiU. 

X.  All  these  metals  are  precipitnteil  from  their  solutions  by  ammoniq 
sulphide,  iw  hydrates,  not  as  sulphides.     They  are  not  pre<-ipitat«d 
hydrogen  sulphide. 

2.  The  hyilrotea  of  aliiminimn  and  beryllium  are  soluble  in  raMa(Hi| 
tiuh;  those  of  the  other  enrtU-iuel;ils  nre  insnhible. 

3.  Beryllium  hydrate  di.ssolvcH  iu  n  cold  siatdratiil  solution  of  nmtmmi^ 
earhimair,  and  is  precipitated,  nscnrlniiiate,  on  lioiling.     Aluminium  hyi 
is  insoluble  in  ammonium  carlKinate  (see  further,  p.  344). 

•  .See  Witttii'ii  DIotlonsry  of  ChemUtry.  vol.  v.  ])  721. 
t  T/ie  ;>'iper  hy  Bnlir  itnil  Hiinnp^n,  nliove  referred  to,  li  Accompanied  ky  rxael 
diitgtami  of  the  erbium  and  dldyinluin  iiiectra. 


J 


HANUrACTUaK    or    OLASS. 


4.  Of  tlt<>  r«r(li-iO(-taIs  whose  hydrates  are  insolablo  in  pota«h, — namely, 
^teoninni.tliorinam,  ccrinni,  lanthanum,  didyniinm,  erbium,  and  yttrium 
^TfTtvtnitim  and  thorinnm  may  be  precipitated  as  thiosulpliatea  by  boiling 
t)  ■!  with  *niiium  ihioml/Juile,  the  other  metals  remaining  in  solution, 

I  late  when  ignited  leaves  pure  xireonia  and  thorina,  or  a  mix- 
ti  «<.. 

ii!i  and  thorinum  may  Iw  8epnral«»d  ono  from  the  other  by 
tj»,^„,  ,;,iHi  oTulatr,  whieh,  when  a<ldud  in  excess,  precipitates  the 

thotilitiMi  .;~  '  \  J.ite,  and  leaves  the  zirconium  in  s<ilution. 

(.  tVriiiiii.  liiiilianam,  and  didymiuui  are  separated  from  yttrium  and 
■rUaai  fagr  ailding  au  excess  of  jxnaamuth  tulfihatf,  which  throws  down  the 
eerinm  m«4als,  leaving  yttrium  and  erbium  in  solution  ;  to  insure  com- 
|.i  {.iLstion,  the  solulion  must  be  left  in  contact  for  some  time  with 

a  olid  [nitaasium  sulphate. 

1  riuMi  may  b<!  neparated  from  lanthanum  and  didymium,  aa  already 
<kb«ervrij.  by  treatiiijt  the  mixml  oxides  several  times  with  iiilric  iiciil  (p. 
34"  \iii.iher  methfnl  is  to  l>oil  the  mixed  oxi<lus  (the  cerium  being  in 

II  f  ceric  oxide)  with  solution  of  lut-amvioniuc.  The  lanthanum 
ai  ..mm  then  gradually  dissolve,  na  chlorides,  while  the  cerium  ro- 
-~-.i"-^  to  eerie  oxide.  A  tliinl  method  is  tu  precipitate  the  solution  of  the 
llKne  "B"t»l«  with  exotss  of  jxitash,  and  pass  rJiluriiic  in  excess  through  the 
amlMlton  and  precipitate  ;  the  cerium  is  then  separated  au  bright  yellow 
oari*  Iiy4rate,  while  the  lanthanum  and  didymium  re-dissolve  as  chlorides. 
Tlus  reaction  senres  to  detect  very  small  quantities  of  cerium  mixeil  with 
•baoUuvtwo  metals.     Cerium  is  further  distinguiKhe<l  by  the  light-yellow 

'  of  anhydrous  oeric  oxide,  and  by  the  reaction  of  its  cvimpouuds,  when 
before  the  blowpipe  with  borax  or  phosphorus  salt,  the  glass  thus 
bchig  de«p  red  while  hot,  and  U-coming  oolorliws  on  cooling. 
Didymium  is  distinguished  by  the  dark-brown  color  of  its  higher  oxide  ; 
\if  Uie  pale  ruse-oolor  which  its  salts  impart  to  a  bead  of  borax  or  plios- 
■ihiMiii  >alt ;  and  by  the  peculiar  character  of  its  absorption-spectrum  (p. 

11m  ntethods  of  separating   lanthanum  from  didymium,   and  yttrium 
>  erbiuiu — imperfect  at  the  best — have  been  already  noticed. 
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H^aurACTOBK  or  Qlabs,  1'oucrlaix,  ant)  EARTnER-wARii. 
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Olaaa. — tilass  is  a  mixture  of  various  insivliible  silicates  with  excess  of 
altogether  destitute  of  crystalline  structure;  the  simple  silicates, 
by  fusing  the  bases  with  silicic  acid  in  ui^uivalent  proportions,  very 
•AsB  erystallixe,  which  hap|iens  also  with  the  greater  numl>er  of  the 
natural  silicates  include<l  among  the  earthy  minerals.  Compounds  iden- 
tirjil  with  some  of  these  are  also  occasionally  forin<!<l  in  artificial  prcH-esses, 
wlirre  large  masses  of  molted  glassy  matter  are  suffered  to  cool  slowly. 
The  alkaline  silicates,  when  in  a  state  of  fusion,  have  the  power  of  dis- 
►  '  '   -.      luantity  of  silica. 

varieties  of  glass  are  met  with  in  commerce,  namely,  glass 

o , ,^  .         ..:ca,  alkali,  and  lime  ;  and  glass  containing  a  large  proptir- 

lioa  of  lead  silicate  :  croirn  and  /ilate  glass  belong  to  the  furmer  division  ; 
JKml  fistm,  and  the  material  of  artificial  gems,  to  the  latter.  The  lend 
pramotx*  fusibility,  and  confers  also  density  and  lustre.  Common  green 
nottlo-glass  ointaiuB  no  lead,  Iml  much  silicate  of  iron,  derived  from  the 
imput''  matifriala.  The  principle  of  the  glass  manufacture  is  very  simple, 
i^ilica,  in  the  shape  of  sand,  is  heated  witli  p<jtassium  or  sodium  carbonate, 
and  slake<l  lime  or  lead  oxide  ;  at  a  high  temperature,  fusion  and  eombi- 
Batlou  occar,  and   the  carbonic  acid   is  expelled.     (Jlauber's  s&U  uiVxtyi 
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with  charcoal  in  Hotnetinies  HubtititatM  for  soda.     When  the  molted 

hit!)  tK-conie  ])<>rf(H:tly  clear  and  frop  from  air-liul<hlm,  it  in  Ml  to  cool  uutil 

it  :i!iauuiut<  thi'  ]K-culiar  tenacioiiii  oonditiuii  pioprr  fur  working. 

Thu  opitratiou  of  fiitiiun  is  (xinducUid  in  lurgu  cruciblea  of  rffroctory  fii 
clay,  wliich  in  the  ca>>ti  of  Ivad-gljias  ure  covcn-d  by  a  dome  at  thu  top, 
hnvu  nn  opening  at  tlie  Kide,  l<y  which  tlie  materials  are  introduced, 
tlie  melteil  glass  withdrawn.     Great  care  is  exercised  in  the  choice  of 
sanrl,  wltich  must  he  quite  while  and  free  from  iron  oxiile.     Ue>l  lead, 
of  Ilio  higher  oxides,  is  [jrefern-d  to  litharge,  although   iuuueiiiat<!ly 
duced  to  monoxide   by  the  heat,  the   liberated  oxygen  serving   to  detit: 
any  combustible  nrnttex  that  might  accidentally  And  its  way  into  the  oi 
cible,  and  stain  thu  glass  by  rcMluciug  a  (lortion  of  the  lca<l.      I'utash  gi 
a  better  glass  than  soda,  although  the  latter  is  very  generally  emjdoyi 
from  its  lower   jirice.     A  certain   jiroportion  of  broken  and  naste  gluss 
the  same  kin<l  is  always  added  to  thu  other  materials. 

Articles  of  blown  gloss  are  thus  made  :  The  workman  l>egins  by  collect- 
ing  a  proper  quantity  of  soft  pa.sty  gla.ss  at  the  end  of  his  Woir/zi/M,  an  i 
tube  of  live  or  six  fi-et  in  length,  terminated  by  a  mouth-pieeu  of 
ho  then  begins  bhming,  by  which  the  lump  is  expanded  into  a  kind 
flask,  susceptible  of  having  its  form  miKlilie<l  by  the  position  in  which  it 
is  held,  anil  the  velocity  of  rotation  ujiitiuually  given  to  the  iron  tube. 
If  an  open-mouthed  vi-ssel  is  to  In-  made,  an  inm  rod,  called  a  ponlU  ~ 
pantil,  is  dipjied  into  the  glass  pot  and  applieil  to  the  liotlom  of  the  II 
to  which  it  thus  serves  as  a  handle,  the  bloHiiipe  lieing  reniovi>d  by 
ap])lic«lioii  of  a  cold  iron  to  the  neck.  The  vessel  is  then  reheated  a 
hole  left  for  the  [lurpose  in  the  wall  of  the  furnace,  the  ajiertnre  enlarg 
and  the  vessel  otherwise  altered  in  figure  by  the  aid  of  a  few  simple  lot" 
until  c<«npleted.  It  Is  then  detached,  and  carriwl  to  the  annealing  tiv 
where  it  undcrg(H>s  slow  and  gradual  erxding  during  many  hours,  the  uh- 
j eel  of  which  is  to  obviate  the  excessive  hritlleness  always  exhibited  by 
glass  which  has  bi>en  quickly  c<Kile<l.  The  large  circular  lalilej  of  crown 
glass  are  made  by  a  very  curious  proc<>ss  of  this  kind  ;  the  globular  Hank 
at  first  priKiu<*d,  transferri'<l  from  the  hluwpipe  to  the  pnntij,  is  suddenly 
m;«le  to  assume  the  form  of  a  flat  disk  by  the  centrifugal  fori'e  of  the  rapid 
rotatory  movi>ment  given  to  the  nnl.  I'late  glass  is  cast  upon  a  flat  metal 
table,  and,  after  very  careful  annealing,  ground  true  and  polishiyl  by 
suitable  machinery.  Tulies  an^  m.ide  by  rapidly  drawing  out  a  hollow 
cylinder  ;  and  from  these  a  great  variety  of  useful  small  apparatus  m.iy 
be  constructed  with  the  help  of  a  lamp  anil  blowpi])e,  or,  still  t)etler,  the 
bellows  table  of  the  iiarometer-maker.  Small  tnb<*s  may  be  l>ent  in  the 
flame  of  a  spirit-lamp  or  gas-jet,  and  cut  with  great  ejjsH  by  a  (lie,  a  Bcrnlvli 
being  made,  ami  the  two  ]s>rtions  pulU^l  or  broken  asiuider  in  a  way 
easily  learm-d  by  a  few  trials. 

Specimens  of  the  two  chief  varieties  of  gloss  gave  the  following  result 
on  analysis : — 

Bnhrmian  plate  (lau  (exoelleat), 
Silica        ....     eO.O 
Potassium  oxide       .         .     2.'>.0 
Lime        ....     12..'i 


97.5 


Eogliib  fllot 

gla... 

Silica 

*                 .                 ■ 

, 

51.93 

Potassium  oxide     . 

. 

iX 

77 

Lead 

, 

3S. 

28 

99.98  4 


The  difflcnltly  fusible  while  Bohemian  fulH>,  so  ralnable   iu   organlo 
analysis,  has  been  found  to  uontain,  in  lUU  partii^ 
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ariu    III 


t.'««iaoir 


SiUc» 72.80 

Limr,  with  trace  of  alumina         .  ,       !).ti8 

Magnesia 40 

Potassium  oxide 10.80 

Traoea  o(  manganese,  etc.,  and  losa      .  .32 

Differrat  rotors  aru  uften  communicated  to  glass  by  metallic  oxidefl. 
Tliaa,  uxuin  of  colialt  ({ivtii  di't-p  Muh:  oxide  of  manganese,  ametli^M; 
«ii{iroaa  uxidr,  ruliv-rc<d  ;  cupric  oxide,  green;  the  oxides  of  iron,  dull 
gnva  or  i>r»wn,  etc.  Tliese  are  either  added  to  the  melted  contents  of  the 
(laM-pot,  io  whieh  tliey  dissolve,  or  applied  in  a  particular  manner  to  the 
MufliOe  of  the  plate  or  other  object,  which  is  then  reheated,  until  fusion  of 
tb«  o>loring  matter  occurs :  iiuch  is  the  practice  of  enamelling  and  glasa 
ptintlug.  An  opjujue  white  ai>penrauc«  is  given  by  oxide  of  tin;  the  «na- 
bkI  of  vatrh-facH^i  is  thus  prepared. 

ToHj/JktHtd  tjluju. — When  onlinary  glass  is  heateil  till  it  begins  to  soften, 
thru  plunged  into  nu-lte<l  paraffin,  wax,  or  other  substance  melting  at  a 
nitoparaUively  low  temperature,  and  then  left  to  cool  gra<iunlly,  it  liii'omcs 
Trry  tongh,  so  that  it  may  be  struck  or  thrown  on  the  ground  »illiout 
krraking.  It  has  also  acquired  greater  power  of  resisting  hejit,  and  may 
b'  hi-ated  to  re<lneS8,  then  dipped  into  cold  water,  and  whilst  net  again 
Jirld  in  the  dame,  without  injury.  Hence  it  is  well  adapted  lor  lanip- 
aeys  and  for  culinary  vessels.  When  it  does  break,  however,  it  splits 
)  into  a  lualtitude  of  minute  angular  fragments,  indicating  a  crystalline 
•li  he  existence  of  which  is  oonfinued  by  the  appearance  of  the 

niss  in  polarized  light. 
i/.i«. — When  silica  is  melted  with  twice  its  weight  of  |>olassium 
Wtediiun  eartnnate,  and  the  product  treated  with  water,  the  greater  part 
4itMi»<»,  yielding  a  solution  from  which  acids  precipitate  gelatinous  silica. 
Tkia  is  folalJr  ylaia  or  icater  glana;  its  solution  has  been  used  for  rendering 
miullD  and  other  fabrii'S  of  cotton  or  linen  less  combustible,  for  making 
inifieial  atone,  and  pn-serving  nafunil  stones  from  decay,  and  for  a  pecu- 
liar style  of  mural  painting  called  iUreocltrOHii/.* 

PoTCelain  and  Eartben^vare.  — The  plasticity  of  natural  clays,  and 
(bnr  hardening  when  exposcil  Io  heal,  are  properties  which  suggested  in 
Ttftf  early  times  their  application  to  the  making  of  vessels  for  the  variona 
poriMMtt  of  daily  life  :  there  are  few  branches  of  industry  of  higher  anti- 
fUity  than  that  exercised  by  the  |)Otter. 
True  poroelain  is  dlstinguisheit  from  earthenware  by  very  obvious  cha- 
in porcelain  the  Ixxly  of  the  ware  is  very  compact  and  Iranslu- 
aml  lireaks  with  a  conchoidal  fracture,  »ynipt<iniatic  of  ii  commcnce- 
Bt  of  fusion.  The  glaze,  too,  applied  for  giving  a  |ii-rlectly  snuxith  sur- 
{aor,  i>  closely  adherent,  an<l,  in  fact,  graduates  by  insensible  degrees  into 
Uw  snletanc<-  of  the  borly.  In  earthenware,  on  the  inintrary,  the  fracture 
ia  opra  and  earthy,  and  the  gloie  detachable  with  greater  or  less  facility. 
The  eompiicl  and  partly  glassy  character  of  porcelain  is  the  rrault  of  the 
*linix(ure  with  the  clay  of  a  small  jiortion  of  some  substance  such  as  fel- 
r.  ora  calcic  or  alkaline  silicate,  which  is  fuhiiile  at  the  temperature  to 
■ire  is  exposed  when  baki'd  or  fired,  and  being  alworlMMi  by  the 
i.  jKirtion,  binds  the  whole  into  a  solid  mass  on  cooling.    Tln'clay 

«ji.f-.  .,  —  •"  porcelain-m.iking  is  always  directly  derived  from  decomiMised 
f»li|i«r.  lume  of  the  clays  of  the  seotindary  strata  Itoing  pure  enough  for  the 
porpo*'':  ''  must  be  white,  and  free  from  iron  oxide.  To  diminish  llie 
auetraction  which  this  sulMlauce  undergoes  in  the  lire,  a  quantity  of  finely 
divUod  silica,  carefully  prepared  by  crushing  and  grinding  calcined  Hints 

•  See  Rlohanlwin  and  Wntt't  OhraJeai  Teebnology,  vol.  I  part  Iv.  p\i.  rft-\Oi 
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or  ohort,  is  added,  logotber  with  a  proper  proportion  of  felspar  or 

fusible  matvrial,  aUo  riHluotsl  to  impalpable  powd(<r,  Thu  utmost  pnil 
are  talceu  to  clltn't  perfect  uuiforniily  of  mixture,  and  to  avoid  the  lut 
duction  of  parlieles  of  grit,  or  ollur  fnnign  lioJies.  Tlie  ware  itself  \ 
fasliinniHi  either  on  tbe  potter's  wlieel — ;i  liind  of  verlit.il  lallic — .<r  in 
mould:)  of  piaster  of  I'uris,  aud  dried  lirst  in  the  air,  aricrKurds  li_y  artifi- 
cial heat,  and  at  length  eompletely  hardened  by  exposure  to  the  tempera- 
ture of  ignition.  The  porous  biscuit  U  now  lit  to  receive  its  glaze,  whiulk 
may  Iw  either  ground  feUpar,  or  a  mixture  of  gypsum,  silica,  and  a  lit 
porcelain  clay,  dilTusinl  through  water.  The  piei'e  is  dipped  for  a  morat 
into  this  mixture,  and  withdrawn;  the  water  sinks  into  its  sulnttaiice, 
the  powder  reuiaius  evenly  spread  ujmn  its  surface ;  it  is  once  luure  dri< 
and,  lastly,  lired  at  an  exceedingly  high  temperature. 

The  porcelain-furnace  is  a  circular  structure  of  masonry,  having  sere 
flre-plai'cs,  aud  surmounted  by  a  lofty  dome.    Ury  wood  or  coal  is  eeusuK 
as  fuel,  and  its  dame  directed  into  the  interior,  and  made  to  circi  ~ 
around  aud  among  the  earthen  cases,  or  tegijart,  in  which  the  articleo  to  I 
fired  are  packiii.    Many  hours  are  re<]uire<l  for  this  operation,  which  mfl' 
be  Very  carefully  managed,      .\fter  the  lapse  of  several  days,  when 
furnaoo  h;i3  cinupletely  c<ioIed,  the  contents  are  removed  in  a  fiuisiied  i 
so  far  a^  regarits  the  ware. 

The  ornamental  part,  consisting  of  gilding  and  painting  in  enamel, 
yet  to  b«  oxecut<til ;  after  which  the  pieces  are  again  heated,  in  order  to  fl« 
the  colors.     The  operation  has  somclirae-s  to  lie  repeat<'d  more  than  oncej 
The  manufacture  of  porcelain  in  Europe  is  of  modern  origin  :  the  Chiu<j 

have  possessed  the  art  from  the  cuiumeni'enieut  of  the  seventh  ccutnr, 

and  their  ware  is,  iu  some  respects,  altogether  unequalled.  The  materials 
employed  by  them  are  known  to  be  haolin  or  deisimposwl  felspar  ;  jirjuntzt, 
or  quartz  reduciMl  to  fine  powder  ;  and  the  ashes  of  fern,  which  oont 
{Kitiuiium  carbonate. 

Siunruiire. — This  is  a  coar-ie  kind  of  porcelain,  made  from  clay  oonta^ 
ing  oxide  of  iron  and  a  little  lime,  to  which  it  owt-s  il.s  partial  'fusil.ililj 
The  glazing  is  performed  by  throwing  common  salt  into  the  heate<l  fu 
nace ;  thia  is  volatilized,  and  decomposed  by  the  joint  agency  of  the  ailil 
of  the  ware  and  of  thu  va{)or  of  water  always  priiseut ;  hydrochloric  a 
and  soda  are  produced,  the  latter  forming  a  silicate,  which  fust«  over  I 
surface  of  the  ware,  aud  giv.M  a  thin,  but  excellent  glaze. 

Kurihenwitr,-. — The  finest  kind  of  earthenware  is  made  from  a  whit«  i._ 
oiidary  day,  mixed  with  a  considerable  quantity  of  silica.     The  articlo. 
are  thoroughly  dried  and  fired  ;  after  which  they  are  dipp."d  int.i  a  rea.lil> 
fusible  glaze  mixture,  of  which  Icjid  oxide  is  usually  au  im[K>rlant  ingre- 
dient, and,  when  dry,  reheated  to  the  point  of  fusion  of  the  latter.     Tl.^ 
whole  priKVSs  is  much  easier  of  execution  than  the  making  of  por. 
and  demanils  less  care.     The  ornamental  designs  in  blue  and  other  .  ■  .1^ 
so  ivmnuon  uiM.n  plates  and  household  articles,  are  print«l  np<Mi  pajwr  ii 
uMamel   pigment  mixed  with  oil,  and  transferred,  while  still   wet,  to  tM 
iingl.ized  ware.     When  the  ink  beromes  dry,  the  paper  is  waohed  oflf,  1 
the  glazing  completed. 

The  coarser  kinds  of  earthenware  are  sometimes  covered  with  a  whitt^ 
opaque  glaze,  which  wntains  the  oxides  of  h'ttd  and  tin  ;  such  glaze  I 
very  liable  to  lie  attacked  by  acids,  and  is  dangerous  for  culinary  vessrll 
Crucibles,  when  of  giwl  quality,  are  very  v,%1nable  to  the  chemic 
They  are  made  of  clay  free  from  lime,  mixed  with  sand  or  ground  ware  0 
the  same  description.  The  Hessian  and  Cornish  crucibles  artt  among  tk 
b«Ml.  Sometimes  a  mixture  of  plundiago  and  clay  is  euiployiM  for  tt 
same  puriiosii ;  and  jiow.iered  coke  has  b.-en  also"  used  with  the  earth 
audi  crucibltm  Wnr  rapid  changes  of  temperature  with  impunity. 
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MAQNESITTM. 

Atomic  wvlghl,  lit.    SyuiLiol,  Mg. 

This  H»eial  was  formiTl.v  classed  with  the  mctitls  of  t!u>  alkalino  earttis, 
Ulch   luoro  nearly  related  to  zinc  by  its  priijHTtii*  in  llic  free 
Its  l>y  tlie  rulatility  of  its  chloride,  the  sulubilily  of  it«  siil- 
tbc  isutnorphiiim  of  several  of  ita  vonjpouudii  witli  the  aiiulo- 
ji  •! luted  compoundH  of  zinc. 

:ii  <>ccur«  iu  tlie  mineral  kingdom  as  hydrate,  carbonate,  borate, 
|>tiirniliAlc.  sulphate,  and  nitrate,  ttuuietinies  in  the  solid  Btat<-,  sometimea 
dlMulvcal  In  mineral  wal^TH :  uiagnesinii  limestone,  or  dolomite,  which 
iintuin  Duu:>i«,  13  a  carbonate  of  magnesium  and  calcium. 
•  K-4-ur»  as  silicate,  combiue<l  with  other  silicates,  in  a  vn- 
tirij  •  1  -    a«  steatite,  hornblende,  augite,  talc,  etc.  ;  also  as  alumi- 

ItMtm  it-  >ud  Zeilanite.      It  likewise  occurs  in   the  iKKlics  of  plants 

mikJ  a  :aelly  as  carbouatu  and  phosphate,  and  iu  combination  with 

i/-r  .  It.. 

^uagnmium  is  prepared  : — 
1.  iljr  ilic  eW-lrolysis  of  fused  magnesium  chloride,  or,  better,  of  a  mix- 
Ion-  •3f  4  nuileouli-d  of  magnesium  chloride  and  3  molecules  of  ]Mitassiuui 
cklaml*  wiUi  a  ijoiall  quantity  of  sal-ammoniac,     A  cjiiveiiieut  way  of 
pfTMtlnt  tliu  nyluctiou  is  to  fuse  the  mixture  iu  a  common  clay  tol>acco- 
".'juid  spirit-luiup  or  gas-burner,  the  negative  jxile  being  an 
!  up  the   pipe-stem,  and  the  posili^'e  pole  a  piece  of  gits- 
ing   the  surface  of  the  fuse<l  chlorides.     On  passing  tha 
fmt  v4  a  tmlli-ry  of  ten  Buusen's  cells  through  the  arrangement,  thu 
linru  eullects  round  the  extremity  of  the  iron  wire, 
i.   Uasne^iuui  may  Iw  prepared  in    much   larger  quantity  by  reducing 
ba<ii«4iutu  i-liliiride,  or  the  double  cbloriile  of  magnesium  and  sodium  or 
p^a/sinni,  with  ujetallic  sofliuui.     The  double  chloride  is  prepared  liy  dis- 
vl<  iiiL' iuai.'n>^iuin  cartionate  in  hydro<'hloric  acid,  ndilitig  an  e(|uivalent 
'         'Mim  or   potassium   chloride,  evajHiraling  to  dryness,  and 
i".     Tliis  prfslucl,  heated  with  Sfulium  in  a  wrought-inm 
I     metallic  magnesium,  containing  certain  impurities,  fnmi 
'.y  be  fre<>d  by  distillation.     This  process  is  now  carried  out  on 
etnring  scale,  and  thu  magnesium  is  drawn  out  into  wire  or 
■  rib&mi  for  burning.* 

.m  is  a  brilliant  metal,  almost  as  white  as  silver,  somewhat  mora 

■n  temperatures,  but  umlli-aWe  at  a  heat  a  little  below  red- 

ii-  gravity  is  1.74.     It  milts  at  a  retl  heat,  and  volatilizes 

sue  temperature  as  zinc.     It  retains  its  lustre  in  dry  air, 

it  becomes  covered  with  a  crust  of  magnesia. 

1  the  form  of  wire  or  riband  takes  fire  at  a  red  heat,  bnm- 

ine  bluish-white  light.     The  flame  of  a  candle  or  spirit- 

1  to  inflame  it,  but   to  insure  continuous  combustion,  tho 

muAl   U;  kept  in  ctiutart  with  the  flame.     For  this  purpiwe  lamps 

■I*  mmatmeXf^,  pnivirled  with   a  meihnnism  which   oontiuuully    pushes 

Alwor  nMm  raagliesitini  wires  into  a  small  spirit-flame. 

TW  BNgBMium  flkine  pnjduces  a  continuuus  spectrum,  oontaiuiug  a  very 

•  Far  ^>t«llf  of  the  mvaufncturlnc  iimceiit,  fier  1'lchanlion  ami  Watts'!  Chcml* 
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largo  proportion  of  the  more  refrangible  ray* :  lienoe  it  ia  well  adapted  i 
pUotugrapliy,  and  Iiua,  iii(lti.-<l,  iH-t-n   used  for  taking  pbotographs,  in 
absvneu  of  lliu  sun,  ur  in  j>lai'i>s  wiivre  Buulight  cannot  iK'Uetratv,  as 
caves  or  Ruliti-rrani-an  npurtuivntn. 

Magnesium  Chloride,  MgCl,. — Wlien  luagnraia,  nr  itH  carbonate,  I 
dissuKed  in  liydrocliloric  ai'id,  magnesium  chloride  and  water  are  produc 
but  when  tliis  iioluliou  in  evuporatiKl  to  dryneas,  the  Inst  |iortiuns  of  waU 
are  retained  willi  such  olutiuacy,  that  deuumpoiiition  of  the  water  is  brougH 
about  by  the  concurring  altractiona  of  magnesium  for  oxygen,  and  of  ohli 
riiie  fur  liydrogen  ;  liyJrtnliliiric  acid  i»  ejcpelled,  and  magnesia  remain 
If,  liowever,  nal-jinuu<jiiiac,  luitassium  cliloride,  or  so<liuui  chloride  is  pf 
Sent,  a  duulile  »alt  is  (uoduced,  which  is  easily  rendered  anhydrous, 
best  mode  of  preparing  tlie  chloride  is  to  divide  a  (|uantity  of  hydrochloH 
acid  into  two  equal  jxirtions,  to  neutralize  one  witli  magnesia,  and 
other  with  ammonia,  or  carl>onate  of  umnionia  :  to  mix  these  Bolotion 
evaporate  them  to  dryness,  and  tlien  ex}io8«  the  sail  to  a  red  heat  in 
loosely  oovered  porcelain  crucible.  Bal-annioniac  sublimes,  and  magnetiii 
chloride  iu  a  fusiyl  state  remains  ;  the  latter  is  poure<i  out  upon  a  cle 
stone,  and  when  cold  transferred  lo  a  well-stoppiHl  bottle. 

The  chloride  so  oblaineil  is  white  and  <  rvstnlline.     It  is  very  deliqna 
cent  and  highly  soluble  in  water,  from  which  it  cannot  again  be  rei'over 
by  cvnporiitiou,  for  the  reasons  just  menlione<l.     When   long  exposed 
the  air  in  the  melted  state,  it  is  converted  into  magnesia.     It  is  soluble  ] 
alcohol. 

Magneslam  Oxide,  or  Magneala,  MgO- — This  oxide  is  easily  pr<>pai 
by  ex|n«iiig  tl.c  iiui<jnr*ia  allm  of  pharmacy,  which  is  a  hydrocarlxmate, 
a  full  rwl  heat  in  an  earthen  or  jdalinnm  crucible.     It  forms  a  soft,  wUK 
jMjwdcr,  wliiih  slowly  attracts  nioislurc  and  cnrlKinic  acid  from  the  air. 
unites  iiuietly  with  water  to  a  hydrate  which  possesses  a  feeble  degree 
golubilitv,  reijuiring  about  SWHl  purls  of  water  at   15.fiO  C,  (6(K3  K.)  ai 
36,(KKi  i)arts  at  \W<°  C.  C2V2P  K.).     The  alkalinity  of  magnesia  can  onl; 
be  olwerved   by   placing   a  small   jKirtion   in   a  moistentxl  stale  upon  lest- 
pa|>er  :  it  neutralizes  ai'ids,  however,  in  the  must  complete  manner.     It  is 
infusible. 

Maynetium  ml/Jiiile  is  formed  by  passing  vapor  of  carbon  snlphide  OTer 
magnesia,  in  capsules  of  coke,  at  a  strong  red  heat. 


Oxyaalts  of  Magnesium. — The  sul/ihaii,  MgStl4.71I,0,  commonlj  oll( 
Epsom  salt,  occurs  in  si-a-water,  and  in  many  mineral  springs,  and  is  n( 
manufactured  in  large  quantities  by  acting  on  magnesian  limestoUH  wi 
dilute  sulphuric  aciil,  an<l  separating  the  magnesium  sulphate  from  tha 
greater  part  of  the  slightly  soluble  calcium  sulphate  by  nitration.     The 
crystals  are  derived  from  a  right  rhombic  prism;  they  are  soluble  in  an 
equal  weight  of  water  at  ii.fto  V.  (41.90  K.),  and  in  a  still  smaller  qu.intity 
at  KkOC.  (212^  K,).    The  salt  has  a  nausi^oua  bitter  ta.sle.  and,  like  many 
other  neutral  salts,  possesses  purgative  properties.     When  it  is  ex|Hised  lo 
heat,  (J  raoliH-ulea  of  water  readily  pass  olT,  the  seventh  Iwing  energeticall, 
retnine<l.     Magnesium  sulphate  forms  beautiful  double  salts  with  the  si  ' 
phates  of  potassium  and  aiiinuinium,  which  ctmtain   li  moleclues  of  cr; 
lallization-water,   their    formulav    being    MgK,(S<),)j(ill,(),    and    Mg(NH, 
(SOJjfilljO.     These  salts  are  isoniorphous,  and  form  monivlinic  crystals. 
•     (iirhouutfs. — The  imulral  rarhumUe,  Mgt'O,  or  MgO.f'O,,  occurs  nati 
in  rhombohedral  erysljils,  resembling  those  of  calc-spar,  inibeddi<d  iu  t 
Blate:  a  soft  earthy  variety  is  sometimes  met  with. 

Whi'H  niUf;iifniii  alba  i.s  dissolved  in  aqueous  carbonic  acid,  and  the 
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••v.\t^iT!\tf  -i>i>ntane>nnsiy,  «niall  jirismatir  crystals  are  <)upo- 
itwl  magii«»iimi  cart">nal<',  Mj;t'<>j.3ll,n. 
.  ultlidugh  uftvii  calltxi  carlxinau-oruiagtiosinin, 
rxaiily  ,  jl   ia  a  coiii|H)iin(l  >if  carboiiatv  with  bydrnte.     It  in 
mixing  tiot  auliitious  of  iK>tassiiiiii  or  soiliiiin  carlunatif  ami 
■  littto,  the   latter  Ix-iiijf  kept  in  i<li);ht  exoi>«B,  Imiliiij;  the 
iiteA,  during  which  time  much  CBrlK>nic  acid  i»  disengageil, 
•_m"  ■'■  ■  lireoipitate  90  producwl.     ll  the  solution  is  very  di- 

^Hgi  1.1  is  excetnliagly  light  and  bulky;  if  otherwiAe,  it  ia 

^^■ru  /      lion  of  thi^  pret^ipitate  iii  not  perfectly  couatont.     lu 

mami  cm««a  it  c<>uLaiu«  4Mg('ti,.MgH,0,.UA(|. 

Ma^^Drsla  slba  is  sliglilly  soluble  in  water,  Mpvcially  when  cold. 
JilajroKMaia  fAoip/uUf,  MgHP(),.7I{,(>,  sepaiateh  in  Mtiiull  n>lorli!ss  pris- 
■uUr  crTStald  when  solutions  of  sodium  phosphate  and  magnesium  <ul- 
|iIijU«  sre  loixad  ainl  »uiTer<-d  to  stand  for  ^unie  time.  Aciiirding  to  (irah.im, 
it  in  sotublc  iu  atiout  lOllO  parts  of  cold  water.  Mngm-sium  pliot<i>lint« 
. ...-•^  1..  t(,^  ?run  of  the  cereals,  and  can  be  detected  iu  considerable 
iH-er. 

1   and  Ammoniuin    PfioiijJlalf,  Mg(NH,)rO,.tiH,0. — ^WhpD  ammo- 

n  iiNinalo  bi  inixiil  with  a  magnesium  salt,  and  a  soluble  phiw- 

)-!  llod,  a  cryslalliiie  precipitate,  having  tli«  aliove  wmiposilion, 

ituediately   if  the  solution^!   are  conientrate<i,  ami   after  some 

y  dilute:  in   the  latter  case,  the  precipitation  is  jiromoted  by 

i'hin  salt  is  slightly  soluble  in  jiure  water,  but  nearly  insolulilo 

^d  animontacal  liquids.     When  lie!iti-.l,  it  gives  off  water  and 

and  is  oonverteii  into  imnjntsium  pi/rnphotjjltutc,  Mg,l'j(  >, : 

2Mg(Nn,)P0.  =  Mg,P,0,  +  H,0  +  2NU,. 

Al  »  ttron?  red  heat  it  fuses  to  a  white  enamel-like  ma.s9.  Magnesium 
KoJ  ainuumium  phosphatu  sumutimi.-s  formti  a  urinary  calculus,  and  occuni 
a!>"    II  guano. 

ll    i-iilysis,  ma^insiom  is  often  separated  from  solntiona  by  bringing  it 

-!  ite.     The  liquid,  free  from  alumina,  limn,  etc.,  is  mixed  with 

-phate  and  excess  of  ammonia,  and  gfiitly  licatetl  for  a  short 

[litate  is  collerteil  uism  a  lilt^jrand  fborousdily  wiisheil  with 

a  little  ammonia,  after  which  it  is  dried,  ignitisl  to  re<l- 

.„:.    1.     The  pro|>ortion  of  magnirsia  is  then  easily  calculated. 

—  The  f'dlowing  natural  txim|Kiunds   iH'hmg  to  this  class  :   f  V'ry- 

'  I,  =  2ilg0.rii0„  a  crystallized   mineral,  sometimes  employinl 

ail  purpfwejj :  a  |>ortiou  of  the  magnesia  is  ivimmonly  repla<!ed 

side,  which  communicates  a  green  color.    il/fCTH7w«m,  2MgSiO,. 

=  JMi;').3Si(l,,  is   a  soft   siHitile    mineral,  from  which   pipe-Imwls  are 
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.  =  ^MiiO.SSid,,  is  a  soft  siHitile  mineral,  from  which  pipe-Imwls  are  ^M 
\r.  T"lr,  4M';.Si(>,..SiO,.-l.\q.  (eallL-d  «(«;^Vc  when  massive),  us  a  soft,  H 
Vbttr.  •eclilf),  transparent,  or  trnnslneent  mineral,  used  as  flrestones  for 
Auaaeot  and  stoves,  and  in  thin  plates  for  glazing  lantliorns,  etc. ;  also, 
in  itkn  »l!il<'  ..f  iHiwder  for  diminishing  friction.  Sonf)altinr,  also  calhil  stea- 
■  .f  magnesium  and  aluminium  of  somewliat  variable  00m- 
../I'n*  is  a  tvmbination  of  silicate  and  hydrate  of  magm^iuni. 
JuM,  Ma  exi^odiugly  hard  stone,  brought  from  New  Zealand,  is  a  silieato 
M  mafrn<ttii iim  and  aluminium  :  its  green  color  is  due  to  chronkium.  Auyittt 
i     ■  '  ■«/«  are   (<t(8entially  double   silicates   of  magnesia  and  lime,  in 

•  magneaia  is  more  or  l«ss  replawd  by  ilji  isomorphous  siibstitiito, 


KaipMciam  *ai\a  are  iRomorphous  with  xino  salts,  ferrous  salts,  euprio 
cobalt  salts,  and   nickel  sjilM,  e/c;  ilwy  are  UBually  TOlor\es*,  utvi 
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•re  easily  reoogoized  by  the  following  cliaracters  :  A  gelatinous  white  ; 
olpitale  with  rouslic  aU-alits,  inclmling  ammonia,  inHolubU-  in  excess, 
goltible   in  solution  of  iial-anuuoiiiac.     A  ui>it<'   prccipitale  with  /mta* 
anil  sodium  carbonates,  but  none  with  aiiinioniuui  cnrboiiat<^  in  the  cold, 
whito   LTVstalliue  precipitate  with  soluble  /ilioirp/ialo  ou  the  addition  o( 
little  oiomonia. 


ZINC. 

Atomie  Wright,  lA.X    Symbol,  Zn. 


Zixc  is  a  Hotnewhst  abundant  metal :  it  it  found  in  the  Htate  of  carboi 
Bilieate  and  sulphide,  associated  with  leatl-oreii  in  many  distrieta,  both 
Britain  and  on  the  Continent  ;  large  8uppti<-t4  ore  obtaini-<l   from  Sil< 
and  from  the  lU'ighburbuiMl  of  Aaehen.     The  native  carlunate,  or  ca/at 
U  the  moiit  valuable  of  the  xiuv  ort*x,  and  is  preferred  fur  the  extraetion 
the  metal  :  it  is  llrst  rooMteil  to  expi-1  water  and  uurlKinio  auid,  then  mi 
with   fr»or|ii,^ut,a  of  coke  or  charcoal,  and  distilled  at  a  full  red  heat  in< 
bir^e  eurlhen  retort ;  carbon  monoxide  eKeap<<8,  while  the  reduced 
volutiliztMH    and    is    condensed  by  suitable    means,  generally  with    mini 
quantities  of  arsenic. 

Zinc  is  a  bluish-white  metal,  which  slowly  tarnishes  in  the  air  :    it  ht 
a  laiuelliir,  crystalline  structure,  a  density  varying  from  6.6  to  7.2,  and  is, 
under  onliiiary  circuiustuni^'S,  brittle.      Hetwecn   120^  and   liiUO  C.  (24^ 
and  3020  p.)  it  is,  on  the  contrary,  iiinlb-able,  and  may  be  rolled  or  h 
mernd  without  danger  of  fracturi! ;  and,  what  is  very  remarkable,  m 
such  treatment,  it  retains  its  niiilicubility  when  oMd  ;  the  sheet-ziuoof 
merce  is  thus  nia<le.     At   21(iO  ('.  (4M>c<  p.)  jt  is  so  brittle  that  it  may 
reduced  to  jKiwder.     At  412-  ('.  (773.(P  F.)  it  nidts  ;  at  a  bright  red  h 
it    IhiiIs    and    volatillxt*s,  and,  if  air  Iw  aihiiilli'd.  bums  with    a    spleni 
greenish    light,  generating    the  oxide.     Dilute    acids   dissolve    zinc  v 
readily :   it  is  constantly  employed  in  this  manner  for  preparing  hy(' 
gas. 

Zinc  is  a  dya'l  metal,  forming  only  one  class  of  oomponnds. 

The  chloriite,  ZnCl,,  may  lie  prepanxl  bv  lieating  metallic  zinc  in  ol 
Tine:  by  distilling  a  mixture  of  zinc-(iliii^;s  anil  corrosive  sublimate  ;  or^ 
more  easily,  by  dissolving  zinc  in  hydrochloric  acid.  It  is  a  nearly  while, 
translucent,  fusible  sulistnnce,  very  soluble  in  water  and  alcohol,  and  VKry 
deliniioscent.  A  strong  solution  nf  zinc  chloriib-  is  sometimes  used  a«  a 
bath  for  obtaining  a  graduated  heat  alwve  liHiO.  Zjnc  chloride  nnites 
with  Bol-ammoniac  and  jKvtassiuni  chloridi;  to  form  double  salts  :  the  former 
of  Ihi-se,  made  by  dissolving  zinc  in  hydrochloric  acid,  and  then  adding  on 
equivalent  <iiinntity  of  sal-ammoniau,  is  yaty  useful  in  tinning  and 
soldering  «>i>per  and  iron. 

The  oxide,  ZiiO,  is  a  strong  base,  forming  salts  isomorphous  with 
magnesium-salts.  It  is  prepared  either  by  burning  zinc  in  atmospheric 
air,  or  by  healing  the  cartionate  to  redness.  Zinc  oxide  is  a  white,  ta^te- 
h-sH  jKiwiler,  insoluble  in  water,  but  freely  dissolvwl  by  ncid.<i.  When 
heated  it  is  yellow,  but  turns  white  again  uu  cnnling.  It  is  getting  in 
use  as  a  sulistitule  fur  white  lend.  To  jireiuire  /.iiic-white  on  a  large  scall 
metallic  zinc  is  volalili/ed  in  large  earthen  nuiftles,  wbeuce  the  zinc  va 
passes  into  a  siuall  receiver  (ijn^ritr),  where  it  comes  in  contact  with  a  cur- 
rent of  air  and  is  oxidized.  The  zinc  oxide  thus  formed  posses  imnie<li- 
■tely  into  a  rondensing  chamber  divided  into  several  curaparlueuts 
cluthii  nunpifjidinl  wjtliin  it. 
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TIm  mijAalt,  ZnS0,.7H-0,  comnioiily  calU-<l  WUitt  n/nV.— Thie  salt  is 
kardlT  b>  X"  distingniahtMl  by  Uio  eye  froni  inajrtifsiuui  Hiilphste  :  it  Ih  pre- 
paral  »-illii»r  by  (liasolviiif;  thi;  iiict&l  in  dil>it<!  snljOiurio  acid,  or  more 
•cattou. ^  '  ^  niasting  the  natirt'  iiilpliido,  or  hUudf,  whii-)i,  by  absorp- 

lioa  of  .-airaes  in  great  part  c<iuviTt»cl  into  sulphate.   Thi-  altctred 

mokertu  1^  u;.ku»ii  hot  into  water,  and  the  A.ilt  obtained  by  Kvaptirating  the 
datf  •olotion.  Zino  oalphatt.-  has  oji  astringcut  luutalliv  tn-s(p,  and  is  uscA 
tm  Bcdielna  as  an  emetic.  The  crystals  dissulve  in  '2^  ]>nrts  nf  ('<il<l,  and 
ia  a  maeli  amaller  qaantity  of  hot,  water.  Crystals  »>ntainiu^  6  nmle- 
fttJrB  f>f  water  have  iH-eu  ol»erved.  Ziuu  sulpliale  furinsilDiibb' salts  with 
I'  •■•8  of  jKitaasium  and  amniouium,  namely,  ZnKj(.SO,),.(>H,0  and 

'/.  -Ojjj.tjHjU,    isuiuurphoUH   with    the   corresponding    magnesium 

TImt  «aritmalr,  ZnCO,,  is   found  native  ;   the  white  precipitate  obtained 
Iwfacliif  aolutions  of  xinc  and  of  alkaline  carlx>nates,  is  a  combination 
aod  hydrate.     When  heated  to  redness,  it  yitdds  pure  xino 


Th*  applicationa  of  metallic  zinc  to  the  purposes  of  rooflng,  the  comtruc- 
i  of  water  channels,  etc.,  are  well   known;    it   is  sufficiently  duralile, 

I  inferior  in  this  re«pe<a  to  cop(x-r.      It  is  much  used  also  for  protect  jug 

favB  and  aoti|>er  from  oxidation  when  immersed  in  saline  s<ilutions,  such 
m  •••-water,  or  exp<«<ed  to  damp  air.  This  it  does  by  forming  an  eh-olrio 
«lrcait,  in  which  it  acts  as  the  jKwitive  or  more  oxidnble  metal  (p.  2fi7). 
Masaia)*/  iron  uunaiata  of  iron  having  its  surface  coated  with  zinc. 


CADMIITM. 
Atomic  weight,  US.    Symbol,  Od. 
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TIm  milpiidf,  ZnS,  occurs  native,  as  bimde,  in  regular  tetrahedrons, 
d<i«1«i'jhr»lron«,  and  other  monouietric  forms,  and  of  various  irolors,  from 
«  I  Mow  to  brown  or  black,  according  to  its  degree  of  purity  ;  it  is 

«  ore  of   zino.     A    variety,  calKvl    tilact  jack,  occurs  somewhat 

in  Derbyshire,  Cnmlierland,  and  Cornwall.  A  liydrnlnl sulf>hate,  ^m 
obtained  wi  a  white  precipitate  on  adding  an  alkaline  sulphide  H 
k>n  of  a  line  salt.  ^1 

ZiBR  »alt«  are  dustinguiahed  by  the  following  characters  :  CauHic  [mtnth, 
BH^,  ami  anuiumin,  give  a  white  preci|>itate  of  hydrate,  freely  soluble  in 
exooBi  wf  the  alkali.  Ihtauium  and  tmlium  carltminirt  give  white  precipi- 
taf..^,  ine'duble  in  exoess.  Ammonium  earbonate  gives  also  a  white  precipi- 
1-,  h   is  redissolved  by  an  excess.     Ihtaimum  ffrTdrijanide.  gives  a 

V  i>itate.     /li/ilroym  talphitle  causes  no  change  in  zinc  solutions 

cBnuiining  tree  mineral  acids  ;  but  in  neutral  solutions,  or  with  zinc  salts 
«(  orgBBle  acids,  such  as  the  acetate,  a  white  precipitate  is  fornie<i.  Am- 
tmmimt  mjfihidr  thr<iws  down  white  sulphide  of  zinc,  insoluble  in  caostio 
alkalies.  The  formation  of  this  precipitate  in  a  solution  containing  ezoesa 
<jf  taualic  alkali,  serves  to  distinguish  zinc  from  all  other  metals. 

All  line  iv/iuiraunds,  heated  on  charcoal  with  sodium  carlwnate  in  the 

tssf-r  M'W-pipe  flame,  give  an  incrustation  of  zinc  oxide,  which  is  yellow 

»  hut  l>ec<-imt«  white  in  cooling.      If  Ibis  incrustation  be  moistiuiHl 

le  solution  of  cobalt  nitrate,  and  strongly  heated  in  the  outer 

r.  M  line  grtwn  color  is  produci-d. 


I 
i 
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T»I»  ni'^tal  was  dismvered  in  1817  by  Stromeyer,  and  by  Hermann  :  it 
B|wnle.   the  or<«  of  zinc,  especially  those  ootmrring  in  8lle»la,  aiwL, 
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being  more  Tolatilo  than  that  substanoo,  rises  fint  in  T»por  when  the  I 
Biiiinu  is  -■iubji.-ctuil  to  distillation  with  charuoal.  C'luliuiuni  nwcmble)) 
ill  ixilor,  lull  is  somi'what  li!ir<li>r  ;  it  is  very  iiialliulili-,  Usui  a  <lcu«itjrJ 
».7,  iiiells  lu'low  UCtP,  and  is  uoiirly  as  vuliitil..-  as  mercury.  It  toruui 
but  littlr  in  tlie  air,  but  burns  when  strunglv  hi-ated.  Dilute  sulpbt 
and  b.vdrocbluriu  ac'ids  act  but  little  on  caduiiuui  in  the  cold  i  nilrio  I 
is  its  bt-st  solvent. 

The  olML-rvfd  rapor-density  uf  cadmium  is  3.94  compared  with 
•it!. 3  uonijinri^l  with  liydrogun,  whicli  lattor  number  does  not  differ  gr 
from  the  half  of  112,  the  atomic  weight  of  the  mutal  :    hence  it  app 
that  the  atom  of  cadmium  in  the  stat«of  vapor  ovcupi«)8  twice  the  sp 
ftU  atom  of  bydroj;!  II  (ji.  22S). 

Cadmium,  like  ziiu-,  is  ilyailic,  and  fonus  but  one  series  of  oonipoui 
The  oxide,  Cdi>,  may  be  prepared  by  igniting  either  the  carbonate  or  I 
nitrate  :   in  the  foruuT  case  it  has  a  pale-brown  color,  and  iu  the  tatb 
much  darker  tint,  and  forms  outohedral  microscopic  crystals.     Cadmij 
oxide  is  infusible:    it  dii^solves  in   acids,  producing  a  serii-s  of  oolu 
salts :  it  attracts  oarliouic  acid  from  the  air,  and  turns  wliite.     The 
phiilt,  CdS0,.4li,0,  is  easily  obtain>-d  by  dissolving  the  oxide  or  carb 
in  dilate  suljiluiric  acid  :    it  is  very  soluble  in  water,  and   forms 
salts  witli   the  sulphates  of  potassium  and  ammonium,  which  contaisj 
spcctively  Cdf4(riU,),.(;H,t>and  Cd(NH4).(SO,)j.t>ll,t>.    Tlie  c>./oria/,  Cd 
is  a  very  soluble  salt,  cryslnllizing  in  small  four-sided  prisms.     The  ( 
phiile,  CdS,  is  a  very  characteristic  compound,  of  a  bright  yellow   coti 
forming  miuroeoopiu  crystals,  fusible  at  a  high  temperature.     It  is  obt 
by  passing  sulphuretted  hydrogen  gas  through  a  solution  of  the  snlpfa 
nitrate,  or  chloride.     This  compound  is  nst^  as  a  yellow  pigment,  of  gq 
beauty  and  permanence.     It  occurs  native  as  greawddte. 


Fixed  eanstic  alkalit-t  give  with  cadmium  salts  a  white  precipitatai 
liydraled  oxide,  insoluble  in  excess.     Aminuiiiu  gives  a  similar  white  pr 
pitate,  readily  soluble  in  excess.     t\\e  ji^al  nlhiline  airbonuleji,  and  arait 
carbofuite,  throw  down  wliite  cadmium  oarlxinnte,    insoluble  in  cxccu 
either  [irecipitant.     JJi/<lro<frn  mdpliitie  and  ammonium  tidjihide  precipitate  I 
yellow  sulphide  of  cadmium. 


GROUP    III. 


COPPER. 

AtomlD  weight,  ea.4.    Symbol,  Uu  (Oupram). 

CoppRR  Is  a  metal  of  great  value  in  the  arts  :  it  sometimes  occnr*  in  the 
metallic  state,  crystallize<l  in  octohetlrons,  or  more  frequently  in  dodeca- 
hedrons, but  is  mure  abundant  in  the  form  of  red  oxide,  and  in  that  of 
salphide  otnnbiued  with  sulphide  of  iron,  as  tfrllow  cnp/ier  ort  or  ca/ipfr 
pi/ritu*.  Large  quantities  of  the  latter  snlistanee  are  annually  obluineil 
from  the  Cornish  mines,  and  lukeii  to  South  \Vab?8  for  reduction,  which  f 
ellwled  by  a  soiiiewliat  complex  process.  The  principle  of  this  may,  hi 
oTer,  be  easily  made  intelligible.  The  ore  is  roasted  iu  a  rcverbera 
/ur/jiiw,  bjr  which  much  of   the  iron  sulphide  is  converted  intu  oxide. 
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•  j)ppr  snlpUi'ie  remains  nnalterwl.     The  product  of  lliis  o]M'- 

-    then  strongly  heated  with  silicious  Band  ;    the  lattflr  oombin.es 

irriQ  oxide  to  a  fusible  tlag,  and  separates  from  the  heavier  oop- 

i.     When  the  iron  has,  by  a  repetition  of  these  processes, 

r,  the  oopi>er  sulphide  begins  to  deuompose  in  the  llaiiie-fur- 

Satv.  Uteiu^  Its  sulphur  and  abiiorbing  oxygen  ;    the  temperature  is  thou 

imteod  anlfcri^ntly  to  reduce  the  oxide  thus  prodUMHl,  by  tlie  aid  of  carbo- 

tammnm  taAlUrr.     The  last  part  of  the  ojiemtion  eunsists  in  thrusting  into 

Ike  aclted  tnetal  a  pole  uf  birch-wood,  the  object  of  which  is  probably  to 

raluur  a  Utile  remaining  oxide  by  the  combustible  gases  thus  generated. 

.entities  of  extremely  raluable  ore,  ehjctly  carljouute  and  rod  oxide, 

■■\r  bef-n  obtaine<l  from  South  Australia  and  (.'hile. 

I  -  a  weU-kuuirn  yellowish-red  color,  a  specific  gravity  of  6.96, 

attJ  malleable  and  ductile:    it  is  an  excellent  conductor  of  heat 

i:.  i  ;ty  :    it   melts  at  a  bright  red  hejit,  and  seems  to  be  slightly 

■.      .1,;  ■    .1  ;i  very  high  temperature.     Copper  undergofs  no  change  in  djy 

iif      '  »!'  --1   to  a  moist  alniosphere,  it    becomes  covered  with   a  strongly 

aJ.l.i  ••    .■   ur.  .-n  crust,  c<in»i*tiug  in  a  great  measure  of  carlmnate.     Heated 

l'>  f'  •      1  the  air,  it  is  ijuickly  oxidiznl,  beojmiug  covered  with  a  black 

•!.  ■.-  sulphuric  and  hydrochloric  acids  scarcely  act  upon  copper ; 

i>    .  :   vitriol  attacks  it,  with  evolution  of  .sulphurous  oxide  ;  nitrio 

M^iit,  «k'cu  dilute.  dis.iolves  it  rea<lily,  with  evolution  of  nitrogen  dioxide. 

CoMCT.  in  its  most  stable  eomiMMindg,  the  cupric    com)xiunds,  is  biva- 
l«at,  ill-  iinds   i-nntainiug   1   atom  of  the  metal    combined  with  2 

ataoa  <•'  nt,  or  1  atom  of  a  bivalent  negative  radicle,  e.  g.,  ("tiClj, 

Co"    '  ...  '  u^'(),,  etc.     It  also  fonn.s  another  series,  the    cuprous 

oil.  11  which  it  may  lie  regarded  as  univalent,  r.y.,  ('\i('\,  Cn,0, 

»♦•  .  . ''r  iu  the  argentic  comjiounds.    On  tbeother  hand,  thecuprous 

nmpouuds  may  be  sup|K>s<ed   t<i  be  formed   by  addition  of  copper  to  the 
eaprie  onmpuunda,  the  metal  still  remaining  bivalent,  thus,  cuprous  cblu- 

fuCl  fii 

M*.  COfCl, «»   I  ;   cuprous   oxide,    Ca,0  ^   I     ^>''>.      These    com- 

t^uCl  Cu^ 

»r>r  Very  unstable,  being  easily  converted  into  cupric  compounds 
the  action  uf  oxidizing  agents. 


Copper  Chlorides. — Cupric  rhlmide,  CuCl,,  is  most  easily  prepared  by 

ujr  cnprio  oxide  In  hydrochloric  acid,  and  concentrating  the  green 

:  thencp  resulting.   It  forms  green  cryctals,  CuCI,.2n,0,  very  soluble 

lilt  in  alcohol  :    it   ooloni   the  flame  of  the  latter  green.     When 

ii-'l,  it  parts  with  its  wat*r  of  cryslallizaHon  ami   Iwcomes  yel- 

»»  riwii  ;  at  a  high   temperature,  it  loses  half  its  chlorine,  and   l>c- 

wi L.TtiHl  into  euproat  chloride.     The  latter  is  a  white,  fusible  sub- 

'i:  '  '  little  soluble  in  water,  and  prone  to  oxidation:  it  is  formed 
:  -rilings  or  copper-leaf  are  put  into  chlorine  gas  ;  also,  by  pre- 
-'ilution  of  cupric  chloride  or  other  cupric  salt  with  staniioos 


aCuCl,  +  SnCl,  =  Cu,CI,  +  SnCl.. 

4  plats  of  copp4sr  immersed  in  hydrochloric  acid  in  a  vessel  containing 
with  white  tetrahedrons  of  cuprous  chloride.     This 
in   hydrochloric   acid,  forming  a  colorli>»s    solution, 
I  turns  blue  on  exposure  to  the  air. 
X  k^!  ttTi/rtJiiriilf ,  CuClj.SCuHjO,,  occurs  native  as  aincamile. 

Botii  "  :  >>•«  of  copper  form  double  salts  with  the  chlorides  of  the 

alkali -•■wtaia. 
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Cnprooa  Hydride,  Cu,!!.. — When  a  solution  of  cnpric  salphatr  ' 
heat«d  to  about  "HO,  with  hyjKiphosphorous  ncid,  this  a>inpoun<l  * 
posited  as  a  yellow  precipitate,  » liiuh  soon  turiia  rtHl-brown.  It  give*  i 
liyilrogun  when  heated,  taken  fire  iu  chlorine  gas,  and  is  c«)nverle<l 
h^'drocliloric  add  iutu  vuprous  chloride,  with  evolution  of  a  double  qaa 
til>'  of  hydrogen,  the  acid  giving  up  its  hydrogen  aa  weil  as  the  oopjl 
hydride : — 

Cu,}lj  +  2HCI  =  CUjCl,  +  2U,. 

This  reaction  affords  a  remarkable  instance  of  the  union  of  two  atoms  4 
the  same  element  to  form  a  molecule  (see  page  234). 

Copper  Ozidea. — ^Two  oxides  of  copper  are  known,  corresponding  w 
the  cliloridi-s  ;  and  a  very  unstable  dioxide  or  jwroxide,  Cut>„  is  said  to 
formed,  as  a  yellowish-brown  powder,  by  llie  action  of  hydrogen  dio; 
on  cupric  hydrate. 

Co/iptr   Munuxiilr,  Cu/irir    Oxide,  or   lilaek  Oride.  of  Copjirr,  CnO,  is  pi 
pared  by  calcining  uielullic  copper  at  !i  red  heat,  with  full  exjKvsure  to 
or,  more  couveiucully,  by  ln-ating  the  nitrate  to  rwlucss,  which  then  suffi 
complete  dectimiHwitioii.     Cupric  salts  mixed  with  caustic  alkali  in  ex< 
yield  a  bulky  pale-blue   pr«-cipitate  of  hydrati-d  cupric  oxide,  or  cu 
hydrate,  Culljtl,  or  ('uO.H,0,  which,  when  the  whole  is  raised  to  the  " 
ing  iKiiiit,  becomes  converted  into  a  heavy  dark-brown  powder  :   tltis 
is  anhydrous  oxide  of  cnjipi-r,  the  hydrate  suffering  ilecomposition,  evi 
in  contact  with  water.     The  oxide  prepared  at  a  high  temperature  is 
feotly  black  and  very  dense.     Cupric  oxide  is  soluUe  in  acids,  aud  U 
a  serii'S  of  very  important  saltii,  i&omorphous  with  magnesium  salts. 

Cupntwi  OxifJf,  CUjjO,  also  cnlK-d  Jieti  Oxide  .ind  Huttuxide  of  Cu/if» r.-^~T\ 
oxide  may  be  obtained  by  beating  in  a  covered  crucible  a  mixture  of 
parts  of  black  oxide  and  4  parts  of  fine  copper  filings ;  or  by  adding  graj^ 
sugar  to  a  solution  of  cupric  sulphate,  and  then  putting  in  an  excess  of 
oauatic  potash  ;  the  blue  si'lution,  heated  to  ebullition,  is  reduced  by  th« 
sugar,  ami  deposits  cuprous  oxide.  This  oxide  often  occurs  in  beautiful 
transparent  ruby-red  crystals,  asaociattHl  with  other  ores  of  cop]H-r,  and 
can  be  obtained  in  the  same  state  by  artificial  means.  It  c<imniuuicat<-s  to 
gl.iss  a  maguillcent  red  tint,  while  that  given  by  cupric  oxide  is  green. 

Cuprous  oxide  dissolves  in  exc<^8S  of  hydrochloric  acid,  forming  a  soln- 
tion  of  cuprous  chloride,  from  which  tlinl  compound  is  precipitat^-d  on  dilu» 
tion  with  water.  Most  oxygen  aci<ls,  n.inu'ly,  sulphuric,  phosphoric,  acetic, 
oxalic,  tartaric,  and  citric  acids,  decompose  cuprous  oxide,  forming  ruprie 
salts,  and  separating  metallic  copper  ;  nitric  acid  converts  it  into  cuprio 
nitrate.  Hence,  there  are  but  few  cuprous  oxygen-salts,  none,  indeed, 
exi*pting  the  sulphites,  aud  certain  double  nulpliilcs  formed  by  mixing 
cupric  solution  with  the  sulphite  of  an  nlknli-metal,  e.  y.,  ammoiiio> 
enprous  sulphite,  Cu(NH,)SO„  or  Cu,(NH,),(t«0,),. 


10 

^1 


Cupric  Oxysalta. — The  tu/phale,  CuSOj.5H,0,  commonly  chilled  hlui 
riiritit,  is  prcpar.d  by  dissolving  cuprio  oxide  in  sulphuric  acid,  or,  at  less 
expense,  by  oxidizing  the  sulphide.  It  forms  large  blue  tridinic  prisms, 
soluble  iu  four  parts  of  cold  aud  two  parta  of  boiling  water  ;  when  healed 
to  KHtOit  readily  Uwes  four  molecules  of  cryslalliialion-water,  but  the  liflh 
is  retained  with  great  pertinacity,  and  is  expelled  only  at  a  low  red  heat. 
At  a  very  high  teniptr.'tlure,  cupric  sulphate  is  entirely  converted  into 
cupric  oxide,  with  rvolutiou  of  sulphurous  oxide  and  oxygen.  Cnpric 
sulphate  coml)ines  with  the  sulphates  of  potassium  and  of  ammoniuraj_ 
farming  pale-blue  salts,  CuK,(SO,),.t!lI,0  and  Cu(NlI,),(S0,),.6H,0,  i 
tuurpUoua  vritli  tlia  oorrusponiling  ux&gaesium  salts. 
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O^rir  Sitr^t,  Ca(N0,),.3ir,0,  is  casity  nuulo  b/  dissolving  the  metal  i 
ul ;   it  fonus  de«.'p  blue  crystals,  verjr  soluble  and  deliquescent. 
ooiTcaive.     An  insoluble  basic  nitrate  is  known  ;  it  is  green. 
.  .,•  rw    .     -i-    ..      — Wlieii  rHjdiuni  carbonate  is  odiled  iu  exct«9  to  a  solu- 
:,  the  precipitate  is  at  first  pale-blue  and  lloeculent, 
"Uics  sand.v,  and  assoines  a  greeu  tint ;  in  tbis  state  it 
'  alL,0, 4-Aq.     This  substance  is  prepared  as  a  pigment, 
luerai  auilachile  has  a  similar  composition,  but  contains  no 
of  cryslAlIization,   its  com]>o8ition  being  CuCOj.CuIljO,.     Another  ( 
■■mill   fxonpouud,  called  azuriif,  nut  yet  artificially  imitated,  ocvnrs  iu 
!■»•  traDspaj'eat  crystals  of  the  most  intense  blue :    it  contains  2CuC0,. 
OafljO^      VardilfT,  made  by  decom|>using  cupric  nitrate  with  chalk,  is  saiil, 
homtiwtrT,  to  have  a  somewhat  similar  composition. 

U^rir  Ar.*riiiie  is  a  bri^'ht  green  iiiBi)luliK<  powder,  prepared  by  mixing 
thm  solotioiu  uf  a  cupric  salt  with  an  alkaline  arsenite. 

C^errmM  ScLPntOKi.— There  are  two  well-defined  copper  sulphides,  aiialo- 
ym  in  onm{K«ition  to  the  oxi<l<-s,  ami  four  others,  containing  larger  pro- 
|u>taun«  of  sulphur,  but  of  less  defined  constitution  ;  IUvsk  latter  are  pre- 
c.    "    '     '  '  "tn  solutions  of  cupriu  salts  by  potassium  pentasulpbide. 

ilfJiiJe,  t'uS,  occurs  native  ax  imiii/o  copjxr  or  corelliii,  in  soft 
li.  .,,.,  .  ....  k  i.-'rj 'f.nal  plates  and  liplierojilal  musses,  and  is  produced 
ariilicially  i  .iting  cupric  salts  with  hydrogen  sulphiite. 

Cmfiruui  ■••    ,  I  jd,  occurs  native  as  OT/i/><T-i;/an/-<!  or  r«/rut/ii'/e,  in  lead- 

ers/ bifxagtmal  prisms,  lielonging  to  the  rhombic  system  ;  it  is   produnrd 
arti^iaily  by  the  combustion  of  copper-foil  in  sulphur  vapor,  by  igniting 
esprio  mdde  with  sulphur,  and   by  other  methods.     It  is  a  [Hiwerful  sul- 
phor-lMae,  onitin;::  with  the  sulphides  of  antimony,  arsenic,  and  bosmutli, 
to  tow  several    natural   minerals.     The  several  varieties  of  fahl-ore,  or 
iatlllimllili  .  consist  of  cuprous  sulphantimonite  or  sulpliaraenite,  in  wUicli 
!>>..  ...,r.>...r  {«  more  or  less  replaced   by  equivalent  quantities  of  iron,  zinc, 
loercury.     The  important  ore,  called  copper-pi/ritcs,  is  a  cuproso- 
liido,  Ca'Fe'"S,  or  CUjd.FCjSj,  occurring  in  tetrahedral  crystals 
«i  ibc  <4iiatlratic  system,  or  in  irregular  masses.    Another  species  of  copjH'r 
cad  Ifon  sulphide,  containing  various  proportions  of  the  two  metals,  occurs 
eativr,  as  purple  copper  or  erubeteite,  iu  cubes,  octohodrons,  and  other  mono- 
BKHric  forms. 


I 


Ammoniacal  Copper-componiids. — The  chlorides,  snlplmte,  ni- 
trau-,  anil  other  suits  of  i<ip|MT,  unite  with  one  or  uiuie  itmlcculi's  of  am- 
iixuia,  forming,  for  the  miwt  part,  crystalline  com{iounils  of  blue  or  greeu 
ec'lor,  »ome  of  which  may  l>e  regarded  u  salts  of  metallaminoniums  (p. 
Thus  cupric  chloride  fonoa  with  anmionia,  the  conii>ounds,  2NI1,. 
bCI^  4NH,.CuC1^  and  UiN Hj.C'uCl,,  the  first  of  which  may  be  formulatiHl 
'  mafn-tUammomiumcUoriJe,  (N,H,Cu")<'li.  Cupric  sulphate  forms,  in  like 
~*~Tr.  aifinhJiamH>onium  mlithale.  (N,II,Cu")^(^«,  which  is  a  deep  blue 
emialtine  tail.  Cuprous  iodide  forms  with  ammonia  the  compound, 
•»SU,.Cu,I,. 


CvKlOiB  BoUuk  gives  with  cupric  salts  a  pale  blue  precipitate  of  cnprio 
kydrate,  changing  to  blackish-brown  anhydrous  oxide  on  boiling. — Am- 
^omia  also  thniws  down  tlie  hydrate  ;  but,  when  in  excess,  redissolves  it, 
yblding  ■  deep  purplish-blue  solution. — Fhtustium  and  sodium  carbonate* 
(IT*  pile  blue  precipitates  of  cupric  carbonate,  insoluble  iu  excess. — Am- 
mtmntm  cmionalf  the  .«ame,  but  soluble  with  deep  blue  color. — Ihtasfium 
/mtmjaiude  gives  •  fine  red-brown   precipitate  of  cupric  ferrocyanide.— 


I 
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ffifilngim  ndjihiile  and  atamnnium  tulfiliiiJe  offonl  black  ouprla  sttlpUUc,  I 
soluble  ia  ammonium  sulphido. 


The  allo\-B  of  popi«'r  nro  of  great  inijMirtanw.     Brau  «in»isl»  of  n>i 
alloyed  with  from  2iS  to  34  percent,  of  rino;  lli«?  lattorraay  Iki  a.i't-'  ■'■ 
to  the  melted  copper,  or  granulat«l  eopp«^r  may  ho  li«ati-d  » 
and    shnrooal-powder,   ««   in   the  old   prorea«.      (Jun-mrtnl,  a  n 
alloy,  poiisisLs  of  90  parts  wpi^r  and  W  tin.     IMI  and  xpfcHlmn  i 
lain  a  Blill  larger  proportion  of  tiu  ;    these  are  brittle,  e«pe<Hfilly  ' 
named.     A  ^xi  bronzu  for  statues  is  made  of  91  parts  •' 
6   parts  xinc,  and    1   part   lead.     The  tniM  or  (ironx«  of  i 
alloy  of  copper  with  tiu,  often  also  oontaining  lead,  and 


MERCUHY. 

Atomlo  weight,  I'M).    Symbol,  Hg  (Hydrargyrum). 

Tins  very    reraarknhlo    metal,    sometimes    chINmI    ifiiirttilrrr.    baa 
known  from  e.trly  times,  and  p<.>rha|K4  morn  than  all  others  baa  axi 
the  attention  and  vuriosity  of  experimenters,   hy   reatmii  if  ii.i    fNinill 
physiral  propertiia.      Mercury  is  of  great   iin|>f>r(anee  at 

arts,  and  enters  into  the  composition  of  many  valuable  u  <. 

Metallic   mercury  is   oceasionalty  met   with    iu   globuU^i 
through    the    native  sulphl<ie,   which   is  the   ordinary  nr»>. 
substance,  sometimes  culled  rinnnliar,  is  found  iu  cuuiiich 
several   localities,  of  which  the  most  cel('bratL'<l  are  .M 
and   Idria  in    Austria.     Ouly    recently   it   h,is   lN><>n   di- 
abundanee,  aiul  of  remarkable  purity,  in  California  an  ! 
metal  is  obtained  by  heating  tho  sulphide  In  an  iron  f  ■ 
scraps  of  iron,  or  by  roasting  it  in  a  furnace,  and  ixuidui^ting  the  va; 
into  a  largo  chamlH-r,  where  tho   mercury   i«  i>ind<'«»ed,  while  th« 
pharvus  acid  is  allowed  to  esva]>e.      Mercury  is  importiyl  inttt  lliia    ~ 
iu  bottles  of  bnniniered  iron,  eontnining  sevenly-llve  poumbi 
a  Btato  of  conslileralile  puiily.     When  purclia<i>'il  in  snii" 
is  sometimes   fouud  aiiulteratiH)  with   tin  and  lead,  wl.^ 
solves  to  some  extent  without  much  loss  of  floii'"-      '■" 
b«  known  by  the  foul  .'urface  the  mercury  • 
bottle    containing  air,  and   by  the  gUdMib«,  » 
table,  leaving  a  tr.-iin  or  tall. 

Mercury  has  a   nearly  sllver.whlte  color,  and  a  Tory  high  decree 
lustre:  it  is  liquid  at  all  ordinary  temiieraturca,  and  «i>l< 
coob<4  to  — KK3.     In  this  st^te  it  ih  soft  and  m.illeable. 
P.)   it  boils,  and  yields  a  transparent,  colorless  vapor,  !•!  g^-m 
The  metal  volatilizes,  however,  to  a  nenviblr  extent  at  all   tnu 

above  10'3  or  2P  C.  (lili.^O  or  (iO.fO  K.)  ;   below  ll'i-  ■■■  ■ •  ■  ■ 

imperw^ptible.      The  volatility  of   mercury  at  the 

relanbxl  by  the   pnwence   of  minute   ([uantltles    ■ 

speeUlc  gravity  of  mercury  at  ir...'iO  C.  (0(0  K.)  is    l.i.;.U;  tliat 

m<^ruury  about  1^  great  contraction  taking  placu  in  the  act  of 

tk>n. 

Par«  mercury  li  qnlut  tina1t«rab1<t  <n  Ui«  air  at  eummon  tvmpenuu 
lull  when  heated  to  near  U»  boiling  jHiint,  It  slowly  alworlw  . 
bi\.fiimi»  Fuiiv(>rt«(l  lt>toacryslalIiniidark-rrii  jiowder,  which  i 
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At  m  doll  red  heat  this  oxide  is  again  decomposed  into  its  con-  * 

■titocBts.     Uvdrocbloric  acid  lias  little  or  no  action  on  mercury,  and  Iho 

»jr  be  aaid  of  sulphuric  acid  in  a  diluted  state  :  when  llie  latter  ia 

itrattfi  and  boiling  liot,  it  oxidizes  the  metal,   converting  it  into 

ie  sulphate,  wilh  evolution  of  sulphurous  oxide.     Nitric  acid,  even 

4Qat*  azwl  in  Uieoiold,  dissolves  mercury  freely,  nith  evolution  of  nitrogen 

Tli«  obaerred  rapor-density  of  mercury  referred  to  air  as  unity  is  C.7 ; 
thia  referred  to  hydrogen  is  nearly  lUO  ;*  that  is  to  say,  half  the  atomic 
weight  of  the  metal :  couaequenlly  the  atom  of  mercury,  like  that  of 
ritmrnni,  occupies  in  the  gaseous  state  twice  the  volume  of  aji  atom  of 
hydrogen  (see  page  228). 

liiiKiiiij  forms  two  series  of  compounds,  namely,  the  mercnric  com- 
yaaads,  in  which  it  is  bivalent,  as  Hg(°I.„  IlgO,  llgSt),,  etc.,  and  the 
■aerearons  compounds,  in  which  it  is  apparently  univalent,  ns 
tigf\'l,,  H^jt),  etc.  These  compounds  are  analogoii>;  in  eonstitution  to  the 
eapric  and  cuprous  compounds  ;  an<l  the  mercuroiis  ccinijioujifls,  like  thu 
lastier,  are  easily  converted  into  mercuric  compounds  by  the  action  of 
axidiziag  agents,  which  remove  one  atom  of  mercury  ;  but  they  are,  on 
the  wbole,  much  more  stable  tlian  the  cuprous  compounds. 

Steretiry  Chlorides. — Mermric  chloride,  HgCl,,  commonly  called  for- 
fOMW  .StMimalr. — This  compound  may  be  obtained  by  several  ditl'erent 
pmai*amr»  :  (1)  When  metallic  mercury  is  heated  in  chlorine  gas,  it  takes 
Sr«  aad  burns,  producing  this  substance.  (2)  It  may  be  mude  by  dis- 
aairisg  mercuric  oxide  in  hot  hydrochloric  acid,  crystals  of  corrosive  sub- 
Itfi^-  |Im<d  separating  on  cooling.  (3)  Or,  more  ec<momieally,  by  sub- 
Untsg  a  mixture  of  (.Hiual  parts  of  mer<.'nric  sulphate  and  dry  common 
■■It:  ^ad  this  is  the  plan  generally  followed.  The  decomposition  is 
TOyrMtntwt  by  the  equation : — 

HgSO,  +  2NaCl  =  HgH,  +  NaSO, . 

SoWmed  mercnric  chloride  forms  a  white  transporenl  crystalline  mass, 
«r  sm^flc  gravity  5.43;  it  melts  at  2«5'^  C.  (MiU'^V.),  boils  at  295°  C. 
(fisi^  p.),  and  volalilixes  somewhat  more  easily  than  calomel,  even  at 
•rdiB^ry  lemprraturcs.  Its  observed  vapor-density,  refcrriol  to  hydrogen 
M  mity,  is  140:  and  the  density  calculated  from  the  formula  llgC'l,,  sup- 
that  the  molecule  occupies  the  same  space  as  a  molecule  or  two 

200  -f.  2  X  SS-S 
I  of  hydrogen,  p.  228,  is   — — o ^  135.5  ;    the  near  agree- 

mmt  of  this  number  with  the  observed  result  shows  that  the  vapor  is  in 
Ihz  nor-'i"'  -^itf"  of  condensation. 

Mil  ride  dissolves  in    16  parts  of  cold  and  3  ports  of  boiling 

,t«T,  -t.iUiios  from  a  hot  solution  in  long  white  prisms.     Alcohol 

■id  aUur  >bo  dissolve  it  with  facility  ;  the  latter  even  withdraws  it  from 
•  v»t«7  Rolntion. 

Mercnric  chloride  combines  with  a  great  number  of  other  metallic  chlo- 
llda*.  (orming  a  series  of  Ijeautifnl  double  salts,  of  which  the  ancient  Kit 
tia^i mt  may  tie  taken  as  a  g<»d  example:  it  mntains  llgCU.2NH,Cl.U,0. 
Cbnatire  sublimate  alisnrbs  ammoniacal  gas  with  great  avidity,  generating 
(hvataponnd  HgCl,.NU,. 

HmichuIc  chloride  forms  several  oomponnds  with  mercuric  oxide.  These 
at*  prodttowl  by  several  prooessoi,  as  when  an  alkaline  cnr)x>nate  is  added 
in  vuTing  proportions  to  a  solution  of  merourio  chloride.     They  differ 
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grotttly  in  color  and   physical  cUaraotcr,  and  are  mostly  decomposed 
watiT. 

Morourio  chloride  forms  iuaolublc  compoun'U  with  ranny  of  the  aint 
orgajiic  principles,  as  albumin,  etc.     It  is  perhaps  to  this  property  tliat 
strong  antiseptic  properties  aro  due.     Animal  and  vegetable  sut»ta 
are  preserved  t>y  it  from  decay,  a»  in  Kyan's  method  of  preserving 
and  cordage.    Albumin  is  on  this  account  au  excellent  antidote  to  oori 
sublimate  in  cn.ses  of  poisoning. 

MiTcurous  Cliloride,  llg]f'lj,  commonly  called  Calomel.   This  very  impoi 
substance  may  be  easily  and  well  prepare<l  by  jxmring  a  solution  of 
ourouB  nitr.ite  into  a  large  excess  of  dilute  soliiliun  of  common  salt.     R 
falls  as  a  dense  white  precipitate,  quite  insoluble  in  water;  it  must  b* 
thoroughly  washed  with   lM)iling  distilled  water,  and  dried.     Calomel 
however,  generally  i>rocureil  by  another  and  more  complex  process, 
mercuric  sulphate  is  rubbed  in  a  mortar  with  as  much  metallic  men 
as  it  already  i-untfiins,  and  a  quantity  of  common  salt,  until  the  globo 
disappt^ar,  and  an  uniform  mixture  has  b<*en  produced.     This  is  subjeoi 
to  sublimation,  and  tho  vajjor  of  the  calomel,  Iwing  carried  into  an  ati 
sphere  of  steam,  or  into  a  chamber  containing  air,  is  thus  condensed  in 
minutely  divided  state,  ami  tho  laborious  process  of  pulverization  of 
sublimed  mass  is  avoided.     The  reaction  is  thus  explained : 

HgSO,  +  Ilg  4-  2NaCl  =  Ug,Cl,  +  Na^.. 

Pure  calomel  is  a  heavy,  white,  insoluble  tn.steless  powder :  it  rises  I 
vapor  at  a  temperature  Inflow  redness,  and  is  obtaine<l  by  ordinary  sub 
mation  as  a  yellowish-white  crystalline  mass.     It  is  as  insoluble  in  < 
dilute  nitric  acid  as  silver  chloride  ;  boiling-hot  strong  nitric  acid  oxidia 
and  dissolves  it.     Oaluuu'l   is  instantly  dM-omiiosed  by  au  alkali,  or 
lime-water,  with  produetinn  of  murcurous  oxide.     It  is  sometimes  apt  | 
contain  a  little  mercuric  c4iloride,  which  would  be  a  very  dangerous 
lamination  in  ealomel  employed  for  mtnlical  pur]>oses.     This  is  easily  dl| 
covered   by  Iwiling   with  water,  filtering  the  liquid,  and  adding  cauaH 
potash.     Any  cirrosivu  sublimate  is  indicated  by  a  yellow  precipitate. 

The  observed  vai)or-density  of  calomel  referred  to  hydrogen  as  unity,  I 
11B.2.     Now  the  formula  HgjC'L,  if  it  represents  a  molecule  occupying  1 
the  gaseous  state  two  volumes  (i.  r.,  twice  the  volume  of  an  atom  of  hyilro- 
g»n,  p.  228),  would  give  a  density  nearly  double  of  this  :  for  _ 

400-f  exsa..")  ■ 

^2'^ ="  235.5.  ' 

Hence  it  might  be  inferred  that  the  composition  of  calomel  shonid  rather 
bo  represented  by  the  simpler  formula  llgCl,  which  would  give  for  the 
vapor-density  the  numlx-r  117.75.  The  frequent  decomposition  of  mercur- 
008  salts  into  mercuric  suits  aud  free  mercury  is  however  in  favor  of  the 
supposition  that  their  molecules  contain  two  atoms  of  mercury  :  and  the 
anomaly  in  the  vajwir-volume  of  calomel  may  be  explained  by  supposing 
that  the  vnjwr  of  this  compound,  like  that  of  many  others,  undergoes  at 
high  tem|H'ratures  tho  change  known  as  diDBocintion  (p.  230),  the  two 
volumes  of  mercumus  oliloride,  Hg/'l,,  l>eing  resolv«l  into  two  volumes  of 
mercuric  ('hloride,  llgCl,,  and  two  volumes  of  mercury,  Hg.  This  supp 
sition  is,  to  some  extent,  warr!int<>d  by  the  olwervation  that  calomel  vbjh 
amalgamates  gold-leaf,  and  that  corrosive  sublimate  may  be  detected 
resublimed  calomel. 


Iodides. — Hrrmrir.  ioHjde,  IfgL,  is  forn)fid,  Vfhttn  solution  nf  potassin 
iiKiicIf  i.i  iiiixvd  with  merouno  chloride,  as  a  pruolpiiale  which  is  at  (Ir 
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tml  in  ■  few  momi'nU  ohaugea  to  a  inrist  brilliant  Bcarlet,  thii 
l*-itig  reUJui><l  ou  drying.  This  ia  the  iieutral  ioilide :  it  may  bo 
mltbuugh  of  rather  duller  tint,  by  triturating  cqiiivalfnt  i|uaiitities 
and  mercury  \rith  a  littlt;  alcohol.  In  preparing  it  by  pritipita- 
H  t«  better  to  weigh  out  the  proper  pmp(jrtions  of  the  two  saltsi,  as 
tkc  iodid*  ia  soluble  io  an  exret>8  of  either,  mure  especially  in  excess  of 
pd(ani«n>  toHide.  Mercnric  iodide  exhibits  a  very  remarkable  case  of 
4aBor|  :  ;'  iided  with  difference  of  color,  which  ia  red  or  yellow,  ao- 

agrdic^  ure  asttumed.    Thus,  when  the  iodide  i»  suddenly  expoaud 

to  a  higi"  i-  ui|>-  rature,  it  becomes  bright  yellow  throughout,  and  yields  a 
oapfaxu  aabliiuate  of  minute  but  brilliant  yellow  crystals,  if  in  this  slate 
it  ha  tOQchiHl  by  a  hard  body,  it  instantly  liecomes  red,  and  the  saniu 
hapiH-ns  sp-intaueously  after  a  certain  lapse  of  tinie.  On  the  other 
by  a  very  slow  and  careful  heating,  a  sublimate  of  red  crystals, 
bsTing  a  totally  different  form,  may  be  obtaininl,  which  are  permanent. 
Th»  aatae  kind  of  cliange  hap{H-ns  with  the  freshly  precipitate<l  iodide,  the 
jrlian  crystals  first  formed  breaking  up  in  a  few  seoondji,  from  the  passage 
of  Uw  Bklt  to  the  nsl  modification. 

Jlrrnarie  iodide  forms  double  K,-ilts  wifli  the  luore  basic  or  positive  metallio 
ii1j«.  as  those  of  the  alkali-metals  and  alkaliue  earth-metals  ;  thus  it 
Tea  to  aqueous  potassium-iodide,  and  the  hot  solution  deposits,  on 
aooUag,  crystals  of  potassio-merenric  iodide,  2(KI.Hgl,).3H,0.  They  are 
Jmmbjiib  1 1  by  water,  with  separation  of  about  half  the  mercuric  iodide, 
tka  colntian  then  containing  the  salt,  2KI.HgI,,  which  remains  as  a  saline 
matm  as  vraporation. 

Jfji iMi !■!  I'xHJt:,  Hg,I„  Is  formed  when  a  solution  of  potassium  io<lid«  is 
mAAiJI  \o  mercnrous  nitrate  :  it  then  separates  as  n  dirty  yellow,  insoluble 
Wvei^Ute,  with  a  tinge  of  greeu.  It  may  also  be  prepared  by  rubbing 
ami  ioline  together  in  a  uiortar  in  tliii  proportion  of  1  atom  of  the 
to  I  atom  of  the  latter,  the  mixture  being  moistened  from  time  to 
with  alookol. 


\ 


Oxides. — yfonnjiiir,  or  Mnruric  Oride,  HgO,  commonly  called  Red  Oxide 

^  J/rrr^r  J.  or  Hfd  Precipilate. — ^Tliero  are  numerous  mi-thods  by  which  this 

mmy>"  '"'  obtained.     The  following  may  be  cite<l  as  the  most  im- 

prt>r>  I'Xposing  mercury  in  a  glass  Hask  with  a  lung  narrow 

aack,  to.  —  •■  •■»!  weeks,  to  a  temperature  approaching  Sl.'i'^  c.  (UfKlO  K.). 

Tb«  prodaot  haa  a  dark  red  color,  and  is  highly  crystalline  ;  it  is  the  rrd 

fndpitmU  of  the  old  writers,     (2)   By  cautiously  heating  any  uf  the  mer- 

<vie  or  mercnrous  nitrates  to  complete  deconiposili(jn,  whereby  the  acid  is 

'i^<Timpwe<l  and  exiielled,  oxiditingthe  metal  to  a  niaxinium,  if  it  hapfiena 

•  state  of  meroorous  salt.     The  product  thus  obtained  is  also 

and  very  dense,  but  has  a  much  paler  cujior  than  the  prew^ding  ; 

it  ia  nearly  black.     It  ia  by  this  methckl  that  the  oxide  is  gene- 

ritX;  it  is  apt  to  contain  undccoraposed  nitr-ate,  which  may  Ih) 

w .  ...;   by  strongly  heating  a  jKirtion  in  a  tesl-tulxj :  if  reil  fumes  are 

pfsdooed,  or  the  o<lor  of  nitrons  acid  exhaled,  the  oxide  has  btion  insulB- 
Q'ralJj'  U<>ated  in  the  pnu'ess  of  manufacture.     (3)   By  adding  caustic  pot- 
i  esoeuto  a  solution  of  corrosive  sublimate,  by  which  a  bright  yellow 
;  itate  of  iiHTCtiric  oxide  is  thrown  down,  which  differs  from  the  fore- 
juaii:  ■''»  merely  in   In-ing  destitute  of  crystalline  texture  and 

OLUrii  :(<-lv  diviiied.     It  must  h>'  well  waslxnl  and  drietl. 

JIrr  is  slitrbtly  soluble  in  water,  communicating  to  the  latter 

(B  4Jk  tion   and  metallic  taste:   ills   highly  [xiisonons.     When 

•Iratic! .  ..  ^-  :,  il  ia  decomposed,  as  before olwerved,  iuU.>  uictalliu  ro«rcury 
■ad  osjrgen  gu. 


I 


umy  marvuruiu  wuui,  luiu  iudhv  are  iiuumi  or  nuio— •.  crmcyi 

(p.  2Hti) — as  the  a<;id  or  llie  luvtul  hajipeiiii  to  bt-  in  cxiMrag.  When, 
contrary,  the  uitriu  avid  in  <x)nc'eutrateil  and  hot,  lliv  lucrcurv  is  ra 
it-s  liighviit  Btato  of  oxidation,  and  a  mercuric:  gait  is  produced. 
olaiisea  of  salts  are  apt  to  bo  dcvompost'cl  by  a  large  quantity  of 
giving  rise  to  insoluble,  or  gpariugly  soluble,  basic  compounds. 

Mrreuric  Sitratei. — Hy  dissolving  mercuric  oxide  in  excess  of  nitr 
and  evaporating  gently,  a  syrupy  liquid  is  obtaine<l,  which,  incloi 
bell-jar  over  lime  or  sulphuric  acid,  deposits  bulky  crystals  and  i 
line  crusts,  both  having  the  comp<isitiou  2Hg(N0,),.H,O.  Tlic  sai 
■tanoe  is  deposited  from  the  syrupy  liquid  as  a  crystalline  poH 
dropping  it  into  concentrated  nitric  acid.  The  syrupy  liquid  itself  i 
to  be  a  definite  compound,  containing  Ug(NO,),.II,0.  By  saturat 
dilute  nitric  acid  with  mercuric  oxide,  a  salt  is  obtained  on  cooling 
eryitaUizes  in  nuedloa,  permanent  in  the  air,  containing  Hg(NO,},,U{ 
The  preceding  crystallized  salts  are  decomiwsod  by  water,  with  pro 
of  compounds  more  and  mure  bosic  as  the  washing  is  prolonged, 
temperature  of  the  water  raiswl. 

MtrcurouM  Silnitr,  (HgJ(N0,),.2H,0,  forms  large  colorless  crystals 
In  a  small  quantity  of  water  without  dcconiyKihilion  ;  it  is  made 
Solving  mercury  in  an  excess  of  wild  dilute  nitric  acid. 

When  excess  of  mercury  has  been  employed,  a  llm-ly  crystalliiw 
lalt  is  deposited  after  some  time,  containing  (Ilg5){NO,),.2Hg,0.3 
SllgjO.NjOj.SH/);  this  is  also  deoomp<«ed  by  water.  Ihe  two  ii 
easily  distinguishecl  when  rubbed  in  a  mortar  with  a  little  sodium  ol 
the  neutral  compound  gives  sodium  nitrate  and  cahimel  ;  the  bat 
sodium  nitrate  and  a  black  comijound  of  calonii-l  with  mercurooB 
A  black  sulwtance,  called  llahnemnnH's  uJiiUr  mrnvry,  is  prodncei 
ammonia  in  snuill  quantity  isilropped  into  a  solution  of  mercurous  t 
It  contains  2NII,.311g,O.XjO„  or,  accwding  to  Kane,  2MI,.2Hg^^ 
cjompfwition  of  this  preparation  evidently  varies  according  to  f 
ture  and  the  coureutratiou  of  the  solutions. 


Meronry  Stilphatea. — Mmxric  Sulphate,  HgSO,,  is  readilj 
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Keroary  Solptildaa. — Sfercuric  SvlfJiiile,  DgB,  occurs  natire  aa  oinna- 
•  tlall-r»tl   luiiivral,  which  it  the  most   important  ore  of  mercury. 
InuTO   tinlphidc   passi-d   in  sinall  quantity  into  a  sulutiun  of  mercuric 
krstr  <'!(<,  fonua  a  wliitu  prcuipitato,  which  in  a  compound  of 

Mm.m  '-  with  tht-  salt  ittielf.     An  cxcosts  of  the  gas  oonverla  the 

Wtule  Uii"  9u>j.i.i<le,  tht?  eulor  at  tht*  Mame  time  cliangini;;  lu  hlHok.  Wlioo 
tkil  hl»ck  sulphide  is  !)u(>linie<l,  it  bcooiurg  dark-n-il  ami  crvittallluc,  but 
mnicTT'*^  nn  cUaugc  uf  >.i>mpo«ition  :  it  is  then  ciiinu'/iiror  vrrmilion.  Mer- 
t  1  le  is  most  ea:iily  prepared  by  Bubliuiiug  an  intimate  mixturu 

oi  i   mercary  and   1  part  of  sulphur,  and  mluciii);  the  rcHullin); 

—*■■">-■'    Ut  rery  flue    puvrdvr,  the  beauty  uf  thi;   tint  dviieniing  much 
I  tbe  extent  to  which  division  is  carried.     The  red  or  crystalline  sul- 
nu^  ahio  be  formed  directly,  without  sublimation,  by  heating  the 
pr«eipitat<Ml    »uljfltance  in  a  sulutiuu  of  (iuliu<!iium  peulasulphide  ; 

tkmwaer'"''- 'jdiidu  is,  in  fact,  soluble  lu  a  certain  extent,  in  the  alka- 

iia*<nl:  .1  forms  with  them  crystallliiable  coni|K>undiii. 

Wbeii  11  ia   heated  Lu  the  air,  it  yields  nietullic  mercury  and 

•alphuroiu  oxide  :  it  resists  the  action  both  uf  caustic  alkalies  in  sulutiou, 
and  the  struui;  mineral  acids,  even  nitric,  and  is  attacked  only  by  uitro- 
■ariatic  acid. 

Marxruut  tnJfi/ude,  Hg^,  is  obtaln«d  by  (lasaing  hydrogen  sulphide  into 
a*alul)0«i  of  mercaroa:^  nitrate,  as  a  black  precipitate,  which  is  resolved 
•1  k  {OOtle  heat  iutu  mercuric  sulphide  and  metallic  mercury. 

AiamoDlacal  Mercary  Compoanda, — Mercnrammoniam  Salts. 

—By  thr  ot^tion  of  .iiamnnia  and  its  !<ults  on  mercury  c<)Uii>ouiidK,  a  variety 
ef  (afaMmnooi  are  fonui-d  which  may  be  reganled  as  salts  of  mercurammo- 
ele!!»— that  U,  of  ammonium-nioU-ciili^  in  which  the  hydro);en  is  tuore 
ri-pl»<H«d  by  mercury,  in  the  proportiun  of  10(1  ur  20H  parts  of  mer- 
I  part  of  hydrogen,  according  as  the  compound  is  formed  from  a 
mmuToaa  or  a  niercurio  salt.  The  following  are  the  most  important  of 
Uj£«Kupounils  : — 

■r«K"  r  I  r  ('inin>n  a  a  i\  a, ■~^f^Tcu^o-l^iammnniumc)llonlle,  (N,H,IIg")Cl„ 

I  irmaoy  m  fa^bte  while praipilate,  is  proiluced  by  adding  potoiih 
t'  ;i  of  amiiutnio-inercurio  chloride,  (2NH/'I.Hg(.'l,),  or  by  dro[)- 
|ua|;  s<>luii<in  of  uixrcuric  chloride  into  a  boiling  solution  of  sal-animniiiac 
KiiiUiiiing  free  ammonia,  as  long  as  the  resulting  precipitate  redisHolv(>s  : 

II  then  separate:)  on  cooling  in  regular  dodecahedrons.  At  a  gentle  heat 
it  (ITM  off  ammonia,  leaving  a  chloride  of  mercurammonium  and  hydro- 
jea,  (KU,Hg")Cl.Ua  : 

N^.Hg"Cl,  s  NH,ng"Cl,  +  NH,. 

M'Tntrammonium  cUoridr,  (NH,Hg")Cl. — This  salt,  known  in  pharmacy 
i>  MjiuiUe  white  precipitate,  is  formed  by  adding  ainmonia  to  a  solotion  of 
aiercarlo  chloride.  When  first  produc<-d,  it  is  bulky  and  white,  but  by 
mntaitt  with  hot  water,  or  by  much  washing  with  cold  water,  it  is  con- 
vnrtrf  into  hydrated  dimercurammonlum  chloride,  NIIg",CI.Hj(t. 

'fHmn'eunt^iaminomiim  nilrale,  (N,H,Hg"j)(NOY),.2II,0,  is  formed  as  a 
•'  i.itate,  on  mixing  a  dilute  and  very  acid  solution  of  mercurio 

"  very  dilute  ammonia. 

i . .»... ,  ..r.-c/mwHiir,  N,llg"j,  H  compound  deriveil  from  a  double  moleenle 
«f  ammonia,  N',U,,  by  6ul>stitution  of  3  atoms  of  hiv&lent  nien-iiry  for  tt 
•tons  of  hydrt>;;cn,  is  formed  by  passing  dry  ammonia  gas  over  dry  preci- 
fiiaigd  morcurio  oxide : 

3HgO  +  2NH,  =  N,Hg,  +  3H,0. 


I 
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The  excess  of  oxide  Iwing  removed  by  nitric  acid,  the  trimercnro-dia 
is  obtained  as  a  dark   brown   powd(-r,  which  explodes   by  beat,  frictio 
percussiuu,  or  coutacl  witli  oil  of  vitriol,  almudt  as  violently  as  nit 
chloride. 

JjuMtircuranwumium  dtlondt,  NHg",Cl.H,0,   U  obtained,   tg  already 
served,  by  boiliuj;  mercurodiamiuouium  chloride  (infusible  white  pr 
tate)  with  water.     It  is  a  heavy,  granular,  yellow  powder,  which  tu 
white  again  when  treated  with  sal-aiuwouiac. 

JJuHtrfuraiHHioftiuM  iodiite,  NHg^'^LU^lK — This  compound  luay  be  1 
by  digcMttug  the  corresponding  chloride  in  a  solution  of  potassium  io 
or  by  heating  uierouric  iodide  with  excess  of  aqueous  ammonia  : 

2UgI,  4-  4NU,  +  H,0  =  NHg",I.U,0  +  3NH.I ; 

also  by  passing  ammonia  gas  over  mercuric  ozy-iodide  : 

Ug,I,0,  +  2NU,  =  2(>'Hg".I.0,0)  +  H.O; 

and,  lastly,  by  a<l<ling  ammonia  to  a  solution  of  potassio-mercoric 

mixed  with  caustic  potash  : 

2(2Kmgy  +  NU,  +  3KU0  =  NHg",I.H,0  +  7KI  -f-  2H/). 

This  laHt  reaction  affords  an  extremely  delicate  test  for  ammonia.  A  i 
tiun  uf  |H>liLSiiiu-Uieri'itric  i<xlide  is  prepared  by  adding  potassium  iodide] 
a  solution  of  corrosive  sublimnle,  till  a  purtiun  only  of  the  resulting 
precipitate  is  redissolved,  tbeu  lilteriiii;,  and  mixing  the  filtrate  wii 
caustic  potash.  The  liquid  thus  oblaiiii'd  forms,  with  a  very  dinall  qua 
tity  of  aumiuiiia,  either  free  or  in  the  form  of  an  auinioniacal  salt,  a  bron 
precipitate,  soluble  in  excess  of  potassium  iodide.  This  is  called  Nosl« 
test  for  ammonia. 

Oincrcuriuhmoiiium  Ui/droxide,  NHg",CHO). — This  flomponnd  is  fortned  1 

treating  precipitated  mercuric  oxide  with  aqueous  ammonia,  or  by  trealinir 
either  of  the  dimercurammonium  salts  with  a  cau.slic  alkali.  It  is  a  bmwu 
powder,  which  dinsolves  in  acids,  yielding  salts  of  dimercurammonium. 

Oinnrrnrnnuiuinimn  Hul/tlnitf,  (NIIg",)^S<.l,. 211,0,  formerly  called  ammaKia- 
eaJ  larpethuin,  is  prepared  by  dissolving  mercuric  sulphati-  in  ammonia,  and 
precipitating  the  solution  with  water.  It  is  a  heavy  white  powiier,  yel- 
lowish when  dry,  resolved  by  boat  into  water,  nitrogen,  anuuonia,  and 
muroorous  sulphate. 

Mercnrons  Corapnutids. — Mmvronnmmnniirm  Chlnridr,  NHjUg'Cl,  ia 
the  black  precipitate  formed  when  dry  calomel  is  exposed  to  the  sclion  of 
ammonia  gas.  WTien  exj>osed  to  the  air,  it  giveB  off  ammonia  and  leave* 
white  niercuroMS  chloride. ^/>im(Tnjroiw»f/iM»««iuM  chloridr^  NHjHg',Cl,  ia 
formed,  together  with  sal-ammoniac,  by  digesting  calomel  in  aqueous  am- 
monia : 

Hjt.Cl,  +  2NH,  =  NH,Hg,n  -f-  NH.n. 

It  is  Cray  when  dry.  and  Is  not  altered  by  b«iiling  water. — Dimrmmmm- 
monlam  nilriUe,  2(NH,nK,)N0j.H,0.  This,  aeoording  to  Kane,  is  the  cfira- 
jHwition  of  the  velvet-black  precipitole  known  as  Mahnemann's  soluble 
mercnrT,  which  is  produced  on  adiliiiK  ammonia  to  a  solntion  of  mercur<ms 
nitrate.  Aci»>rdin(»  to  0.  (5.  Mitscherlich,  on  the  other  hand,  the  precipi- 
tate thus  fnrmi-d  has  the  roiti|u^sition  2XIIvN,0...3Hg,0,  which  ia  tltst  of  A 
bydrated  trimercuroaamuiuiiiuin  niirule,  2(NHlIg^NO,.2H,0. 
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r  -  ^.niu  of  Meraaj  SiUtt.— AW  mercury  oomponnda  are  volatilized 

1    by  a  temperature  of  ignition:    tbuau  which  fail  to  yield  the 

..apl«  beating  mar,  in  all  cases,  bn  made  to  do  80  by  heating  in 

i.  1*^1  luU:  «ith  a  little  dry  sodium  carUmale,     The  motal  i»  precijiitnted 

fmn  lt«  aolulile  combinatioiut  by  a  plate  of  eojij>er,  and  al<o  by  a  solutioa 

tl  rtawMM*  tUariJe  used  in  exeet>s. 

tufpAide,  and  AMunoniam  nJphide,  prralnce  in  snlutioiui,  both  of 
of  mexcuroua  Baits,  black  pre<:ipiUite8  innoluble  in  ammo- 
\  Kulpbide.  In  meruurio  salts,  however,  if  the  quantity  of  the  reagent 
>•  uot  iufficient  for  completu  decompoaitinn,  a  white  precipitate  is 
oosaiatiog  of  a  (X>mpound  of  mercuric  8ulp)iide  with  the  original 
Mil,  *l»«l  often  colored  yellow  or  brown  by  exe-t-.sB  of  mercuric  Bulphide. 
An  caowa  of  hydrogeu  sulphide,  or  ammonium  sulphide,  instantly  turns 
tb«  precipitat«  black.  This  reaction  is  quite  ctiuracteristic  of  mercuric 
•all*. 

Meroario  salt*  are  further  distinguiHlied  by  forming  a  yellow  pre- 
ripitate  with  caaatic  potaxk  ut  itdu;  white  with  iimmonut  or  ammonium  rar- 
tmimt,  insoloble  in  excess  ;  red-brown  with  potattium  or  lodium  carbonate. 
Willi  fdammm  uxiult  they  yield  a  bright  scarlet  precipitate,  soluble  in 
CBwaa,  inlhcr  of  the  mercuric  salt  or  of  the  alkaline  iodide. 

Merearous  salts  are  especially  characterized  by  forming,  with 
AadlradUanr  aeid  or  toliMr  Minridn,  a  white  precipitate  which  is  turned 
Maok  brjr  ammonia.  They  also  yield  black  prcci]>itntes  with  caustic  atka- 
fiaa;  white  with  alkaiiut  carbunaltji,  aouu  turning  black  ;  greenish-yellow 
with  yotattium  iodide, 

Allans  of  roercnry  with  other  metals  are  termed  amalgamt:  mercnry 
ihaaivtm  in  this  manner  many  of  the  metals,  la  gold,  silver,  tin,  lead,  etc. 
TImm  ooniMnations  sometimes  take  place  with  considerable  violence,  as  in 
Ummm  of  potassium,  in  which  light  and  heat  are  produced  ;  besides  this, 
mamr  tft  Ui«  amalgams  after  awhile  Ix-cnme  solid  and  crystalline.  The 
UMIIpaiu  of  tin  used  in  silvering  lookiiig-glnsses,  and  that  of  silver  and 
tl  9)y  mes  cmploye<l  for  stopping  hollow  teeth,  are  exiimplea. 

Hm  s'  j^ims  a]>pt>.ar  to  be,  for  the  most  part,  definite  compounds. 

While  the  liii»id  amalgams  may  be  regarded,  in  many  instances,  as  solu- 
ttOBS  of  deQnite  compounds  in  excess  of  mercury,  inasmuch  as,  when  they 
m  ptttwl  between  chamois  leather,  mercury,  containing  only  a  small 
fSaalily  of  the  other  metal,  passes  through,  while  a  solid  amalgam,  fre- 
fMMlj  of  definite  atomic  constitution,  remains  iK'hind.  A  native  com- 
poud  of  mercury  and  silver,  calli^  "amalgam"  by  mineralogists,  and 
■sviag  the  composition  .Ag,llg,,  or  AgjHg,,  is  found  crystallize<l  in  octohe- 
inaa,  rhombic  dodecahedrons,  and  other  forma  of  the  regular  system. 
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CLASS  III.— TRIAD  METALS. 


THALLIUM. 
Atomic  weight,  iM.    Symbol,  Tl. 

Thi«  element  was  disooverwl   by  Crooki-s,  in  ISfil,  in  the  selenifei 
duposit  of  a  lea(l-tiliaiiiU<r  of  a  aulpliuric  ncid  factury  in  tlie  U»rtx 
taina,  where  iron  pyritrei  is   used   for  the  manufacture  of  :sul)ihurio 
Tile  name  i»  derived  from  t^xxis,  "green,"  because  the  exiatene«  of 
metal  waa  flrat  recognixed  hy  an  intense  green  line,  appearing  in  th<<  »|i 
trum  of  a  flame  in  wliicli  thallium  i»  volatilixed.     It  was  at  firut  sua 
to  lie  a  metalloid,  but  further  enamiuation   proved  it  to  bo  a  true  me 
It  W3M  llrat  obtained   in  a  diiitiuct  metallic  form  by  Crookcs   towards 
end  of  the  year  ISlil,  and  soon  afterwards  by  Lamy,  who  prepared  it  fi 
the  dep'Kiit  in  the  lead-chamber  of  M.  Kuhlmaiin,  of  Lille,  where  Belj 
pyrites  is  employeil  for  the  uianufaoture  of  sulphuric  a<^id. 

Thallium  appears  tu  be  very  widely  difl'used  as  a  coustitaent  of  iron 
copper  pyrites,  though  it  never  eonstitulen  more  than  the  -lOOOth 
the  bulk  of  the  ores.     It  has  also  been  found  in  lepidolile  from  Mora' 
in  mica  from  Zinnwald  in  Bohemia,  and  in  the  mother-liquora  of  the 
works  at  Nauhuim. 

Thallium  is  most  economically  prepared  from  the  flue-dust  of  pj 
burners.  This  sulMtauco  is  stirred  U|i  in  wixmIcu  tubs  with  boiling  wat 
and  the  clear  liquor,  siphonu<l  otf  from  the  du|>osit,  is  mixed  with  exi 
of  strong  hydrcH'bluric  acid,  which  precipitates  impure  thallium  mono- 
chloride.  To  obtaia  a  pure  salt,  this  crude  chloride  is  addeil  by  small 
portions  at  a  time  to  halt  ita  weight  of  hot  oil  of  vitriol  in  a  porcelain  or 
platinum  dish,  the  mixture  being  constantly  stirreil,  and  the  heat  eon- 
tinned  till  the  whole  of  the  liydr<A.'hloric  acid  and  the  greater  |>ortion  of 
the  excess  of  sulphuric  acid  are  driveu  off.  The  fuse<l  acid  sulphate  in 
now  to  be  dissolved  in  an  exoess  of  water,  and  an  abundant  stream  of 
hydrogen  sulphide  pa.saeil  through  the  solution.  The  precipitate,  which 
may  c<jnt.i.in  arsenic,  anlimouy,  bismuth,  lead,  mercury,  and  silver,  is 
separateil  by  filtration,  and  the  filtrate  is  boiled  till  all  free  hydrogen  sul- 
phide is  reiuoved.  The  licjuid  is  now  to  be  rendered  alkaline  with  ammo- 
nia, and  lioileil  ;  the  precipitate  of  iron  oxide  and  alumina,  which  gene- 
rally apjh'nrs  in  Ibis  place,  is  tilt.-red  off;  and  the  clear  solution  evaporated 
to  a  small  bulk.  Thallium  sulphate  then  separates  on  cooling,  in  long, 
clear,  prisiniitie  crystals. 

Metallic  tlialllum  may  be  reduced  from  the  solution  of  the  Bulphai 
either  by  electrolysis,  or  by  tlie  action  of  line. 

Thallium  is  a  heavy  metal,  resembling  lead  in  its  phrsical  properti. 
When  frtwhly  cut,  it  exhibits  n  brilliant  metallic  lustre  and  gravish  ndor, 
Bomewhat  In-tween  those  of  silver  and  lead,  assuming  a  slight' yellowish 
tint  by  friction  with  harder  boilies.  It  is  very  soft,  1>eing  reaSily  eut  with 
a  knife,  and  making  a  streak  on  paper  like  plumbago.  It  is  very  mallo- 
able,  is  not  easily  drawn  into  wire,  but  may  be  readily  Bqneeied  into  t 
form  by  the  process  tecbnicnlly  cnllcd  "squirting.''  It  b.vi  a  high 
crystalline  struc-ture,  and  crackb^s  tike  tin  when  b<<nt.     It  melts  nt  2})40.^ 

lu  ooutaot  with  the  air,  thallium  tarnishes  more  rapidly  than  lead. 
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«OMt«d  with  a  thin  lajrer  of  oxide,  which  preserves  the  rest  of  the 

The  miwt  ch»ract*ristio  property  of  thnllinm  is  Ihe  bright  green  oolor 
•htsh  tho  Bwtol  or  &ny  of  iu  L'<jiupouiids  impart  In  a  colorlftia  Haine ;  and 
dkii  eeiar,  when  viewt^l  by  tliu  apeclruscopf ,  iis  neeu  to  lie  «btiolut<-ly  mono- 
illiMiliri.  appearing  a«  one  iutvtisi'ly  brilliant  and  sharp  grci-n  line. 

Th*Uiam  dissolTes  in  hydrochloric,  sulphurio,  and  nilrio  acids,  the 
latlor  attacking  it  titv  energetically,  with  copious  evolution  of  red  vapors. 
Thalliaiu  foruiii  two  classes  of  compounds — naiuely,  the  thaUious 
eoBpoands,  in  which  it  is  univalent :  and  the  thAllic  compounds,! 
is  whieb  it  is  trivaU-nt.  Thuii  it  forma  two  oxides,  Tl,0  and  Tl,<)„  with 
■inH>iil>ilin4;  chlorides,  bromiib'S,  ioilides,  and  oxygen-salts.  In  some  of 
lliehnR'-''l  r..lHiiuu8  it  reaewliles  the  alkali-uietals,  fnmiing  a  reaiiily 
:>  alkaline  monoxide,  a  soluble  and  alkaline  carbonate, 
iiiichloride,  a  thallio-almuninio  sulphate,  similar  in  form 
>l»^iiivu  Ui  ccimmun  potash-aivm,  and  several  phosphates  exactly 
s  in  compoailioo  to  the  phosphates  of  sodium.  In  wiiet  resjiects, 
it  u  more  nearly  allie<l  to  the  heavy  metals,  especially  to  lead, 
it  rtMmblei  closely  in  appearaaue,  density,  melting-point,  specilio 
electric  conductivity. 


•kMi 


ThBlUam  Chloridea. — Thallium  forms  fonr  chlorides,  represented  by 
th*  runsnlie  TlCl,  T1,C'1„  Tl,n„  and  TR'l,;  the  second  and  third  of  which 
aay  bv  rqr;ar<led  as  compounds  of  the  monrndiloriile  and  trichloride, 

Th»  MamoMoride  or  Thallioas  Chluriilt,  TlCl,  is  formed  by  direct  ciimbina- 
tioa,  Ihe  nurlal  burning  when  heatt^d  in  chlorine  gas  ;  or  as  a  white  curdy 
ymipilMe,  resembling  silver  chloride,  by  treating  the  solution  of  any 
ikallaMW  Mlt  with  a  soluble  chliiriiie.  When  lioiled  with  water  it  dissolves 
Uta  laad  flhloride,  and  separates  iu  white  crystals  on  luoling.  It  lorms 
4aaU«  aalla  with  trichloride  of  gold  and  tetrachloride  of  pinttnum.  The 
jlattmtm  mtti,  2TlCI.I'tCI„  separates  as  a  pale  yellirw  very  slightly  soluhle 
«T*tallinp  powder,  on  adiling  platinic  chloride  to  thallious  chloride. 

TVs  TrieAloride  or  TImJHc  cJJoridt,  TlCl,,  is  obtained  hy  dissolving  the 
trtiwrhle  in  hydrochloric  acid,  or  by  acting  up<m  thallium,  or  one  of  the 
1p»iiI  chlorides,  with  a  large  excess  of  chlorine  at  a  gentle  heat.  It  is 
istlMii  in  water,  and  separates  hy  evaporation  in  a  vacuum  in  hydratod 
mptaiM  ;  niells  easily,  ami  de(x>mpoiies  at  a  high  temperature.  It  forms 
crrtJiMin.'  .t..iii.|..  t,ultD  with  the  chlorides  of  the  alkali-metals. 

./.•,  TI.Cl,  =  TlClj.3Tlfl,  is  produced  by  dissolving  thal- 
li'  >' hlnride   in   nitromuriatic  acid,  and  separates  on  cooling 

la  /ellow  crystalline  scales.  By  aqueous  ammonia,  potash,  or  even  by 
tkaiiiiMia  oxid>-,  it  is  instantly  de<!omposed  into  sesquioxide  and  monochlu- 
>Ui^  Mnording  to  the  4Miuation  : 

an.n,  -f  3kik>  =  ti,o,  +  cna  -f  skh  +  3hci. 

T»io  PirUnridr,  Tl.fl,  s  TlCl.,.Tin,  is  formed  by  carefully  heating  thal- 
inonorhloride,  in  a  slow  current  of  clilorine.     It  is  a  pale  yel- 
■  '•  reduced  to  sesquichlor' le  by  further  heating, 
i  .!•    i>itti'aioEs  of  thallium  resemble  the  chlorides. 

Tnr1M<Hi  —TViallinus  Mide,  Til,  is  formed  by  direct  combination  of  its 
liy  double  decomposition.     It  forms  a  iieautifnl  yellow  p<iwder, 
r ,  r  than  snlphur,  and  melting,  below  redness,  to  ascorlet  liquid, 

irliieh,  a»  the  raas»  cools,  remains  scarlet  for  some  time  after  soliilillration, 
thrn  changes  to  bright   yellow.     The   dried   precipitate,  when    spread  on 
paprr  with  a  little  gam-water,  undergoes  a  similar  but  opjiosite  change  to 
33 
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that  oxperinnoed  by  merourio  Iodide  when  iieatAd,  the  yellow  snrfaM  whi 
held  over  a  flame  »uddenly  lieooming  scarlet,  and  freqaeiuly  remaining  I 
after  »X)Iing  lur  several  days;  hard  friction  with  a  glass  rod,  hnwev^ 
changes  the  scarlet  cnlur  bavk  t«  yellow.  It  is  very  slightly  soluble  f 
water,  requiring,  according  to  Crookes,  4453  parta  of  water  at  17. 20,  i 
842.4  parts  at  UlO&,  to  disisolvc  it. 

ThatUc  Iodide,  T1I„  is  formed  by  the  action  of  thallium  on  Iodine 
solved  in  ether,  as  a  brown  solution  which  gradually  deposits  rhoml 
prisms.     It  forma  crystalline  compounds  with  the  iodidos  of  the  alk 
metals. 


Thallium  Oxldea. — Thallium  forms  a  monoxide  and  a  trioside. 

The  Monosidc  or  T/iallioas  Oxide,  Tl,l),  constitutes  the  chief  part  of  1 
crust  which  forms  on   the  surface  of  the  metal  when  ex{iosed   to  the  i 
It  may  be  prepared  by  allowing  grantilateil  thallium  to  oxidize  in  wa 
moist  air,  and  then  Ixiiling  with  water.     The  filtered  solution  first  deposfl 
white  needles  of  thallium  cnrhonate,  and,  on  further  cooling,  yellow  neMiV 
of  the  hydroxide,  TIHO  or  Tl,().Hj(),  which,  when  leH  over  oil  of  vitriol  ( 
a  vacuum,  yields  the  anhydrous  monoxide  as  a  reddish-black  mass  retati 
ing  the  shape  of  the  trystaU.     It  is  partially  reduced  to  metal  by  Iiydfl 
gen  at  a  red  heat.     When  fused  with  sulphur  it  yields  th.-illious  sulphid 
It  dissolves  readily  in  water,  forming  a  colorless  strongly  alkaline  solutia 
which   reacts  with    metallic  salts   very  much    like  caustic   potash.      Th 
solution  treated  with  zinc,  or  subjected  to  electrolysis,  yiel'is  metallic  I 
Hum. 

The  Triozidf,  or  Thallic  Oxide,  is  the  chief  product  obtained  by  bnmii| 
thalliuiH  in  oxygen  gas.  It  is  best  prepared  by  adding  potash  to  the  sola 
tiou  of  a  tballio  salt,  and  drying  the  precipitate  at  2(il)^.  It  is  also  for 
by  electrolysis  of  thnllious  sulphate.  It  is  a  dark  red  powder  riHlueed  \ 
thallious  oxide  at  a  red  heat;  neutral,  insoluble  in  water  and  in  alkali(( 
Thallic  hydrate,  Tl"'110„  is  obtained  by  drying  the  above-mentioned 
oipitate  at  IW-'. 

Oxygen-Baits. — Both  the  oxides  of  thallium  dissolve  rea^lily  in  acids, 
foruilng  crystalline  8alts,  soluMe  in  water  ;  there  are  also  a  few  insoluble 
thallium  salU<i  formed  by  double  decomposition. 

Thnlliottt  earbonaie,  Tl,Cl)j,  is  deposited  In  crystals,  apparently 
Irinietric,  when  a  solution  of  tlialtious  oxide  is  exiHised  to  (he  air.  It  is 
soluble  in  water,  and  the  solution  biu  a  slightly  caustic  taste  and  alkaline 
reaction. 

Sulpkatei. — Thnllious  sulphate,  T1,S0„  obtained  by  evaporating  the 
chloride  or  nitrate  with  sulphuric  acid,  or  by  heating  metallic  thallium 
with  that  acid,  crystallizes  in  anhydrous  rhombic  prisms,  isomorphoas 
with  potaasium  sulphate.  It  forms,  with  aluminium  sulphate,  the  salt, 
A1T1(S0,),.I2H,0,  isomorphons  with  common  alum;  and  with  the  so^H 
phates  of  magnesium,  nickel,  etc.,  double  salts  containing  6  molecules  o^H 
water,  and  iwimorpbous  with  magnesium  and  potassium  sulphate,  etc.  (jt. 
2.'itj).  Tlialtir  nuliihiitf,  TI,(S0,)j.71l,0,  separates  by  evajniration  from  a 
solution  of  thallic  oxide  in  dilute  sulphuric  acid,  in  thin  colorless  lamina 
wliii'h  are  decomposed  by  water,  even  in  the  cold,  with  separation  of  bro« 
thallic  oxide. 

PhoiphaUs.^TXie  thallious  phosphates  form  a  series  nearly  as  con 
plete  aa  those  of  the  alkali-metals,  which  they  also  resemble  in   their 
havior  when  healed.     There  are  three  orlhnphosplujtes,  containing  resp 
lively  lIjTll'O,,  IITLJ'O,,  and  T1,I'0,.     The  first  two  arc  soluble  in  wato 
the  second  is  nhtained  by  neutralizing  dilute  phosphoric  acid  at  boilinj 
heat  with  thallious  carbonate,  and  the  first  by  mixing  the  dithallioa:^  salt 
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«i«ii  acta  of  phosphoric  acid.  The  trithaUiowi  tall,  'n,PO„  is  jery  gpar- 
liagljr  folobte,  au>l  ia  furmud  ss  a  urystalliiie  previpitnto  ou  mixing  the 
uta»t«d  solations  of  onliunry  disudic  pli>iripliate  and  tliallioiia  Huipliatu ; 
•Im,  loe«tb«r  with  atmuoniu-thallious  pliusjiliate,  liy  tnmtiiig  the  mouo- 
ft»lltir~T  w  •litlialliou;i  salt  with  i-xress  of  aiumuuia.  There  are  two  tlial- 
bM/i9rMA04y>Aa/M,U,Tl,P,O„  and  TI,i'/*;>  ^'t''  very  boIuIjIi-  in  wat«r  :  the 
iMt  iirodaeed  bjr  cart<fully  hi'stiug  munuthallious  ortliophoHpliate,  thu 
•■■atl  hj  atrongly  beating  dithulliou.s  orthopluispbatu.  Of  tlutlliuws  mela- 
fk^Autt,  TIPO^  tliure  are  two  luodiQcationg :  the  first  remaining  as  a 
tliglitly  solable  ritrrom)  mass  when  uiuuothalliuuii  (irtliophosphate  ia 
atroogty  ignict^i,  the  gpcond  obtaiund  as  ou  easily  soluble  glass  by  igniting 
Miiiiiiniiii  111  illiiiin  orthophoephatK. 

T%»llie  ardtplmphaU,  Tl"'Pl),.2ll,0,  separates  as  an  insoluble  gelatinoas 
pc«d|iitAte  on  diluting  a  solatiou  of  thalliv  nitrate  mixed  with  pliuitphorio 
ada. 

ThaUlnm  Sulphide,  Tl^. — ^This  compound  is  precipitated  from  all 
Uiallioiu  «a1u  by  ammouiiim  Hulphide,  and  from  the  ncet^ite,  carliunate, 
or  ozalato,  by  hydrogen  sulphide  (in»)mpletely  also  from  the  nitrate,  sul- 
pdatR,  ur  rhli>ridi<),  in  dense  lloeks  of  a  grayish  or  brownish-black  i\>lor. 
Tkalllr  salt^  appear  to  b«  reduced  to  thallious  salts  by  boiling  with  ara- 
Iphide.  Thallium  sulphate  projected  into  fusi'd  potassium 
loced  to  sulphiile,  which  then  forms  a  brittle  nu'tnlliL'-liM>kii>g 
the  lustre  of  plumbago,  ami  fusing  more  readily  than  metal- 
lic UtaUium. 


I 


Jtfmdimt  of  ThntltHm  Salt: — ^The  reactions  of  thai  I  ions  salts  with 
fcjr^logMi  talphide  and  ammonium  «ulphide  have  just  been  mentioned. 
Timu  Ui«ir  aijueous  solutions  thallium  IB  rapidly  precipitated  in  metalllo 
tryitob  by  tmr.  slowly  by  iron.  SoliMe  chtorides  precipitate  difficultly  solu- 
Uc  «liil«  thallious  chloride;  soluble  brnmidea  throw  down  white,  nearly 
luble  bromide  ;  soluble  ialiilnt  precipitate  insoluble  yellow  thallious 
Caustic  alknlift  and  alkaline  carhonnte*  form  no  precipitate  ;  sodium 
/Impkalt  forms  a  white  precipitate,  insoluble  in  anuuonia,  easily  soluble  in 
iriAa. 

AtenKa  ekramata  givM  a  yellow  preoipitatfl  of  thallious  ohromate  in- 
•nlabU  in  cold  nitric  or  sulphuric  acid,  but  turning  orange-red  on  Iwiling 
bt  thn  acid  jolution.  Ptatiuic  Muride  precipitates  a  very  pale-yellow  in- 
telubiii  double  salt. 

TUallic  salts  are  easily  distinguished  from  thallious  salts  by  their 
Wisiiiii  with  alkalies,  and  with  soluble  chlorides  or  bromides.  Their 
•dations  give  with  amtnomia,  aud  with  Jixni  alkalir*  and  their  carbonalM, 
a  inmo  gelatinous  pr>.-<:ipitate  of  th.tllic  oxide,  containing;  the  whole  of  the 
Uulliam.  Soluble  cWorWrji  or  fcmmi'i/cj  produce  no  precipitate  in  solutions 
vl  parv  t>i«1lie  Aalts  ;  but  If  a  thallious  salt  is  likewise  present,  a  precipi- 
tala  a^  -  '     Tide  or  sesquibromide  is  formed.      Ojo/i'c  ari'rf  forms  in  so- 

fallioo;'  salts  a  white  pulverulent  precipitate  ;  itliosphoric  acid  a 

vilite  g>-i.iiin<iu:<  precipitate  ;  and  arnenic  acid  a  yellow  gelatinous  preoipi- 
lala.  Thallic  nitr.ile  ^-ives  with  /tulaiuium  J'crruci/anide  a  green,  and  with 
ahm /icrriciiaiiiJe  a  yellow  precipitate. 

Ia  examining  a  mixnd  metallio  solution,  thallium  will  be  found  in  the 
pfvipitalo  thrown  down  by  amnhmiuni  sulpbiili',  to^'etlicrwith  iron,  nickel, 
Bancaoesc,  etc.  From  thesu  mulals  it  may  be  easily  aeparatitl  ly  precipi- 
taHfom  with  potassium  iodide  or  platinio  chloride,  or  by  reduction  to  the 
— <allir  Mtal<i  with  zino. 

Thallium  «alts  are  rudooed  before  the  blowpipe  with  oliarcoal  and  sodium 
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o&rbonate  or  potassiam  exaiii<le-     The  grean  color  Imparted  to  (lama  ' 

thallium,  and  thu  peculiar  character  of  its  speclrDm,  hare  alreadjr  beM 
meiitionutl. 


INDIUM. 

Atomic  wrii^lit,  IU.4.    Srmbol,  In. 
1 

Tni8  oxtremvly  rare  mvlal  waa  diacorered  in  1S6H  hy  KvU-b  and  Bii 
in  the  lino-bU-ude  of  Fri'iborp,  aud  has  Jinco  lioon  found  ir 
zinu-<ir«<   and    in   the   tliie-duiit  of   line   furniii>~(.     The  nut. 
which  rxmains  whi-n  tin-  crude  »ino  of  Iho  KrHil»>r|r  works  i-  Ij 

dilute  sulphuric  auid,  contaiiuj  the  kIiuIv  of  the  indium  (0.I>I5  per  c 
topaher  with  lead,  arsenic,  cjidniiuin,  and  iron.  It  io  di!^solv•xi  in 
acid  ;  the  lead,  arsenic,  and  cadiuium  are  precipitateil  by  Uyii 
phide ;  and  the  Ultered  Bolutiou  is  heateal  with  (mliwAiitm  c 
bring  all  the  iron  to  the  Htnle  of  ferric  salt,  and  then  treal'il  witb 
nia,  which  precipitates  the  indium  as  a  hvdruxiile,  togi-ihrr  with  iron 
sine.  The  precipitate  is  dissolved  in  acetic  acid  .  the  indium  is 
tati«l  as  sulphide  hy  hydrogen  sulphide  :  and  freeil  from  trao4 
and  line  by  dissolving  the  precipitate  iu  dilute  byitrochloric  »<-id,  _ 
tating  the  indium  by  a^'itation  with  barium  carbonate,  dissolving  nut 
indium  hydroxide  by  dilute  eulphuric  acid,  and  reprucipitatiug  witb 
nioiiia. 

Indium,  redaoed  from  its  oxide  bjr  ignition  with  aodinm,  U  «  sfli 
white  metal,  soft  and  ductile,  has  a  specific  gravity  of  7.4'." 
IVtN' C.  (34l:<.S'^  K.),  und   is   less  volatile  than   cadiuium  or   ■ 
heated  to  retlncss  in  the  air,  it  burns  with  a  violet  fianie,  and  ^.     .• 
into  the  yellow  sesquioxide.     Ileateii  in  uhhirine,  it   burns)  witli  a 
green  light,  and  forms  a  chloride,  which  sublimua  without  fu* 
incipient  ntd  heat  in  soft,  white  lawiins. 

Indium  disBulves  in  the  strong  mineral  acids,  and  is  preolpKaled 
the  solutions  by  zinc  and  ettifmium.      Hifiniym  g»tjihifb>  pr- 
pletely,  as  a  yellow  sulphide,  from  a  solution  of  its  .irot.i 
trni  solutions  of  indium  salts  in  general,  but  not  from  f. 
excess  of  the  strong  mineral  aciils.     Amnvmm  nnd  titU'iin  |i| 

white  pri'ci pi t.'ites  insoluble  in  exe>-<s  :    niiulif  fxttnih  nr 
white  indium  hydroxide  solnlile  in  exci«8  of  the  nlknli.       I  . 
bnnoir  fornui  a  white  preci|>itate  soluble  in  exo'ss,  and   i<  jm'  <  ijMtait 
boiling,      linrium  mrtmnnir  precipitates  indium  completely. 

The  spectrum  of  indium  is  characterited  by  two  indlgo-enlnrwl  II 
one  very  bright  and  more  refrangible  than  tlie  blue  line  of  sti 
other  fainter  and  still  more  ri'franj^ible,  nnd  np|iroaching  th< 
potasxiiim.     It  wns  the  olwervatioii  of  this  pi>culiar  S[>ectruiii  ihut  j'«i 
the  discovery  of  the  metol. 

The  foroiulm  of  the  principal  normal  Indium  compoundi  are  as  follow* :' 

Chloride 

Indium  and  ammoniam  chloride 

Yellow  oxide       .... 

Hydroxide  .... 

Nitrate 

8ulpliat4i    ... 

Tli«  yellow  oxid»,  hMted  in  a  atreMn  of  hydrogen,  la  »aoo««iita(]r 
dncni  to  a  green,  a  gray,  and  a  block  oxide  (Ind,),  and  at  *  iuw  ndb 
U)  llie  iiiebillic  stat«. 


InCI, 
■2Nlip.InClt<f  B/) 

lu..O, 

Intl. I  I. 


OALLIUM. 


377 


GALLIUM. 

Atomic  wclgbt,  u8  di.    Symbol,  Q». 

I  infill  WM  diseoTered  in  1875  by  Leooq  du  Boisbaudran,*  in  a  xine- 
rom  the  mine  of  Pierretittc,  in  tlie  valley  of  Argeles,  Pyrenees, 
lik««is>r  been  found,  though  always  in  very  amall  quantity,  in 
frtma  other  locnlitite.  It  is  separated  by  diiisolving  Uie  blende  in 
attmBurtalic  acid,  immursing  plateH  of  zinc  in  the  solution  till  the  dis- 
sl  of  hydrogen  be«)mp!i  slow, — whereby  oopjjer,  leail,  cadmium, 
■Hhcr  nMlaU  are  precipitated, — und  tlien  Ixiilin^  the  clear  liquid  for 
Ikoara  with  a  larj^e  excess  of  line,  which  llirowg  dnwu  alumina, 
iHte  atlifr«alta.  and  oxide  of  gallium.  This  precipitate  is  re<li8»olved  in 
^ytlWllllill  1«  acid  ;  the  solution  again  boiled  with  line  ;  the  resulting 
|f  i|Jlil<  _  which  c<int»iiis  the  gallium  in  a  more  uoncentrate<I  form,  is 
nrfiaanlrcd  in  hydrochloric  acid;  the  solution  mixed  with  ammonium 
ia  tTcat<yl  with  hydrogen  sulphide,  which  throws  down  the  zinc 
gatUuni  a*  «ulpbidea,  leaving  the  aluminium  in  solution  ;  and  this 
i»  repeated  to  insure  the  complete  separalioo  of  the  alumina, 
Tba  white  aolpbides  of  zinc  and  gallium  are  then  dissolvisl  in  hydro- 
Alarte  acM  ;  the  solution  is  fr.-utionally  precipitnte<l  with  sodium  cnrlxin- 
au,  tbo  gaUioJU  going  down  chiedy  in  the  tirst  portions  :  and,  to  complete 
tkt  tipTitinn  <rf  the  xino,  the  gallium  oxide  is  dissolved  in  sulphurio 
t^i  and  r«>pr«cipitsted  by  excess  of  ammonia  ;  this  dissolves  all  the  zinu 
Ci  'he  greater  part  of  the  gallium  oxide,  which  may  be  rcprecipi- 

ti;  '■•nn  the  liquid  to  expel  the  fr>H'  ammonia. 

Ill  is  olilaincMl   by  eleclrolyzing  a  solution  of  the  oxide  in 
].  la  with  platinum-electrodes,  the  gallium  iK'ing  deposited 

«a  <nr  o"-g»ii>'  I'late  as  a  compact,  closely  adhering  crust,  wITu'h  may  be 
4«tH  till  by  bending  the  ]>late  liackwarda  and  forwards  under  cold  water. 
OaUiam  is  a  hard  metal  somewhat  whiter  than  plaliiiimi,  and  acquires 
^fpti  polish  by  pressure ;  it  is  sectile  and  somewhat  malleable  ;  its  spe- 
cie ^»vity  is  5.9,  which  is  intermediate  )x>(w<H-n  that  of  aluminium 
ft<)  and  that  of  indium  (7.4).  Us  melting  jwint  U  30. lO  C,  (8ti.20  p.), 
Mthat  it  liquefle*  when  pressed  lx<tween  the  fingers;  frequently  also  it 
l^ialm  liquid  for  a  long  time  even  when  cooled  to  nearly  0°.  The  melted 
^lUl  adheres  to  glass,  forming  a  mirror  whiter  than  that  produced  by 
■iwcQry.  When  heatfil  to  bright  redness  in  contact  with  the  air,  it  oxi- 
dize* merelv  on  the  surface,  and  does  not  volatilize. 

Gallium  forms  a  verv  bright  electric  spectrum,  exhibiting  a  brilliant 

Un.  and  a  fainter  band 'in  the  violet.     In  a  gas-flame  only  the  line  is  exhi- 

Ut»l,  and  even  this  is  very  faint  and  fugitive.     It  was  by  these  spectro- 

•mplc  characters  that  the  existence  of  gallium  was  (Irst  recognized. 

'Vallinm  chloride  is  very  soluble  and  deliquescent.     Its  aqueous  solution 

ti  highlv  concentrated,  but  becom.-s  turbid  on  addition  of  water; 

vte  (probably  an  oxvcliloride)  dissolves  but  very  slowly  in  hy- 

,  id.     A  slightly  acidulatwl  solution  of  the  chloride  evaporated 

I. .'at,  dejiosits  nee<lle8  which  act  strongly  on    polarized   light. 

ij  not  deliquescent. 

■nns  an  ammonia-alum,  which  crystallizes  In  oct(ihe<lrOTis  llKB 

11111  ;  it  dissolves  in  cold  water,  but  the  sohiliim  iNuximes  turWd 

1  UmUuis,  aud  is  deoomposud  by  heating  with  acetic  acid.     The  existence 

■  Coinpln  Ren<lu>,  Ixxxl.  4M. 
32* 
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of  this  alam  shows  that  the  oxide  of  gallium  is  represented  by  the  | 
mala  Qs,0,,  and  its  chloride  hy  OaClj. 

Solutions  of  gallium  salts  give  with  ammonium  milphide  a  white  pn 
tatu  of  >;allium  aulphidu  iniiolublc  in  exotisu  of  the  rt-agcut.     The 
pr"?ci[iitat(i  is  formed  by  lii/Jroiji-n  sul/tliiile  in   presence  of  ai-^tic,  but  not| 
hydroclil'tric  aoid.     Ammonia  and  ctirtwnntr,  af  anuannia  give  whit«  pr*? 
tat(«  soluble  in  excess.     Slightly  a^'id  solutions  of  the  chloride  and 
phate  are  not  precipitated  in  the  cold  by  amiumium  acetate :  but  the  neut 
solutions  are  clouded  thereby,     (iallium  oxide  is  easily  precipitated  i 
barium  rarhmiate. 

In  a  mixed  solution  of  gallium  and  aluminium,  the  latter  is  preoipit 
before  the  gallium,  and   in  a  mixed  solution  of  gallium  and  indium,  i 
gallium  goes  down  tirxt  ;    in  p<iiut  of  liHsicity,  therefore,  gallium   is 
mediate  between  aluminium  aud  indium. 


The  atomic  weight  of  gallium  has  not  bwn  determined  by  direct  i 
ment ;  but  as  thiii  metal  Is  a  triad  intermediate  i»  some  of  it^  prop 
(biutioity  and  density)  between  aluminium  and  indium,  and  in  its  che 
react'uns  exhibits  considerable  rraemblance  to  zinr,  it  is  supposed 
an  atomic  weight  not  far  from  88,  as  aasiguod  to  it  in  Mendelejeff 'i  ( 
Boation  of  the  Elements  (p.  23S>). 
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TIN. 

Atomle  weight,  lU.    Syiabol,  Sn  (Stannun). 

Tiiik  Titlaable  metal  rwoura  in  the  state  of  oxide,  and  more  rarely  u 
nipluiiff  :  lh«  prinvi|>al  tin  mines  are  tUotie  of  Saxouv  and  Bohemia,  Ma- 
iim.  and  mure  e:)|M»;ialljr  Cornwall.  In  Cornwall  the  tIn-Htnne  in  found 
m  »  amsliluent  of  metal-bearing  veins,  associated  with  iNipper  ore,  in 
(nail*  aiKl  slate-rocks  ;  and  lu  an  alluvial  dupoHit,  mixed  with  rounded 
yrkbUs.  in  the  hutlt  of  several  small  rivers.  The  first  variety  is  called 
BOT-  anil  the  second  tlream-tin.  Tin  oiude  is  also  found  disseminalud 
Uiniii|(lt  th»  rtx^k  iu^lf  in  smiUI  crystals, 

Ta  |ir'-^>ftre  the  ore  for  rwlnction,  it  is  stamped  to  powder,  washed,  to 
•r|HfBt«  as  much  as  possible  of  the  earthy  mattor,  and  roasted,  to  expel 
Miliar  and  arsenic  :  it  is  then  strongly  heated  with  coal,  and  the  metal 
lka>  •bteised  U  cast  into  large  blocks.  Two  varieties  iif  commercial  tin 
an  known,  calle<l  grain-  and  bar-tiu;  the  first  is  the  best ;  it  is  prepared 
(ran  tk»  stream  ore. 

I*ur>-  tin  has  a  white  color,  approaching  that  of  silver :  it  is  soft  and 
n<!!>--tt>le,  and  when  bent  or  twist^Hl  emits  a  (wvuliar  crackling  sound  ;  it 
Tuity  of  7.3,  and  melu  at  2370  C.  (458.GO  K.).  Tin  is  but  little 
,'>n  by  air  and  wat«r,  even  conjointly  ;  when  heated  above  its 
UK-uiiig-iHiint,  it  oxidiies  rapiilly,  becoming  converted  into  a  whilLth  pow- 
4cr,  uiv\  in  Ibe  arts  fur  jKilishing,  under  the  name  of  /lull^  /lowtlrT,  The 
■itel  is  attacke<l  and  dissolved  by  hydrochloric  acid,  with  evolution  of 
kritro^en  ;  nitric  acid  acta  with  great  energy,  converting  it  into  a  white 
hydrate  of  the  dioxide. 

Tin  te  a  l«trad  metal,  and  forms  two  well-defined  classes  of  compounds, 
•MHiy,  the  atannous  compounds,  In  which  it  is  bivalent,  as  SnCI,, 
i*l^  SdO,  etc.,  and  the  stannic  compounds,  in  which  it  is  quatlri- 
ttUnt,  as  ijnCl,,  Sn()„  etc. ;  also  a  few  oompoumls  called  stannoso-stan- 
*lc  rompuauds,  of  intermediate  composition,  e.  g.,  Sn,CI„  Sn,0„  etc. 

Chlorides.  —  The  diehloride,  or  Slannou*  Chloride ,  SnCI,,  is 
ttnained  in  the  anhydrous  state  by  distilling  a  mixture  of  caluiiiel  and 
yvwdered  tin,  prepared  by  agitating  the  melt^il  metal  in  a  wwMlen  Ih<x 
■atil  it  solidifies.  It  is  a  gray,  reaiuous-lookiug  substance,  fusilile  below 
ralnt«s,  and  volatile  at  a  high  temperature. 

Tliv  kyirateJ  rhloride,  commonly  called  lin  tail.  Is  easily  prepared  by 
diM'ilrinK  metallic  tin  in  hot  hydroi'hioric  aciil.     It  crystalllxes  in  needles 

O'T  • •^Ti<.'l,.2H,0,  which  are  freely  soluble  in  a  small  quantity  of 

•  >  '  apt  t<i  be  de(Himpos«d  in  part  when  put  into  a  large  moss, 

u:  liloric  arid  in  exuess  be  present.     Solution  of  stannous  chlo- 

1^1  I    ns  a  deoxidizing  agent;    it  reduces  the  salts  of  mercury 

.  Hi.  i,,i>   if  the  same  class.     It  is  also  extensively  employed  as  a 

BurdMit  in  dyeing  and  calico-printing  ;  sometimes  also  as  an  anticlilore. 

Hlaanons  chloride  unites  with  the  chlorides  of  the  ulkali-metals,  forming 
crystalliiable  doable  salts,  SnCI^^KCl,  etc.,  called  lHannotoddoridtt  or  C'/i/o 
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TU©  lelracil^rUt,  or   Slanmit  rAl»riJr,  HnClj,    fnrtnuvir  iNil 
/nmtimf  lifmtr  ^  Liatiiu,  a  xmr. 
chloriBe,  or,  BKVveooTrjiiroU.t' . 
tin  with  5  puis  of  <nma«T«  ^<I"llulak'.     ii   .^   .• 
liqakl,  boiling  at  120O,  ami  jrielding  ■  colorless  lav: 
in  the  air,  and  when  mizad  with  a  third  part  of  w^t 
fusible  ma«s,  callol  buUtr  o^liit.     The  solatioo  uf  staniiii' 
cinplojed  t>r  Ui«  <i;><r  fur  the  bright«aiQg  and  fixing  of  T' 
sometimes  ilr«i;nat«<i  l>jr  the  old  name*,  "a»np(«ili'in,  plir&ic,  ur  tin 
tion:"  it  is  comnxuily  prepared  by  disaolriu);  metallic  tin  in  a  mixture 
hrdr     '  '  iid  nitric  acids,  care  being  taken  to  avoid  too  gris'il  elrraiit 

of   t  The    bulution   when   evaporated   jrielils   a  deli4uescel 

crv>'  '  "i'"  >ni*i    '.w  n. 

bi  th"  chlorides  of  the  .1;: 

line  loubte  salu,  calle<l  .v.. 

ttammniri,  r.  ,,.,  SuClj.^lNU/.i ,  SliCl,.Bn(.'l,,  etc.      It  »1»<)  • 
ronipoumls  with  the  pentaohloridv  and  oxrrlilorida  of  |' 
SnCI,.P('l(,  and  Sn('l,,POCI,,  and  a  solid  compound  with  phLa^iiiiu*,' 
tainiug  3SnCl,.2IMI,. 

The  IricAyonJf .  or  ^onojo-jrfannir  rA/nn'f/*     V"   — -   ^n!y  in  volution,  is  p| 
dno<<d  by  dissiilving  lite  sei«<{uinxi'le  in    '  <;  acid,     Tbo  solatl 

•cts  like  B  mixture  of  the  diciiluride  and  i.  -_ :ide. 


Fluorides. — .Stosnoiu  Flxmride.  SuF,,  obtsini<d  b.r  evapnratuig  ths  1 
tion  uf  stannous  oxide  in  livdroHurtrio  acid,  crystalliles  in  snuUi     ~^ 
opatjue  prisms.     iHannic  jiwiriJr.  '^n¥^.  is  not  kmiwn  in  the  f^»<€' "t 
unites  with  other  metallic  fluoii' 
ttaHHOfiuortdfs  or  ftuoj^annatrs,  '■ 
fluoriil<4,  titanoduorides,  and  <U'"iiM"ii'iv?.      ii 
6uF,.2KF.U/),  the  barium  salt,  t5nK,.UiiP„  tU>. 


jivu^saiu  111   s^i  (  t'iiiiu 


OzldeB. — TI10  monoxide  or  ^'foitsout  oiidt,  SnO,  is  prodftMd  by 

hestini;  sl.iiinnus  oxalate  out  of  contact  with   the  air:  also  bjr  i|(ailiiit 
stannous  hydrate.     This  hflnUf,  2SnU.ll^,  ur  Sn,U,(),,  is  olitaiaed  as  * 
white  precipitate  by  devoiii|xisiD|;  stitnnous  chluriile  with  an  alksliiw  Mr* 
bonnte,  carbon  dioxide  can  Ix'ing  at  the  same  time cTulved.     TIj' 
esrofully  washi-d,  drio(l,  and  licnted  in  an  almogpbaro  of  carl  < 
leaves  anhydrous  Riannons  oxide  as  a  dense  I'l'-V    •■•■'•■'■'    - 
mnneiit  in  the  air,  but  when  tuuoUod  with  a  i 

burns  like  tinder,  producing  the  dioxide.     Th^' 1  ,  1 

caustic  potash  ;  the  solution  decumiHises  by  keeping  into  un-tallic  Im  ■■  1 
dioxiilo.  It  dissolves  also  in  sulphurio  acid,  forming  ttaunoiu  nZ/v.'-, 
8nS0,,  which  crystallizes  in  needles. 

The  .SeJK/Hiaru'lr,  8n,n,,  is  prodaued  by  the  kcUon  of  hydrated  ferrii:  nxlds 
upon  stannous  chlnri<le ;  it  in  n  .         '  '       '  '  '    '  ' 

chloric  acid  and  in  aminonia. 

The  ilioxide,  or   Sliinnir  ...  ....  , 

OMsitetite,  the  t^nnninn  iirti  uf  tin,  and   : 
stannous  uxi>le,  nr  stannous  hydrate   in 

prrparud  it  is  a  white  or  yellowish  amorphoiu  powder  ,   but  by  poniHk;  ' 
va|ior  uf  stannic  chloride  mlxod  with  aqueous   vapur  thniUKh  a  rvil  1.  i 
jKirtvdaiti  tulw,  it  inny  Ih<  ubtiiined  In  cryntals.    It  is  not  attackMd  by  aciits, 
i  even  In  the  coucenlrati.<d  slate. 

SUntii.  ■     ':        ■       .--.-.-    ,...r  -:..- ,_,._  ..,-___.,    . 

'  tion  »nd 

Lsalt*  by  ixi...:.. ..   .:    ,..:-...    1 1.,^ ;-.  ,        i 

Itintnlr  «i<|il,  »n(),U,U,  or  li,an(i,.  and  m»tsstaDDIv  •cia,S»n,n  . 
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tR,0,  nr  H^afi,^,  the  former  being  capable  of  exchanging  the  whole  of 
11  for  metal,  and  forming  the  atannntes,  containing  M.SnO,  ; 
iU»T  tfxclianges  unljr  oue-flflli  uf  its  hydrogen,   I'ormiiig   the 
.  :,s,  U»M,Sn.U,j. 

previpilatnJ  by  acids  from  solutions  uf  alkaline  Mtaunatcs, 
4>»  ii-'iii  ••^•viLiwii  of  stanniu  eliloridr,  by  calcium  or  linrium  carbonate  not 
ia  nTnaw  ;  alkaline  carbonates  throw  down  an  avid  stannate.  When  dried 
it  th«  air  at  ordinary  teu]>eratures  it  has,  aoxirdiug  to  Weber,  the  com- 
■■(lliiii  8uU^2U,0 ;    in  a  vacuum  half  the  water  ia  given  off,  leaving 

Stannic  hydrate  dissolvee  in  the  stronger  acids,   forming  the  stannic 
■ka;  thus  witti  sulphuric  acid  it  forms  stannic  sulplmtr,  8n(S4l,),  or  tinU. 
;-■'         '/    'r.ic/Joric  acid  converts  it  into  the  tetrachloride.     The  stanuio 
.'.•n-acids  an-  very  uuatablu. 

. ,. — Staiiuic  hydrate  exhibits  acid  mnch  more  dwidedly   than 

t»»io  properties.  It  form:!  eaiiily  soluble  salts  with  the  alkalies,  and  from 
Ihxte  the  insoluble  siannates  of  the  carth-metalu  and  heavy  metuls  may 
t>  i>t>Uuuod  by  precipitation.  Sudium  tlunnalc,  Na,SnC)j,  which  is  uiiich 
Med  in  oalioo-printing  as  a  "preparing  salt"  or  mordant,  is  priKluciMl  on 
tk*  large  scale  by  fusing  tinstone  with  liyilrate,  nitrate,  chloride,  or  Bul- 
yliidr'  »f  soilium;  by  boiling  the  tin  ore  with  caustic  siHlu-sulution  ;  by 
(ttsing  mrtalli<:  tin  with  a  mixture  of  sodium  nitrate  and  carltonate ;  or 
tiatine  it  with  Bo<lB-solutioQ  mixe<l  with  sodium  nitrate  and  chloride.* 

IfalculaMoie  acid  is  produeeil  by  the  action  of  nitric  ucid  u^xm  tin.  When 
t1n'»l  iu  the  air  at  ordinary  temperatures  it  contains  iiSnO,,  11111.^0  or 
H^-»UjO,,.5H,0,  but  at  10<)O  it  gives  off  6  molecules  of  water,  and  is  re- 
dwoi  to  UutinjOij.  It  is  a  white  crystalline  powder  insoluble  in  water  and 
la  aciila.  it  dLviolves  slowly  in  alkalies,  forming  nietustannates,  but  it  is 
pKliuUly  deposited  in  its  original  state  as  the  sulutimi  absorbs  carlK>nio 

a«d  Crum  the  air.     The  jiotaMium  talt,  K^IIgSujU^  or  ,|||'''|,  [  (SnO,)^,  may 

ki  pMcipitatod  in  the  solid  slate  by  adding  piect^  of  solid  )xit!i.-ih  to  i\  solu- 
tion of  metastannio  acid  in  cold  potash.  It  is  gummy,  uiu-ryslallizable, 
lad  tlrougly  alkaline.  The  mdium  mil,  Na,lI^Sn<),j,  prepared  in  like  man- 
»«,  i»  cry»lallo-gninular,  and  dissolves  slowly,  but  completely,  in  water. 
Tk*  BvUaUtnnates  exist  only  in  the  hydrated  state,  being  decompo8e<l 
«lMa  dvprivat  uf  their  basic  water. 

Hb  Bnlphldea. — The  monosuliihide,  SnS,  is  prepared  by  fusing  tin  with 
mnmt  ■•'  -■•  •  .■•r,  and  strongly  heating  the  product.  It  is  a  lead-gray, 
Mttl'  fusible  at  a  re<l  heat,  and  soluble,  with  evolution  of  sul- 

fklhft'-  .vten,  in   hot   hydnx^hlorio  acid.     A  teti/uimdjifiide.  may  be 

braol  by  gently  heating  the  above  compound  with  a  third  of  its  weight 
i*  nlphor  :  it  is  yellowish-gray,  and  easily  decomposed  by  heat.  The 
tiWjdlii/r.  dnSj,  or  Mosaic  gold,  is  prepare<l  by  exposing  to  a  low  red  heat, 
■  a  glaM  flask,  a  mixture  of  12  parts  of  tin,  6  of  mercury,  (i  of  sal-animo- 
■iu,  and  7  of  llowers  of  sulphur.  Sal-ammoniac,  einnalmr,  and  stannous 
•Marido  sublime,  while  the  bisulphide  remains  at  the  iKittoni  of  tb.«  vessel 
tetkufonnof  brilliant  gold-cu>lore<l  scjiles  :  it  is  used  as  a  sulMtitute  for 
pl4  powder.  The  same  i»m|M>tind  is  obtained  as  an  amorphous  light- 
74I0W  powder  by  passing  hydrogen  sulphide  into  a  solution  of  ataunio 
(klarid*. 


I 


*  Sichtnlsaa  >nd  Watta'i  Cbemloal  Teehnologr,  vol.  L  part  W.  p.  U,  and  part 
T.  f.  so. 
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Stannous  salts  givswith: — 

ATj^w/  eaiutif  alkalirt:  white  hydrate,  soluble  la 
Ammimiii:  carlxuuilta 

ommunimn  . 


fof  1 
Md    \ 


while  h.vdrato,  nearly  insolulilv  in  i 


Bydroijrn  luluhitU 
AmmomunuMipliult 


blttck-hrown    prKi-ii)itAte    of    w 
siilublu  in  auiiiiiiuiiiui  ttulphi  ' 
exi'«8S  u(  sulphur,  and  n>pi- 
Aoids  aa  yelluw  biaulpbido. 


Btannio   salts   give  willi : — 

ttiai  oi«*ric  alhtli»»:  white  hydrate,  soluble  In  excess. 
Ammunia:  white  hydrate,  slightly  soluble  in  excess. 
Alhiline  rarlH>„altt:  while  hydrate,  slightly  soluhle  in  MO 
Amm>nlum  aitlmimU:  while  hydrate,  insoluble. 
Ilyilrm,,!,  t,tl,,hiilr :  vellow  preeipilnto  of  bisulphide. 
AiHmn'i,iuM  sulpltidt:  the  some,  soluble  in  excess. 

Trichloride  of  gold,  added  to  «  dilute  solution  of  sUnnoua  chlorid*, 
give*  rise  to  a  brownish-purple  precipitate,  caUwl  porplt  of  tiunia  (Jiajfit 

Tlie  use.iil  applications  of  tin  are  very  numerous.  TiiiHud  ytate  conaista 
of  iron  sup.Tlici.ilU-  alloved  wilh  Ihis  moUl  ;  i-ru'ter,  of  Ihe  best  kln.1,  U 
ohiellv  tin,  hanUnwi  by  the  admixture  of  a  little  antimony,  etc.  ».^x*. 
ing-VMSeU  of  rapper  are  usually  tiune.1  in  the  interior.  The  usa  ul  till 
solutions  in  dyuLug  and  calico-printuig  haa  been  already  meutlonod. 


TITANIUM. 

Atoinlc  wvlghl,  M.    Symbol,  Tl. 


Tuis  Is  ono  of  the  rarer  metals,  and  Is  never  found  in  tl)»  nii>(><11le  rxita^ 
Tlie  most  imiKirlaut  titanium  minerals  are  ntiilr,  hrookilr. 
are  different  forms  of  titauio  oxide,  and  the  »<<viiral  vari. 
Iron,  conHistiuK  of  ferrous  titniiate,  sometimes  bUhii'.   Inn   iii.ir''  go 
mixed  with  ferric  or  f.-rroso-ferrio  oxide.     Uecn-iionally,  in  tlio  sl^' 
ing   tn  the  luttom  of  blast-furnaces    in  which    imx  ore  is  redug 
brilliant  copper-colored   cubes,  hard   enough  to  sernteh  gl«« 
highest  degree  infusible,  ore  found.     Tlii»  «iilHt.vu-«,  of  which' 

Cielling  furnaco  in  the  Uartz  priHliice>l  as  much  as  80  poumU,  was  I 
lieved  to  l)<>  metallic  titanium.     Wiihlcr,  however,  has  shown 
a  c<iiiibjnation  i>f  titanium   cyantilo  with   titanium  nitride.     Wl 
crystals  are  powderisl,  mixed  with  potassium  hydrate,  and  fused, 
is  evolved,  ami  iKil.-vssinm  tit.'in.ite  Is  formed.     Xirl.-illic  ti>  ' 

divided  st.%te  may  \m\  ulilniiu'd  by  h"atiii(;  titanium  aiil 
with  potassium.  Thin  •.Icmnil  m  r.....n.  i  ..i.k.  f...  u.  ,i 
when  henleil  in  the  air.  It  simiilt  . 

Titanium  is  telradic.  like  tin,  »>.  .     '    

titanic   iM)ni(K>und<i,  in  which    il    i»  iiomlrivnliMil,  r.  <)..  Til  I,.  TIO^ 
the   titanuu*  uompounds.  In  which  it  is  apparently  trivalcnt,  hul  ttf 

Till, 
also  quadrivalent,  «.  y.,  Tl,(a„  or  I 

TICI. 


TITANICM. 


Chloride*. —  Tila»oiu  Mnruft,  Ti,CI,,  is  prodnoed  by  pacing  Uie  vapor 
•<  L!ici>  ctiloncie  mixrd  with  liyilrogt-u  through  n  red-hot  tiiU-;  it  lurms 
tuk  tt^'I't  !><-a1<«  Itaving  a  strong  liiatre.  I'lliimc  rJUuru/e,  TiCI,,  is  pre- 
Jtni  bj  psdaing  rhlorino  over  an  ignittMl  mixture  uf  titanio  oxide  and 
dutiMl.  It  is  a  o<>|iirl<?sg,  rolatile,  fuming  liquid,  huving  a  npn-iQc 
p»titr  of  1.76W9  at  U-  C.  {3:^-'  ¥.),  vapor-diusity  =  ti.BiS,  and  Iniiling  at 
ttPC.  (375°  K.)-     't  unites  very  violently  with  water,  aud  foniui  deliuite 

ipomila  with  ammonia,  ammonium  chloridv,  hydrogen  cyanide,  cyaiio- 

I  dkloriilit,  phospiiine,  and  sulphur  tetrachloride. 

1  IiMhIiIiw — Tilanma  fluoride,  Ti,F„  ill  obtainnl  as  a  violet  powder  by 

po>»**io- titanic  ttuoride  in  hydrogen  goa,  aud  treating  the  retiult- 

knilk  hot  water.    Tilnnicflmirulr,  'I'iK,,  piif^^eHover  aaal'uuiingoolor- 

I  llquiii,  wheii  titauic  oxide  is  <lirililled  with  tluor-spar  aud  fuming  aul- 

acid   iu  a  platinum  appariitus.     It  unites  witli  hydroduoriv  acid 

[•■4  BMilallic  flaoridpii,  forming  doulile  salts  calle<l   ti  tanof  1  uorideR,  or 

fllQlllaaatea,   isomorphoua   with    the   silicoduorideii,    zircutluoridea, 

c}i.,TiF,.:SKV:  TiF,.CaF,. 

Oxldaa>. — ^The  tnguioride,  or  Titanmtt  ozide,  Ti,0„  ig  obtained  by  igniting 
IV  (ii'iit'lr  111  hydrogen,  as  a   hiaeli  powder,  which,  when   heated  In  the 
u  tL>  a  Trry  higli  t<.'iujH'rature,  oxidizus  to  titanic  oxide. 
n>e  Utixritlt,  ur  Ttiaiiic  oxide,  ocoum  native  in  three  different  forms,  viz., 

• ' ^    i'l  '.iri-ie,  wliich  are  dimetric,  and  brookite,  which  is  trimelric  ; 

IS  the  purest,  and  rutile  the  most  abundant.     To  obtain 

■  ,  rutile  or  titaniferous  iron  ore,  reduced  to  fine  powder, 

:  wiiii  twice  ita  weight  of  potassium  carbonate,  and  the  fused  moss 

'  vnt   in  dilute  hydrofluoric  acid,  whereupon  titauo-Huoride  of  po- 

'I  begins  to  separate.     From  the  hot  aqueous  solution  of  this 

1  lia   throws   down   snow-white  ammonium   titanate,    which    ig 

1  ■  1-   in  hydrochloric  arid,  and  when  ignite<i  give*  re<ldiBb-brown 

I  inic  oxide.     Thifl  oxide  is  insoluble  in  water,  and  in  all  acida 

ii>^)'i,  iriiuug  Bulphiiric  acid.     By  fusing  it  with  six  times  its  weight  of 

irij  pot^Miam  sulphate,  a  cleAT  yellow  mass  is  obtained,  which  dis.solves 

jFrf.-rllT  in   unrrn  water. 

iipear?  to  form  two  liydrntos  or  acids,  nnalngons  to  stan- 

f-  MJo  acids.     One  of  these,  called    titanic  acid,    is  pre- 

il    by  ammonia    from    a   solution   of   titanic   chloride,   as    a  white 

which    dissolves    easily   in    sulphnric,   nitric,    and    livdrtH-blorio 

•ill,  fvea   when   these    .vitis  are  rather  dilute;    but   llicxe  dilute   soln- 

Ikna,  when  boiled,  deposit   metatitanio   hydrate   as  a  soft,   white 

l^rda,  whinh,  lik*  the  anhydrous  oxide,  is  insoluble  in  all  acids  except 

■BDBg  •nlphuric  arid. 

f\...   (^finates   have  not  been  much  ptndif-d;   most  of  them  mav  be 

l.y  the  formnlee  M.TiO,  =  2M,O.TiO,,  and  M.TiO,  =  M.O.TiO, 

:   M  denoting  a  univalent  metal).     The   titanates  of  i-alcium 

-  ti  n«Tur  as  natural  minerals.     The  titanates  of  the  alkali-metals 

-iniH  ))T  fnsinu  titanic  oxide  with  alkaline  hydrates,  carbonates,  or 

-i.me  of  them  also  in  the  wet  way.     When  finely  pnlver- 

■i,  they  dissolve  In  moderately  warm,  concentrated  hy- 

'Cil   the  greater  part  of  the  dissolved  titaniojioid  is  pre- 

ii;  the  solution  with  dilnte  acids.     The  nciitrjil  lilanalea 

_..„..  ....  mIb,  MjTiO,,  are  insoluble  in  water,  but  soluble  in  acids, 

Tb«  tiianat'>a  of  th»  earth-metals  and  heavy  metals  are  insoluble,  and 
My  b*  obtalnetl  by  pre<^ipitatlon. 
fa  a  wdulion  of  titanic  acid  in  hydrochloric  acid,  oontainlng  as  little 
Mid  aa  pomlble,  tincturf  a/'  fulls  prodnces  an  orango-oolored  pTOCtv^* 


I 


S84  TETRAD    METALS. 

tat«  ;   potamnm  ferrobyanidti,  a  dark-brown   precipitate.      Titanic   at 
fuiKMl  witli  borax,  or,  Iwtter,  witli  microcomiic  salt,  in  tlie  inner  blon 
tlainc,   forms  a  glaax  which  is  yellow  whili>  hot,   but  becomes  Tiola 
Cwiling.     'I'hu  (li-liracy  of  Ihe  rvactiou    is   much   increaiietl  by  inelUI 
little  metallic  ziuu  in  the  bead. 


LEAD. 

Atomic  weight,  307.    Symbol,  Pb  (Plumbum), 

Tins  abundant  and  useful  nictnl  is  allogntln-r  obtained  from  the  na 
Rul|thidt',  or  ijuUmi,  no  other  K'ad-4fre  being  found  in  large  quantity. 
riHiuction  in  effected   iu  a  reverljeratory  furnace,  into  which  the 
lend-oro  is  introduced  and  roasted  fur  Bouie  time  at  a  dull  red  hea 
which  much  of  the  suljibiile  l»-c<omo8  changed  by  oxidation  to  sulptj 
The  contents  of  the  fiirmue  arc  then  thoroughly  mixe<l,  and  the  temp 
ture  raiseil,  when  the  sulphate  and  sulphide  relict  upon  each  other,  I 
duciug  sulphurous  oxide  and  uietallic  lead  : — 

PbSU,  -f  I'bS  =  I'bj  +  2S0, . 

Load  is  a  lofl  bluish  metal,  possessing  very  little  elasticity  ;  ita  i 
gravity  is  11.45.     It  may  be  easily  rolled  out  into  plates,  or  dr-iwo) 
into  coarse   wires,    but   has    very   little   tenacity.     It  melts   at  315. S~ 
(599.4'^  F.),  or  a  little  aliove,  and  lK>ils  and  volatiliu^s  at  a  white 
By  slow  c(K>ling,  it  may  be  obtained  in  octoht<dral  crystals.     In  mots 
this  metal  becomes  uoatcd  with  a  film  of  gray  matter,  thought  to  Im<  I 
oxide,  and  when  exj>ose<l  to  the  atmosphere  in  the  melte<i  state  it  rapidljr 
absorbs  oxygeu.     Dilute  acids,  with  the  exception  of  nitric  acid,  act 
slowly  upon  lead. 

Li'ad  is  a  tetra<l,  as  shown  by  the  constitution  of  plumbic  etl 
Ph(C,Uj), ;  but  in  its  inorganic  combinations  it  appears  dyatiic,  forming' 
but  one  chloride,  f'hCI,,  with  oorrcs])onding  bromide  ami  ioilidn.  Tha 
oxide  corri-sponding  with  these  is  HW),  and  there  are  also  higher  oxidm 
in  which  the  metal  ai.ay  be  regarded  either  as  a  dyad  or  as  a  tetrad  :  thus 


spiaiy 
i;t  jjlj 


the  dioxide  PbO,  may  be  formulated  either  as  O Pb O,  or  as  P' 


"I 

I  offl 


Lead  Chloride.  PUn,,  is  prepared  by  precipitating  a  solution 
nitrate  or  acetate  with  hydrochloric  acid  or  common  salt.  It  separata  0 
a  heavy  white  crysUUine  precipitate,  which  dissolves  in  about  33  part* 
of  l»>ili'ng  water,  and  separates  again,  on  cooling,  in  needle-shaped  OMH 

There  are  several  oxychlorides  of  lead,  one  of  which,  Pbjn.O^  ^ 
rii<'l,.2iniO,  occurs  cryst.-illiied  in  right  rhombic  prisms  on  tlie^  Mendip 
Ilills,  thence  calleii  mndiiiilr.  Another,  constituting  Pattinson's  whit* 
oxydiloride,  Pli,ri,0  or  P1>("1,.P1><>,  is  prepared  for  use  as  a  pigment  by 
griuiling  p.ilena  with  strong  hydrochloric  acid,  dissolving  the  resulting 
chloride  itfbot  water,  and  precipitating  with  lime-water.  A  thin!  oxy- 
chloriile,  PbCU.TPWl,  called  inlrnt  iieUow  or  Tiimcr't  f/dlow,  is  pre|>are»l  Igr 
heating  1  part' of  sal-ammoniac  with  10  parts  of  litharge.  ^M 

Lead  Iodide,  Pbl,,  is  precipitated,  on  mixing  lead  nitrate  or  acvSB 
trJtJj  I'litut^inm  iodide,  as  a  bright  yellow  powder,  whiuh  dusolvea  in 
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vater,  And  ciTStalUzea  therutrom  in  beauUfnl  yellow  iridescent 


I 


0-'-*--  ■r^.  ,  monoxide,  PbO,  called  lilharye  OT  maan'rol,  is  thp  product 
f  .tion  of  the  metal.     It  is  luift^t  couveiiiently  prepared  by 

It ^     .-     uatf  to  dull  rodness  ;  rouiiuun /iV/uir^r  is  impure  monoxide 

VkMb  lua>    uiulergone   fusion.     Lead  oxide   has   a  delicate  atrair-vellow 

wi!^,  Is   rery  heavy,  and  slightly  soluble  in  water,  giving  an  alkaline 

It  is  aoluble  in  potash,  and  crystallizes  from  the  solution  in  rliom- 

::i».     At  a  red  heat  it  melts,  and   tends  to  crystallize  on  cooling. 

trt  it  attacks  and  dissolves  silieious  matter  with  ostouish- 

i:  ]>«>netrating  an  earthen  crucible  in  a  few  minutes.     It  is 

••k-M.  ,..1,,..-.,   ..  ii.'D  heated  with  organic  substances  of  any  kind  conlain- 

ia/  carbon  or  liydrojcn.     It  forms  a  large  class  of  salts,  often  called  ]>lumbic 

*iL,  which  art-  euluile^s  if  the  acid  itself  is  not  colored. 

Tn/Jiumhir  letroTuIr,  or  Rtd  had,  is  not  of  very  constant  oomposition,  but 

r^-n I! y  contains  Pb,0,  or  2PliO.PIi<J,.     It  is  prepared  by  exposing  the 

1",  which  has  not  l>een  fused,  for  a  long  time  to  the  air,  at  a  \eTy 

i  UcAt  :   it  is  a  brilliant  red  and  extremely  heavy  powder,  decom- 

■'    .volution  of  oxygen,  by  a  strong  heat,  and  converted  by  acids 

re  of  monoxide  and  dioxide.     It  is  used  as  a  cheap  sulxititute 

,  PbO„  of\en  called  pact  or  brmrn  Irad-aride,  is  obtained  with- 
^    by  digesting  red  lead  in  dilute  nitric  acid,  whereby  lead 
^oIv«d  out,  and  insoluble  dioxide  left  behind  in  the  form  of  a 
...iH'iier.     The  dioxide  is  decomi>08ed   by  a  red   heat,  yieUling 
in.     Hydrochloric  acid  converts  it  into  lead  chlo- 
ut  of  chlorine  ;  hot  oU  of  vitriol  forms  with  it  lead 
:  .11.-=  oxygen.     The  dioxide  is  very  useful  in  separating      ^_ 
f  >m  ivrtain  gaseous  mixtures,  lead  sulphate  being  then      ^| 

L   ,  ,  +  so,  =  PbSO  ■ 

11  liifiiiunliic  axtdr,  or  Lend  suboxide,  Pb,0,  is  formixl  when  the  monoxide  is       ^1 

1]  dr^-.-.l  u>  dull  redness  in  a  retort :  a  gray  pulverulent  substance  is  then      ^| 

^  ich  is  resolved  by  acids  into  monoxide  and  metal.     It  absorbs  oxy- 

^  ii   great  rapi<lity  when  heated,  and  even  when  simply  moistened 

^  ^pused  to  the  air.  H 

,       Lead  Nitiite,  Pb(NO,)„  or  PbO.N,Oj,  may  be  obtaln«l  by  dissolving       H 
tad  <artx>natr  in  nitric  acid,  or  by  acting  directly  upon  the  metal  by  the      ^M 
tmt mtmt  with  the  aid  of  heat:   it  is,  as  already  notice<l,  a  by-product      ^| 
la  tlkK  preparation  of  the  ilioxide.     It  crystallizes  in  anhydrous  ootoha- 
tnot,  which  are  usually  milk-white  and  opaque.     It  dissolves  in  7}  parta 
rf  wid  water,  anri  is  deoomposeil   by  heal,  yielding  nitrogen  t««troxide, 
ingen,  and  lead  monoxiile,  which  olistiiiately  retains  traces  of  nitrogen. , 
Wfeca  •  »olution  of  this  salt  is  Imiled  with  an  additional  quantity  of  leadi 
■I Mil,  a  piirtinn  of  the  latter  is  dissolved,  and  a  basic  nitrate  generated, ' 
vkkk  may  be  obtained  in  crystals.     Carbonic  acid  separates   this  excess 
<i  ex'tde  in  the  form  of  a  white  oamponnd  of  carbonate  and  hydrate  of 
tod 

•  id  basic  compounds  of  load  oxide  with  the  trioxide  and  tetrox- 
i  . n.  have  been  lii-scriiwd.     These  last  are  probably  formed   by 

iw '.xjiiiM^^.itiiin  of  a  nitrite  with  a  nitrate. 

&Md  Catbonate;  \mie  l.e,nl;  PbCO,  or  PbO.CO,.— This  salt  is  sorao- 
liMcttiiund  tM-HuUfully  crystulli7.e<i  in  long  white  needles,  ax-companying 
«(WlB«t«llir  orev.  It  may  In'  prepared  artificially  by  precipitating  in  the 
mU  •solation  of  the  nitrate  or  acetate  with  an  alkaline  carbonate  :  when 
Ikt  Isttd  solution    is   boiling,  the  precipiUte  is  a   basic   sail  coi\ttkVT\va% 
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2PbCO,.PbH,0,.  It  U  also  manafaottired  to  an  immense  extent  li/  o€ 
means  for  the  use  of  the  painter.  Pure  lead  carbonate  is  a  8olt  white 
powder,  of  great  epecifio  gravity,  insoluble  in  water,  but  easily  dissolve 
hy  dilute  nitric  or  ac«tic  acid.  Uf  the  many  methoils  put  in  practiu 
proposed,  for  making  white  lead,  the  two  following  are  the  most  iwpor 
and  interesting.  One  of  these  oousists  in  forming  a  basic  nitrate  or  i 
of  lead  by  boiling  finely  jKiwdered  litharge  with  the  neutral  salt, 
solution  is  then  brought  into  contact  with  carbonic  acid  gas,  whereby  1 
.the  excess  of  oxide  previously  taken  up  by  the  neutral  salt  is  at  once  pr»- 
cipltated  as  while  lead.  The  solution  strained  or  pressed  from  the  latter  it 
again  boiled  with  litharge,  and  treated  with  carbonic  acid  ;  these  processes 
are  .Kusuc'ptiblu  uf  indefinite  repetition,  whereby  the  little  loss  of  neutral 
salt  k'ft  in  the  jirecipitates  is  compensated.  The  second,  and  by  far  tbs 
more  iiiicieut  method,  in  rather  more  complex,  and  at  lirst  sight  not  very 
intelligibte.  A  great  number  of  earthen  jars  are  prepared,  into  each  of 
which  is  poured  a  few  ouuors  uf  crude  vinegar  ;  a  roll  of  sheet  lea<l  is 
then  intrmUiced  in  such  a  manner  that  it  shall  neither  touch  the  vinegar 
nor  project  alwve  the  top  of  the  jar.  The  vrasels  are  next  arranged  in  a 
large  building,  side  by  side,  upon  a  layer  of  stable  manure,  or,  still  better, 
■pent  tan,  and  closely  covered  with  Ixiards.  A  second  layer  of  tan  it 
Spread  upon  the  top  of  the  latter,  and  then  a  second  series  of  pots ;  theM 
are  in  turn  covered  with  boards  and  decomposing  bark,  and  in  this  manner 
a  pile  of  many  alternations  is  constructed.  After  the  lapse  of  a  conside- 
rable time,  the  pile  is  taken  down  and  the  sheets  of  lead  are  removi-d  and 
carefully  unrolled  ;  they  are  then  found  to  be  in  great  part  converted  into 
carbonate,  which  merely  requires  washing  and  grinding  to  bo  fit  for  n^e. 
The  nature  of  this  curious  process  is  generally  explained  by  supposing 
the  vapor  of  vinegar  raised  by  the  high  lenipernlure  of  the  fermenting 
matter,  merely  to  act  as  a  carrier  between  the  carlmnic  acid  evolved  from 
the  tan  and  the  lead  oxide  form<>d  under  the  inllueiice  of  the  acid  va])or, 
a  neutral  acetate,  a  basic  acetate,  and  a  carlKinate  being  produced  in  auo- 
oeasion,  and  the  action  gradually  travelling  from  the  surface  inwards. 
The  quantity  of  acetic  acid  used  is,  in  relation  to  the  lead,  quite  trifling, 
and  cannot  directly  contribute  to  the  prcHluction  of  the  carbonate.  A  pre- 
ference is  still  given  to  the  product  of  this  old  mode  of  manufacture,  on 
account  of  its  superior  opacity,  or  Mg,  over  that  obtained  by  precipita- 
tion. Commercial  white  lead,  however  prepared,  always  contains  a  certain 
proimrtion  of  hydrate.  It  is  Homutimes  adulterat<Hl  with  bari um  sulphate. 
When  clean  metallic  lead  is  put  int<j  pure  water  and  exposed  to  the  air, 
a  white,  crystalline,  scaly  powder  begins  to  show  itself  in  a  few  hours,  and 
very  rapidly  increases  in  quantity.  This  substance  may  consist  of  load 
hydrat<>,  formed  by  the  action  of  the  oxygen  dissolved  in  the  water  npon 
the  lea<l.  It  is  slightly  soluble,  and  may  Iw  readily  detecte<l  in  the  water. 
In  most  cases,  however,  the  formation  of  this  deposit  is  due  to  the  action 
of  the  oarlxinic  acid  dissolved  in  the  water :  it  consista  of  carlionate  in 
combination  with  hydrate,  and  is  nearly  insoluble  in  water.  When  com- 
mon river  or  spring  water  is  sulMtituted  for  the  pure  liquid,  this  effect  if 
less  observable,  the  little  sulphate,  almost  invariably  present,  causing  the 
deposition  of  a  very  thin  but  closely  adherent  flini  of  lead  sulphate  upon 
the  aurfaoe  of  the  metal,  which  protects  it  fr<im  further  action.  It  is  on 
this  account  that  leaden  cisterns  are  ustxl  with  impunity,  at  least  in  moet 
oases,  for  holding  water :  if  the  latter  were  quite  pnre,  it  would  bes|)eMlily 
contaminated  with  lead,  and  tlie  cistern  would  be  soon  destroyed.  Natn- 
m1  water  highly  charged  with  carbonio  acid  cannot,  nnder  any  cirenin- 
staniHv,  be  kept  in  lead  or  passi^i  throi\gh  leaden  pipes  with  safety,  ths 
carbonate,  though  insoluble  in  pure  water,  being  slightly  soluble  in  water 
oonUiniag  carboDJc  acid. 


LEAD. 

:-'''::••  iiilli  reagent)!  as  follows:— 

ill-  :i  whilo  liydrato  frwly  Huliible  in  ojc- 

.J  wUito  procipilati',  not  soluble  in  fxciwa. 

'  '/luM,  ami  aiianunium  preciiiilnto  lead  L-arUmxtt*, 

,  '  tiric  luiii  or  a  milji/iiile  ruuties  a  wliitff  prwipitnto 

'.iUk,  insoluble  in  nitric  acid.     Hydrtujcn  mJ/tliide  ami  ammonium 

H  down  bla<-k  lead  sulphide.     L<"a<l  in  rt-.idil/  ileti-ctjil  beforo 

•  |>i|H<  br  riming  the  (Nimponnd  nmier  examination  on  rharM>al  with 

>'.irlMinat(.-,  when  a  Im-.v!  of  metal  is  easily  obtained,  which  iii  re- 

n^uusd  bj  its  chemical  as  well  as  physical  propvrties. 


hn  i\1nj  nf  2  parts  of  lead  and  1  (if  tin  oonBt1tnt«a  p/Hm'irr'*  tnliW;  thfiM 

■  .in»  r<T»>n"'<l  pive  a  more  fintible  compound,  calli«i,/i>ni  tnldrr.    The 

jlo/od  in  Iho  mauulAvtaro  of  shot  u  combined  with  a  little  antcnic. 
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ANTIMONY. 
Atomlo  weight,  131    Symbol,  Sb  (Stibium). 

Toig  importnnt  mt-tal  U  found  chic-lly  in  the  stAto  of  sulphide.  Ti 
U  (roed  by  fusion  from  eai^liy  impurities,  ami  is  nfterw&rds  deoompod 
henting  with  luet&Uic  iron  or  potassium  u&rtiuuate,  which  retains  th4 
pliur. 

Antimony  has  a  bluish-white  color  and  strong  lustre :    it  is  extr^ 
brittle,  being  reduwd  to  [luwdiTwith  the  utmmt  ease.     Its  «pm;iflu  gT{ 
is  ti.8 ;  it  melts  at  a  temperature  just  short  of  redness,  and  bolU  and 
tilixtn  at  a  white  heat.     It  has  always  a  distinct,  crystalline,  platy  d 
tnre,  but  by  particular  management  it  may  be  obtained  in  crystals,  w1 
are  rhomboheiiral.*     It  is  not  oxidized  by  the  air  at  common  tem)H?rata 
when  strongly  hoatetl,  it  burns  with  a  while  Uame,  pro<lucing  oxide,  wl 
is  often  deposited  iu  iRiautiful  erystal.H.      It  is  dissolved  by  hot  hydrog 
rio  acid,  with  evolution  of  hydrogen  and  production  of  chloride, 
acid  oxidizes  it  to  antimonio  acid,  which  is  insoluble  in  that  liquid 

Antimony  forms  two  classes  of  com]>ouiids,  the  autiuioujous  compa 
in  which  it  is  trivalent,  as  SbCl,,  Sb,<)j,  SbjS,,  etc.,  and  the  antimonia! 
pounds  iu  which  it  is  quinquivalent,  as  SbC4,  Sb,Oj,  Sb,Sj,  ulo, 

CblotldeB. — Tlie  tridJoride  or  Anlivumioiu  Miride,  SbCl,,  formerly 
buittr  nj  itntitmmy^  is  produced  when  hydix>gen  sulphide  is  prepare<l  b^ 
Lsction  of  strong  hydrochloric  acid  on  antiinoiiiouH  sulphide.     The  im[ 
and  highly  acid  solution  thus  obtiiined  is  put  into  a  retort  and  distU 
until  each  drop  of  the  condensed   product,  on   falling  into  the  aqVI 
liquid  of  the  receiver,  produces  a  copious  white  precipitate.     The  rofljj 
il  then  changed  and  thu  distillation  continued.     Pure  antimonioua  chloi 
then  pwuies  over,  and  solidifles  on  oooling  to  a  white,  highly  crystal! 
mass,  from  which   the   air  must   be  carefully  excluded.     The  sajne  e 
pound  is  formed  by  distilling  metallic  antimony  in  powder  with  2^  ti 
its  weight  of  corrosive  sublimate.     Antimonioua  chloride  is  very  delia 
cent :  it  disaolTen  in  strong  hydrochloric  acid  without  decomposition, 
the  solution  poured  into  water  gives   rise  to  a  white  bulky  precipl 
which,  after  a  short  time,  becomes  highly  crystalline,  and  assumes  a 
fawn  color.     This  is  the  old  penrder  of  Alffnroil, ;  it  is  a  compound 
chloride  and  triozido  of  antimony.     Alkaline  solutions  extroct  the  e\ 
ride  and  leave  the  oxide.     Finely  powdered  antimony  thrown  into  cblm 
gas  takes  (Ire. 

The    PentiiMorirlt!  or  Aniimonic   chlnridr,  SIK^l,,  is    formed   by 
stream  of  clilorine  gas  over  gently  heated  metallic  antimony :  a  ml: 
of  the  two  chlorides  results,  which  may  be  separated  by  distillation, 
pentnohlorido  is  a  oolorl™s  volatile  liquid,  wliirh  fonns  a  orystalllne  o 
IH)und  with  a  small  jKirtion  of  water,  but  is  decomposed  by  a  larger  m 
tity  into  antimonio  and  hydrochloric  acids. 


•  On  eleelrolvzlni;  «  inlutlnn  of  one  pnrt  of  tsrtsrw-metlo  In  4  p«rt» 
Dinui  Flilnrlde  by  n  ■mull  buttery  of  two  elenientu,  anllmonjr  rnnnl 
«n(J  metilllc  copper  of  the  ncBntlvo  pole,  cruita  of  snMniony  ure  r 

poaacHM  the  remirktMe  proiierlv  of  cxploillne  rtnrt  citchlDg  fire  when  crack 

brokea.—Qore,  Proceedingt  of  Uie  Rovol  SoclctD,\»..  W. 


inrts  of  RBfl 
InOhe  poall 
obt dined,  %q 
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I  AntimonlonB    Bydildo.    Antimonetted   Hydrogen.     Stlbine, 

5M1,. — Wtit-D  iciuo  ia  put  into  a  solution  of  antiuiimii>u8  oxide,  and  huI- 
jibiirig  aij(i  mlilt^l,  part  of  thu  hydrogen  oouiliiiieii  witli  tlu-  iiiitiuj<m.v,  and 
Um  namlling  gas,  wliioh  is  a  mixturu  of  stibiue  with  free  hydrogen,  Imrns 
Tilb  a  grr«uiab  flauie,  giviug  rii>e  to  whito  fumv6  of  anliuioniuus  oxiilc. 
When  Uta  gas  ia  conducted  through  a  red-hot  glass  tulw  of  uarmw  dinun- 
ikna,  or  burned  with  a  limited  supplr  of  air,  us  when  a  cold  porudaiu 
taiUee  is  prt'ssed  iuto  lliu  llauiti,  luetalliv  antimouy  isdeiHwitcil.  On  pntia. 
inc  a  carr<^ut  of  autiuwuolled  hydro);en  through  a  Bolutiou  of  silver  niliale, 
a  black  precipitate  is  obUiine<l,  containing  SI>Ag, :  from  tliu  rorniiitii<n  of 
tUi  eompoDnd  it  is  inferred  th.it  the  gas  has  the  comiMwition  Sbll,,  nnalu- 
gaat  to  ammonia,  phospliine,  nud  arsiue.  There  ore  also  several  analogous 
<«n|K>nn<ls  of  antimony  with  alcohol-radiulea,  such  aa  Irimet/ti/lttiliiHe, 
JO(CUj„  trUtltylttiUue,  Sb(i;,Iij)„  elo. 

Ojidas. — Antimony  forms  two  oxides,  Si>,0,  and  Sh,0,,  analogous  to 
the  chlotidia,  the  lirst  being  a  basic  and  the  second  an  aeid  oxide,  also  an 
tB(<<nn«dtst0  neutral  oxide,  6l>,(»,.  The  Irioxiile,  or  Anlimotiioua  axult, 
Sb.ii..  ,K.:iir«  native,  though  rarely,  as  valmtitiile,  or  uliile  antimong,  in 
•  !  Irimelrio  crystals  ;  also  as  smnnnonlite  in  regular  ootohedrons : 

II  •  ••  dimorplious.     It  may  bo  prepared  by  several  methods  :  aa 

Irv  Laxuiu^  metallic  antimony  at  the  bottom  of  a  large  re<l-hot  crucible,  in 
which  raso  it  is  obtained  in  brilliant  crystals  ;  or  by  pouring  solution  of 
»i  .hloride   into  water,  and  digesting  the   rcsulliug  }ireoipitate 

I.  u  of  »o<lium    carbonate.      7'lie  oxide  thu»  ]iroduced  is  nuby- 

I  [Kill-  biiif-uolored  p<iwder,  fusible  at  a  re<l  heat,  and  volulilu 
-■■  I,  but  in  contact  with  air  at  a  high  temiierature,  it  absorbs 

i;i  ; 111^  changed  into  the  tctroxide.     When  lioiled  with  cream 

r  (acid  jiolassium  tartrate),  it  is  dissolved,  and  the  solution  yields 

"■ration  crystals  of  tartar  nnetic,  which  ia  almost  the  only  antimo- 

I  It  that  can  bear  admixture  with  water  without  decomposition.     An 

•  ■xide  for  this  pnriH«e  is  6ometinn-«  prepared  iiy  carefully  rousting 

'    !  sulphide  in  a  revcrberatory  furnace,  and  raiding  the  heat  at 

•  pnx-ess,  BO  as  to  fuse  the  prixluct :  it  has  long  been  known 

Litic  ^ioM  of  anthiu»ii/^  or  vitrum  untimonii. 

■.A  oxido   likewise  acts  as  a  feeble  acid,  forming  salts  called 

m;  .  Iiich,  however,  are  very  unstable. 

1       Thu  iHTjuuIr,  or  Antimouniumnlinifmic  oxide,  Bb^O,,  or  Sb,0,.SbjOj,  occurs 

natlrr  aa  cerrantitr,  or  anlitiujiii/  nclire,  in  Bcicular  erystals,  or  as  a  <Tiist  or 

I       It  Is  the  ultimate  product  of  the  oxidation  of  the  metal  by  heat 

:  it  is  a  grayish-white  powder,  infusible  and  non-volatile,  insoluble 

^•1    acids,  exwjit  when  re<M'ntly  precipitated.     On    treating   it 

ivcid  (acid  jK)lii.s»iiini  tartrate),  aiilinionious  oxide  is  dissolved, 

.\  remaining  Ixdiind  ;  and  when  a  !.olntion  of  the  tctroxido  in 

IL  acid   is  gradually  dropped   into  a   large  quantity  of  water, 

'  i.xide  ia  jirecipitatKl,  while  antimonic  acid  remains  dissolved. 

1  iid  similar  reactions,  it  has  been  inferred  that  the  tctroxido  is 

1  ..f  trioxide  and   iH'ntoxide.     On    the  other  hand,  it  is.somc- 

-  a  distinct  oxide,  because  it  dissolves  without  decompo- 
forming  salts  (often   calloil   nn/iinum'/M),  which  may  Im 

lid  state.     Two  jMitnssium  salts,  for  example,  have  been 

-  K,<  L.'^b.O,  and   K,0.iSb,0, ;  and  a  calcium  salt,  3(.'aO. 
1  naturul'miniral,  called  romrinr.     These  salts  may,  how- 

L  •  .ni.il  ««  t-tiiiiponniU  of  antinionates  and  antimonites  (coutain- 

i  l>  l.tis.  2(K,().Sb,(),)  =  K,O.Sb,()j-|-  KjO.ShjOj. 

'       Tli,    ,  .r  A'ltimnnir  nriilr,  Kl>j<)j,  is    ftprmed   as  an   insoluhle  hy- 

irtto  u  nitric  acid  is  miuli-  trtsvt  uj>on  metallic  anlitaouy  -,  tm^, 

1  33* 
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Atoffllo  weight,  12i.    SymbuL,  Sb  (Stibium). 

TniB  important  metal  is  fonud  chielly  ia  the  slate  of  snlphliie.     Thi»d 
is  freed  by  fusion  from  cartliy  impuritit>8,  ajnl  is  lUliTwanis  iltnxiniiH«<M{l 
heating  with  mutallio  iron  or  potaaitium  uarbonatv,  which  retkinii  Uw 
phnr. 

Antimony  hoB  s  bloisb- white  color  and  strong  lustre:    it 
brittle,  Iwing  r.'ducod  to  powder  with  the  utmunteose.     Its  uf  .  . 

is  6.8 ;  it  mell8  at  a  tempernturo  just  short  of  redness,  nud  Unb 
tilizes  at  a  white  lieat.     It  has  always  a  distinct,  crystalline,  platj 
turo,  but  by  particular  manapenient  it  may  Iw  obtained  in  crystall 
are  rhomlxihi.'ilral.*     It  is  not  i>.xidized  by  the  air  at  common  t<mi|H 
when  strongly  heate<l,  it  tiurns  with  a  white  tiame,  producing  nxida 
is  often  dejiosited  In  U.>antifnl  crystals.     It  is  dissolved  by  hot  hjr  ' 
rio  acid,  with  evolution  of  liydrogen  and  proiturlion  of  chloriile. 
•flid  oxidiies  it  to  antimonio  acid,  which  is  insoluble  In  that  liquid. 

Antimony  forms  two  classus  of  n»n[Hiunds,  the  ontinionious  compoti 
in  which  it  is  trivalent,  as  SbCl,,  8l),i  >,,  .Sb,S„  etc.,  ami  the  anlimouiot 
pounds  in  which  it  is  quinquivalent,  as  SbC'l^,  Sb,0|,  Hb,tj„  etc. 

Chlorides. — The  trirhlorirle  or  Antimonious  rliloriile,  SbCl,,  formerly  < 
hutlrr  of  untimoni/,  is  proiluced  when  hydrogen  snlphide  in  pri'|>"-..' 
action  of  strong  hydrochlorio  acid  on  antimonioiH  sulphide, 
and  highly  acid  solution  thus  obtalncl  is  put  into  a  retort  a: 
nntil  each  drop  of  the  condensed  proiluct,  uu  fallin);   intu  lli<>  ■•|Ut.« 
liquid  of  the  reueiver,  produces  a  copious  wtiito  prm^lpitatx.     The  recoil^ 
ia  then  changed  and  the  distillation  continued,     I'ureanii 
then  passes  over,  and  solidifies  ou  cooLin);  to  a  white,  i. 
moss,  from  which  the  air  must  be  enri'fuUy  excluded,      i  <>••  n. 
pound  is  formed  by  distilling  meUnllie  antimony  in  jiowder  with  : 
its  weight  of  corrosive  sublimate.      Antimonious  chlorii1»  '•  ••■"»•  M 
cent:  it  dissolves  in  strong  hydrochloric  auid  without  il.  i 

the  solution  poured  into  w.'iter  gives   rise  to  a  white  l>  i| 

which,  after  a  short  lime,  iHKHjmee  highly  erystnlllne,  an. I  j- 
fawn  color.     This  is  the  old  jtmntrr  nf  Alitirotk  :  it  l«  a  .  ..iii|-."ii..li 
chloride  and   trioxide  of  antimony.     Alkaline  solutions  i-xtrmt  i 
ride  and  leave  the  oxide.     Finely  imwdenil  antiioimy  llmiwu  into* 
gas  tak(>i  fli'e. 

The  J'l-ntnililnriJe  or  Aiilimonif  rhioriiir.  S\)fl„  is  formed  by  paasili||| 
stream  of  I'lilorine  gas  over  (r.uiu  I..11..I  i,.,<i>,ii:,'  !,iii,,..,..,v' 
of  the  two  ehloridcs  results,  «  - 
penlaohloride  Is  a  colurleH*  n.' 
pound  with  n  small  jmrtion  of  Mul.-f.  btit  ia  ditf-iUHMWiiJ  by  a  Urg<r  qa 
tUy  Into  anllnionic  and  hydriHihluric  auldk. 

•  On  «le«tnilyMn(  s  snluttno  of  one  psrt  of  lsrt«r.emetlc  In  4  )i«rf«  of  aatld 

nlnin  .Mntl.lo  l.v  ■,  .iii^ll  t.riU,  rv  (if  l»i,  ,-l.-r.i.-iit..  nlillii.,.»v  f,.rii.liir 
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knHmnnlona    Bydilde.     AnMmonetted   Hydrogen.     SUblne, 

'I    lixiu  is  {lilt  iiiUi  a  »»lutiuu  of  auiiiumiioua  oxide,  and  sul- 

id«l,  purt  of  the  hj-drogen  combini^  witli  the  auliuMinv,  and 

ijas,  which  ia  a  mixturu  of  Ktibim.'  with  frue  hydrogen,  liania 

-li   flame,  giving  risH  to  white   fuiufa  nf  aiitimouinua  uxidii. 

■uductt'd  through  a  reti-liot  glnsB  tubu  of  luirrow  diiiii'n- 

Mth   a  liuiil<.-d  BU|i]ily  of  air,  a.<i  wlipu  a  cold    ^Kirivlniu 

■  '     "   •  "line,  uietallic  antiiuimy  isileiKwitiul,     On  p.iKa- 

!  li.vdro);eii  through  a  miliitioti  of  silver  nitiiiti;, 

.  «' d,  ooiitainiug  St)Ag,:   from  the  forumlimi  of 

id  it  is  mterrud  tiiat  the  gaa  has  the  compiMitioii  t;b)l„  aiinlo- 

•nia,  [ihosphine,  and  ar«inv.    There  are  alau  eeversi  analogous 

{Muudo   of  antinKiuy    with   aUvihol-radidea,    such    as   trimttli^UtiLint, 

[VHfjf,  IritOiijlMihinv,  Sb(L',Llj),,  etc. 


Oxides. — Antimony  forms  two  oxides,  Sli,0,  and  Sl>,0„  analogoas  to 

the  oliloridea,  the  first  being  a  basic  and  the  second  an  acid  oxide,  also  an 

intermediate   neatral   oxiile,    i*li,U,.     The   iriujride,   or   Aniimimiouz  uritlt, 

FIj."..  occure    native,  though    r.ireiy,  an    mlmltnile,  or    irliile   anllmniii/,  in 

whito  triuielric  crvf tala  ;  also  as  trnnrmonliU  in  regular  octoliedrona: 

r.-fiirr.  dimorphous.     It  may  bi-  prepared  by  aevi'ral  niethcxU :  oa 

metallic  antimony  at  the  Iwitoui  of  a  large  red-hot  crueilile,  in 

t  is  obtained  in  brilliant  crystals  ;  or  by  pouring  solution  of 

chloride   into  water,  and    digesting  the   resulting  preiipitato 

n  of  iKvlinm   carbonate.      The  oxide  thus  produced  is  iinhy- 

1  ]■!<]'■  biitf -cl.red  piwder,  fusible  at  a  re<l  heat,  and  volatilo 

■  i     I     I    M       ijtoctwith  air  at  a  high  temperature,  it  absorbg 

lie  >  ■  h.iii^'  I  into  the  tetroxide.     When  lioiledwilh  cream 

.'I  )>ut.'iii!«ium  tartrate),  it  is  dissolved,  and  the  solution  yields 
'M  cryst:ils  of  tartar  tvtrticf  which  is  almost  the  only  antimo* 
h.  it  can  lienr  admixture  with  water  without  decomposition,     Au 

ui.  ■  fur  this  jiurpoee  is  sometimes  prepared  by  carelully  roasting 

ti.  '    '     '     in  a  reverberalory  furnace,  and  raising  the  heat  at 

til  ~o  as  to  fuse  (he  priKlnct :  it  has  lung  been  fcuoHU 

lii.  '   itiitistiontf,  or  vitrutn  utttiiiionii* 

iiki'wiHe  aet^  as  a  feeble  acid,  forming  salta  called 
a  ■  vcr,  aro  very  unstable. 

i/r,  or  jiiitimotmto-nntimimic  oxitUf  ^h,fi^J  or  SbjOj.SbjO^,  occurs 
riutilr,  or  aiitiiMunif  orJirr,  in  aciculnr  crystals,  or  as  a  crust  or 
id.  It  is  the  ultimate  prwluct  of  the  oxidation  of  the  metal  by  heat 
wit'.  It  isa  grayifih-wtiite  powder,  infusible  and  non-volatile,  insoluble 
■  -  -'  '  ...  ^vlien  n-wnily  precipitated.  On  treating  it 
-iiiiu  tartrate),  aiitinionious oxide  is  dissolved, 

iin.i  ;  and  when  a  solution  of  the  tetroxide  in 

is  J.'  i.ipprd   into   a  large  quantity  of  water, 


aeid 

MXi.lr. 


.  while  anliinonic  aeid  remaius  dissolved. 

ii-iu tii)ii»,  it  ha«  beeu  inferred  that  the  tetroxiile  is 

■   and   jwtiioxirle.     On    the  other  hand,  it  is.some- 

.1    lifilinct  ■  .luse  it  dissolves  without  decompo- 

formiiig   -  I    called   (/hIo/iohiVm),  which  may  I* 

I     '-'  i  .,.,  I --iiiin  salts,  for  exami>le,  have  W'en 

',  njid  K./i.-.'^li.O, ;  and  a  cabinm  salt,  3CaO. 
iiiicnil,  oill'd  mmeine.  These  salts  may,  how- 
mis  of  nnliiiioiiates  and  antimonites  (coiitailt- 
'  ■,)  =  K,".SI>,jO,4.  K,O.Sl>jO,. 

■  ",,  lai   form<.-d   as  an  inwAvAAe  \vj- 
;»ct  ujion  metallic  anluvtoay  \  mxA, 
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on  exposing  tliia  hydrato  to  a  lioal  uhortof  r(.<due8s,  ityiiJds  the  anhjrd 
pclitoxiile   as  a  palo  utraw-colorfd   pfiwder,  iiisolubli?  in  water  and 
It  is  ileoompnseil  by  a  red  ht-nt,  yielding  the  tetroxide. 

Hydrati-d  an tinionic  oxide-  is  likewiiso  oblaiuixi  by  decomposing  antin 
jM>nta<'liloridi.'  with  an  excess  of  water,  liydrocliloric  acid  Iwing  fonuedii 
the  same  timo.     Tlie  hydrat«l  oxides,  or  acids,  pr<Kluocd   by  the  two  ] 
o«89es  mentionwi,  differ   in   many   of  tlii-ir  properties,  and   eBpecialljnl 
their dejiortnient  with  bastes.     The  aoid  proiineed  by  nitric    acid,  raHti 
a  n  t  i  m  o  n  i  c  a  0  i  d  ,  is  monobasic,  pr<Kltu'in^  normal  salts  of  tho  form  )t,0. 
8b,0„  or  M3b<J,  and  acid  aalu containing  M,U.2Sb,< (5,  r)r  2MSl)0j.Sli,'i. .    1  lu- 
olher,  calleii  metnn  t  imonio  aoid  ,  is  bibasic,  forming  normal  ^ 
taining  2M,0.8b/)5,  or  M,Sb,0,,  and  acid  salts  containing  2M./^.l:^ 
MjO.SbjO,,  go  tliat  tlie  acid  metantimonat^s  are  isomeric  or  jxilymi 
the  normal  antimonates.     Among  the  metantimonates  an  acid  i>< 
Bait,  K./).Sbj()j.7H,0,  is  to  be  partieuhirly  noticed  as  yielding  a  precii'iiato 
with  sodium  salts  :  it  is,  indeed,  thoonly  reagent  which  precipitates  sodium. 
It  is  obtained  by  fusing  aniinionic  oxide  with  an  exo'.ss  of  ]Kila!<h  in  a  fcilrer 
crucible,  dissolving  the  fused  mass  in  a  small  quantity  of  uold  water,  and 
allowing  it  to  crystallize  in  a  vacuum.     The  crystals  consist  of  normal 
potassium  metantimonate,  2K,().SI>,0j,  and,  when  dissolved  in  pure  water, 
are  decumjiused  into  free  potash  and  acid  mutunlimonalo. 


* 


Snlpbldes. — Tho  trimlpliidf,  or  Antimonmui  nilphide,  SbjS,,  ocean  1 
as  a  lead-gray,  brittle  substance,  having  a  radiate<l  crystalline  tcxtH 
and  easily  fusible.     It  may  l>e  prepared  artificially  by  melting   together 
antimony  and  sulphur.     When  a  solution  of  tartar-timetic  is  precipitatf 
by  hydrogen  sulphide,  a  brick-red   precipitate  falls,  which  is  the  sa 
BQbstance  combined  with  a  little  water.     If  the  x>rocipitate  bo  dried 
gently  heated,  tho  water  may  be  exp<'llcd  without  other  change  of  oolnp 
than  a  little  darkening,  but  at  a  higher  temperature  it  assumes  the  color 
and  aspect  of  the  native  sxilphide.     This  remarkable  ch.inge  probably  in- 
dioatea  a  passage  from  the  amorphous  to  the  crystalline  state.     When 
powdered  antimonioua  sulphide  is  Ixiiled  in  a  solution  of  caustic  jMitash,  it 
is  dissolved,  antimonious  oxide  and  potassium  sulphide  lieing  produced; 
and  the  latter  unites  with  an  additional  quantity  of  antimonious  sulphid 
to  form  a  soluble  sulphur  gait,  in  which  the  potassium  sulphide  ia 
Bulphur-boHo,  and  the  antimonious  sulphide  is  the  sulphur-acid  : 

3K,0  +  2SbA  =  Sb,0,  +  3K,S.8l.A. 

Tho  antimonious  oxide  separates  in  small  crystals  from  the  boiling  i 
tion  when  the  latter  ia  couccntrate<l,  and  the  sulphur-snU  dissulvee  an 
extra  portion  of  antimonious  sulphide,  which  it  again  deiK>sitg  on  cooling 
as  a  red  amorphous  powder,  containing  a  small  admixture  of  antimonious 
oxide  and  potassium  sulphide.  This  is  the  l-rrrnn  tninrral  of  the  old  chem- 
ists. The  filtered  solution  mixe<l  with  an  aciil  gives  a  polassinm  salt, 
hydrogen  sulphide,  and  precipitated  antimonious  sulphide.  Kermea  may 
also  be  made  by  fusing  a  mixture  of  5  parta  antimonious  sulphide  and  3 
of  dry  g'Klium  carlKmate,  Iwiling  the  moss  in  SO  partd  of  water,  and  Alter- 
ing while  hot :  the  compound  separates  on  cooling.  The  comiKmnds 
antimonious  sulphide^  with  basic  sulphides  are  called  sMljihatitimunitt 
many  of  them  occur  as  natural  minerals.  For  example  :  linkcnitu,  Pfc 
SlijSj  ;  feather-ore,  2Pl>S.Sb,.S3 ;  iKiulangerite,  3PbS.SI),Sj ;  fahlore,  or  tet 
hedrite,  4Cn,8.Sb,8,,  tho  antimony  being  more  or  less  replaced  by  areei 
and  tho  e<jpper  by  silver,  iron,  lino,  bu<1  mercury. 

Tho  ptiitti.tul/ihiiir,  or  Aniimnnic  ntl/ilaiie,  Sb,Sj,  formerly  called  tvlfJiiir 
auratum,  is  also  a  sulphur-acid,  forming  salts  called  mlphantimonali-ii,  most 
of  which  hare  tho  composition  3M,S.S1>^,  or  M,SliS„  analogous  to  the 
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nnnii.^  iirthn]ihoaphate3  and  anieiiatei).    When  18  parts  of  finely  powdorod 

-rilpliidc,   IT  parts  dry  aixljum  corbountx,    18  purtx  slakixl 

,   (■■irts  snlphnr,  are  boilod  in  water  for  sotuii  liourK,  calcium 

;■',  KuJiuin  anlimuuato,  antimony  pvntaxulpliidc,  and  sadiuui  sul- 

r.-  pr\Mlut^>yl.     Tbc  liriit  is  insoluble,  and  the  lieeond  partially  80 : 

I  liodieA,  on  tile  contrary,  unite  to  form  liuhilile  sodium 

I  ;  Na^tiSj,    which    may  Iw   olitaiued    liy  evaporation    in 

I,  A    ^.,i,,ii,in  of  thia  sulxitj^nc*",  mixed  with  dilute  siU- 

)il  II  Kulphate,  hydrogen  sulphide,  and  antimony 

J.;  I ■•  a  golden-yellow  tlocculent  preiipitat*.'. 

The  aulphniiiiuionateti  of  the  alknli-metalB  and  alkaline  earth  metaU  are 
TrfT  "Kiltilili-  in  woler,  and  crystallize  for  the  taoat  part  with  Heveral  niolo- 
(i.  r.     TUoao  of  the  heavy  metalii  oro  Lnuolublu,  and  are  obtoiued 

l-.l    .  iJoU.  

Thf  ffw  iAlia  of  antimony  aoluble  in  water  are  distinctly  oharactcriied 
by  ibr  onuigo  or  brick-red  precipitate  with  hydrogen  sulphide,  which  is 
•>liilil«  in  a  twlulion  of  ammonium  sulphide,  and  again  precipitated  by  an 
adiL 

Autimaoiout  chloride,  as  already  observed,  is  decompased  by  iraler,  yield- 
ing a  prucipilate  of  oxychloriile.  The  precipitate  dissolves  in  hydroehlorlo 
trill,  and  the  resulting  solution  gives,  witli  //o/iin/i,  a  white  precipitate  of 
thoxide,  soluble  in  a  large  excess  of  the  reagent;  with  ammonia  the  same, 
iuMlubUi  in  excess  ;  with  potasfimn  or  todiuin  t:nrl>onatf,  also  a  precipitatu 
of  trioxide,  which  dissolves  in  excess,  especially  of  the  jKitashiuni  salt,  but 
MiviK.ir-  .ider  a  while.  If,  however,  the  solution  contains  turturic  acid, 
t!  ■•■  formed  by  potash  dissolves  easily  in  excess  of  the  alkali  ; 

iiii  :  :iis  bnt  a  slight  precipitate,  and  the  precipitates  forme<l  by 

tlkiJiiix  (jtrbouates  are  insoluble  in  excess.  The  last  meJitioned  charaeteli) 
ifx  likewise  ''xhibited  by  a  solution  of  tartar-emetic  (potassio-antiuionioub 
tartrate).  Zinc  and  iron  precijiitiito  antimony  from  its  solutions  as  a  black 
powder.  CufijiTT  pn-cipitates  it  as  a  shining  metallic  lihii,  which  may  be 
^,.1.1,, ..I  ..<r  \,y  jK)t3ssium  permanganate,  yielding  a  solution  which  will 
f  ;  icterislic  rwl  jireeipitate  with  liydrogeu  sulphide. 

uony-ctimijounds,  fused  upon  charcoal  with  sodium  carlxinate 
M  potassium  cyanide,  yi<dd  a  brittle  globule  of  antimony,  a  thick  white 
biiBc  being  at  the  same  time  given  olT,  and  the  charcoal  uovered  U>  some 
liitaaoe  aroand  with  a  white  deposit  of  oxide. 


B««M«  its  application  to  medicine,  antimony  is  of  groat  importance  in 

\\u-  an;    i>.>,'>,QQ(.h  as,  in  combination  with  lead,  it  forms  tyjMt-mrlal .     This 

>  1-  at  the  moment  of  solidifying,  and  takes  an  exceeding  sharp 

''  1  the  mould.    It  is  remarkable  that  1x<th  its  constituents  shrink 

uiijo  similar  circumstance*,  ond  moke  very  bad  castings. 

Rrii»iin(,\  metal  is  an  alloy  of  !'  parts  tin  and  1  part  antimony,  fi-eqnently 

"^  small  quantities  of  copper,  line,  or  bismuth.     An  alloy  of 

1   part  antimony,  and  a   small  quantity  of  copper,  forms  a 

''  "    r  •  r.     Alloys  of  antimony  with  tin,  or  tin  and  lend, 

maebinery-liearings  in  jilace  of  pun-metal.    Alloys 

'  •  :.  !... :..  I  and  with  silver  occur  as  natural  minerals. 

MiUnmnj  irisolphide  enters  into  the  oompusition  of  the  blue  signal- 
"Ktt»  uw,]  »i  st.».» 

*  Bill*  or  Benir>l  light: 

Dry  potasalum  nitrate 6pMrts. 

Sulphur I      " 

Anlimony  tri^ntithhlf \  \tftrt, 

All  lo  Uae  j'owJerf  AoU  Jnrttaately  njixriJ 
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ARSBNIC. 

Atomic  weight,  li.    ^Syml>ol,  A» 

AlBmc  is  sometimes  fonnd  natire :  it  oocura  in  coosidcraUH  qnan 
M  ■  constitufiil  f'f  -  -- •■  -.■,—;'      .,.,..;-.,|  ^j,),  n,,.,   ' 
totygcu.     In  tlir  ON  iiiJ  in  \vi 

in  n  I'fi-at  muny  Uii;.   --i  .;-      :  -  -     .-^l  pr»j|Mirtit':.  ., 

|L<  I  nAliirat  arfvnKlvs  of  iKin,  lUiikt'l,  nnil  cohnlt.     Th4 

tiuii  ■  !i>d  ill  »  rovt-rberalory  tiirnaiv,  nml  tin?  volnlilr  |ini<U 

ooudfUAixi  lu  tt  Iniig  and  nt^arly  borixoatal  chimney,  or  iu  a  kind  cf  to 
of   brickwork,  dividevl   iiitt.i    numurou*  olinnilH>ni.      The  crudo   srecnid 
oxidv  thuB  produonl  ie  purifiwl    liy  sublimation,  and    then    hi-nt4-d  will 
otioxcoal  in  a  ri-tort ;  tliu  uictal  Is  rc<iiic<-il,  and  n-ailily  KubliiiinM. 

Arst'nio  has  a  strd    i   !  '  ■  -li  uixtallir  lustre:  it  iii  crystalllM 

and  vory  britlli' ;  r  Init  uinv  I*  jiri-servcd  unrhang«d 

in  puro  wat<'r.     It-    .  -t.iti-,  is  5.7  to  5.9.     When  bnati 

it  volatilizes  wilhuiit  fusion,  and,  if  air  Ix-  pri«(-nt,  oxiiltzii)  to  arst?ni« 
oxidx.     Its  vajKir-di'iisity,  cximparutl  with  that  of  hy<lr<'gi,'n,  is   15(t,  wl" 
is  twin.'  its  atomic  weight,  iso  that  its  molccuU'  in  Ibr  gnxt'ons  slatr,  III 
that  of  phosphorus,  occupies  only  half  the  volume  of  a  uioleculti  of  bj 
gwn  (p.  "iJb).     The  vapor  has  the  o<ior  of  garlio. 

Arst<nio  combinvM  with  mptals  in  the  game  manner  as  sniphnr  atid 
phosphorus,  which  it  r<-semblcs,  espctinlly  the  tatter,  In  many  rvspvrls : 
indeed,  it  is  often  r«>garded  as  a  metalloid. 

Arseiiie,  like  nitrogen,  U'haves  iu  mc«t  respects  as  a  triad  eltinrnU  1 
bein),'  rapable  of  uniting  with  more  than  three  atoms  of  any  ona 
clement.     Thus  it  forms  the  compounds  Asil,,  AsClj,  AsBr,,  etr.,  Vitt' 
compound    analogous    to    the  j>entachloride  of   phospborun    ■  - 
But  Just  as  auimoiiia,  NU],  can  take  up  the  elements  of  hydr 
to  form  snl-annnoniac,  NH,C1,  in   which  nitrogi'U  appear*  <\<\ 
so  likewise  can  arsenetted  liydrogen  or  amine,  Asll,,  unite  w 
rides,  bromides,  etc.,  of  the  radiijes,  methyl,  ethyl,  etc.,  to  f... ... 

vrhioii  tho  arsenic  appoars  to  be  quinquivalent,  «.  </. : — 

Arsenetbylium  bromido         .         .         .     ABn,(r,nj)Br, 
I  Ar&onmethylium  chloride       .  .         .     .Aslli(C'll,)n. 

Inlikomnnner,  arsentrimethyl.  AR(rH,)v  nnitefwilb  i' 
thyl  and  ethyl,  forming  tho  comp'-nnils  A»"(CH,i,l'l  and  .'■ 

Amenie   likewise   forms   t»' 
ftrsenio  oxide,  AB,f>„  with  coi 

pll.r,   •.--.■-:       ^,1,1    phnnphorie   ■  lillO ni:-         iiw     m  ->  ■■  ■!■  r^.    I"    i  ■•" -■ , 

i».  !  i\  ith  tho  orthophuspliates,  and  nwerablo  tlicm  closely  in  nu 

Olli.  ,    -       ,  --. 

AiBenloua  ChloriCe,  AkHj. — ^T1it«,  tho  only  k-nnwn  rhlnridn  of  araat 
is  Jl^Jdue^•d,  with  emission  of  beiit 
thrown  into  chlorine  c«».     It  Is  pi 
of  .     ■   "■  '    ■         ■ 

•rv 

811 1  i 
d. 

ill/ 
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Hydrides. — Argpnio  forms  tiro  hydrides,  oontaining  2  and  3  atoms  of 
k;(lrvf,'<a  ourabinol  Willi  1  atom  of  areenio. 

T!ir  Inhfdridt,  Artrtaoiu  ki/tlniir.,  Amtnetltd  hyhogen  or  Ariine,  AsH,,  an- 
oas  in  <»m]>oaitii>n  to  aiuiunnia,  y)liu8|ihiut-,  and  gtiliiiii<,  is  obtained 
■nr  by  the  action  of  strong  hydrocliloric  avid  on  an  alloy  of  equal  parts 
*Af  line  and  ars^^nic,  and  is  produced  in  greater  or  li^Hex  pru]>ortiun  wlieiiever 
1  is  set  free  in  oODtaot  with  arsenious  a<}iil.  Arsenetlnl  livdrugen 
-  '•->  of  speci&o  gravity  2.(iU5,  slightly  Holulile  iu  water,  and 
of  garlic.  It  burns,  when  kindle<i,  with  a  blue  dame, 
r.iiia  acid.  It  is  aUo  deuomposod  by  trausiui;isiou  tlirougn 
(r«d-hot  tnbc.  Many  metallic  solutions  are  precipitated  by  this.  sub»tanue, 
Wtum  inhaled,  it  is  exceedingly  poisonous,  even  iu  very  minute  quaulity. 

AsU, 
The  diAfdride,  AsH^  or  rather  As,H,=  |        ,  is  prodaoed  by  passing  an 

AslI, 
elactric  current  Ihrongh  water,  the  negative  pole  In-ing  formed  of  metalUo 
aisenic;  also  when  potassium  or  s<Miium  arsonide  is  dissolvuil  iu  water. 
It  it  a  brown  pow<ler,  which  gives  otf  hydrogen  when  heattnl  in  a  close 
Teuel,  and  buriu  when  heated  in  the  air.  It  is  analogous  iu  composition 
toarsendimethyl  or  caoo<lyl,  A.«j(C'Uj),. 

Ar^-nlf^ij*    Oslde,  Aold,   and    Salts. — .Irstniom  oxide,   ASjOj,    also 
c  nV/e  oj  oiicnic,  is  proJuceil  in  the  manner  already  mentioned. 

!■■  ly  met  with  iu  the  form  of  a  heavy,  white,  glossy-lookiugsub- 

tLwiee,  Willi  smooth  uonchoidal  fracture,  haviug  evidently  undergone  fusion. 
Whan  (re^hly  prepared  it  is  often  transparent,  but  by  keeping  becomes 
opaijn*,  at  the  same  time  slightly  diminishing  in  density,  and  acquiring  a 
prater  dcyrve  of  solubility  iu  water,  lutl  parts  of  that  iiquid  dissolve  at 
I""  '  ;■  11.5  parts  of  the  opa<]ue  variety;  the  larger  portion  separates, 
li  t'ooliug,   leaving  utxiut  three  parts  di.ssoU'ed :   the  solution, 

"!  ..ns  ur«-niuiu  uciV/,  feebly  reddens  litmus,     fold  water,  agitated 

«Uh  powdered  arseuious  oxide,  takes  up  a  still  smaller  quantity.  Alk.aliea 
dissuivs  this  substance  freely,  formiug  arseuites ;  coinpuunds  with  ara- 
noaia,  baryta,  atrontia,  lime,  magnesia,  and  manganous  oxide  also  have 
Wo  fonne<l:  the  silver  salt  is  a  beautiful  lemon-yellow  precipitate.  Thn 
WMnittis  are,  however,  very  unstable.  Those  which  have  the  composition 
li,AiO,,  or  3.\l,0. .VsjOj,  are  reganled  as  normal  salts;  there  are  also  arso- 

DitaoouUi ■  \!   ^-  '"i,  or  ::M,O.A»jO„  ami  MA»(»,,  or  M,O.Ab,Oj,  besides 

tdd salts.     A  xido  is  easily  soluble  in  hot  hydroi^hloric  acid.     lU) 

vapor  tj  coliT  nuxlorous,  and  it  crystallizes  on  solidifying  in  hril- 

Uani  transparent  octohedrons.  The  oxide  or  acid  itself  has  a  feeblu  sweet- 
ish and  astringent  taste,  and  is  a  most  fearful  poison. 

Arsanic  Oxide,  Acid  and   Salts. — When  powdered  arsenious  oxlda 
il  <li»iilv<iil  in  hot  hydnK'liloric  »<  id,  and  oxidized  by  the  addition  of  nitrio 
»i'l,  llie  Litter  lieing  adde'l  as  long  as  red  vapors  are  produced,  the  whole 
■•■n  i-xiitionsly  evaporated  to  complete  dryness,  and  tlio  residue  heated  to 
r*''  arsenic  oxide,  ASjOj,  remains   in  the  form  of  a  while  anhy- 

'  ^  11  hich  has  no  actiim  ujwn  litmus.     When  strongly  heoted.  it 

!»•— i.-.!  into  arsenious  oxide  and  fre<?  oxygen.  In  water  it  dissolves 
lUiwljr  Imt  com])letely,  giving  a  highly  acid  solution,  which,  on  l>eing 
#rai>ur»twl  to  a  syrupy  consistence,  dejiosiLs,  after  a  time,  hydrated  crys- 
l.iW  i.f  u»enio  ain'd,  containing  2H,AsO,.H;0,  or  3U,<>.A8,05  4-  Aq.  These 
c'.uuli,  when  heated  to  ItMP,  give  off  tlieir  water  of  crystallization  and 
'tavH  ini^ric  artejiatr,  H,AbO„  or  3H,O.A»,Oi;  at  14ua-160O,  tlihr/ilrie 
'""<>'«,  li.ASjl),,  or  2HjC».As,<l„  is  left;  and  at  2G(»c>,  miiiiolnjdric  arnemitt, 
MAbOj,  or  U./>..\«,05.  The  aqueous  solutions  of  the  three  hydrnti-s  snd 
of  the  luliydrous  oxide  exhibit  uxactiy  the  same  oharacU'ra,  auil  a\V  W>U- 
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lain  Iriliydric  arsenate,  the  other  liyrtrjiteg   iH-iiiii!   '\r- 
iuto  that  coiiipouiiii  wlicii  ilissolrnl  in  water  ;  in  Mn 
of  arsunio  oxide  ditlvr  xsaentiallr  (nmi  those  of  ph^-j 

Artiiinic  oi'id  ia   a  very  (wwerful  acid,  forming  saila   i«uuiiir|>h>iu:i  wid 
the    (.v)rri<K]Miiiding    phnaphat4>!i :    it    is   uIho   triboaiu.      A   vflium  nrunt^ 
Na,HAii<),.l;2II,o,  undixlingiiiKhnlilv  iu  apiH^iiranrf  rroiii  (vuim"n  vudic 
p)iogphat<;,   may    Im-  prepared    by  sliding   tlix   (.iarlK>nnte   to  a  sulutiou 
arseuiu  ai-id,  until  an  alkaline  reaction  in  ap)>arent,  and  II 
This  unit  also  iTyst«lliie«  with   7  nioleculis  of  wati>r.     A 
Na,A»0,.121I,t.),  is,  iiroduced  wlien  sodiniu  uarhoiiate  iuexi.  . 
orsuuic  Ofid,  or  when  the  preoodiug  sail  is  mixed  with  vBUStic  B«l«. 
third,  Nall,AsO,.H,0,  is  uode  by  substituting  oil  ex(><»8  of  arscnir  ad 
for   the  solution  of  alkali.     The  alkaline  arsenates  whiidi   uoutain    ha 
water  lose  the  latter  at  a  rt>d  heal,  but,  unlike  the  plio<ip)iatei<,  r<>txii» 
it  when   again  dissolved.     The  arsenates  of  the   alkalies   are  solubin 
water:  those  of  the  earths  and  other  metallic  oxides  arc  insoluble,  but  . 
dissolved  by  acids.     The  precipitate  with  silrer  uilrale  is  highly  i 
teriBtio  of  arauuio  acid :  it  ia  reddish-brown. 

Salphldes. — Two  sulphides  of  arsenic  arn  known.  The  duvtjt 
AsjiSj,  wours  unlive  as  Rnilgar,  it  is  formed  arlitlcially  by  heating  , 
acid  with  the  proper  proportion  of  sulphur.  Il  is  an  orange-re<l,  fuilti 
and  volatile  sulislanee,  employed  iu  painting,  and  l>y  the  prrotechniat  ^ 
making  w/iiVc  yir«.  The  Ir'nndfiliidt  or  artrmuui  tuliihida,  A 
native  as  (hjiimeni,  and  is  prepared  artificially  by  fusini: 
appropriate  ipi.-intity  of  sulphur,  or  by  precipit:i'"'  ■  "  ■" ■■' 
acid  with  hyilrngen  milphiile.     It  is  a  gold«n->'  i«n« 

fusible,  and  Volatile  by  hi'af.     A  cold  solution  >  mm 

diately  precipitaUxl  by  hydro};cii  sulphide,  Vint  alter  some  limirs  the  soil 
tion,  saturated  with  hydrogen  sulphide,  yields  a  light  yellow  deiiosit  I 
sulphur,  the  arsenio  acid  Iwiug  reduced  to  arsenious  arid,  which  ia 
gradually  converted  into  lemon-ytdlow  arsenious  sulphide.  Iu  lioili^ 
solutions  the  ]iri'<^ipitation  takes  place  imnimliulely.  The  mixture  of  i 
phur  and  trJKulphide  thus  produced,  was  formerly  r(.>ganled  aa  •  pmlj 
sulphide  anulogouH  to  .'t-rsetuc  acid. 

The  disiilphide  and  trisiilphide  of  arsenic  are  snlpliDr-aciii-i  unltinK  <ri^ 
other  miitallic  sulphidi-s  to  form  sulphur  salts.  Those  of  the  diitulpbU' 
aro  called  hy  posul  pharseni  tea  ;  they  are  but  little  known.  ~ 
salts  of  arsnnlous  sulphide  are  call <.hI  su  I  phar»eni  te<>.  Their  enmr 
BJlion  may  Iw  repriiientivl  by  thai  of  the  jHitassluin 
KjS.Aspi,:  K,As,!<j,  or  2Kj.S.ASj8, ;  and  K.Afl.S,,  or 
the  bibajiic'salts  are  the  most  common.  The  xulpli  < 
metals  ahil  alkaline  earl li-meUils  are  soluble  in  h 
pared  by  digesting  arHenii>u>  nolpliide  in  theMilutlnii 
hydritea  or  sulpliydrati^s  :  the  reit  are  inviluble,  and  are  otilail 
precipitation.  Sulphur  salt*,  called  »u  1  pharsen  a  I  ex  ,  analoj 
oom|»isiti<m  to  the  arxeuales,  are  produced,  in  lik' 
the  mivtiire  nf  iciilphur  ami  orxeiiious  sulphide  | 
metii' 
drat 
ars' 
K,\- 

Th-        , 
aolahlc  in  wattsr ;  U>«  rtiat  ar*  uuulnblu,  and  axw ubtiuai«t  by  preripliattt 

Ant'tilottM  Add  ia  distinguished   bjr  ukanwten  whluh  ( 
dcnltxxi. 
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c./r»*  i.'iimtf,  mix(r(l  with  a  solntion  of  arseniouB  »ci<l  in  watur,  (X'casionii 

II  r,  or  merely  n  faint  oloud :  but  if  a  little  fixml  alkali,  or  a 

'.  iioiuA,  be  oaliltfd,  a  yellow  precipitate  of  silver  arsenito  imme- 

I  illb.     Tiio  pr<u;ipitat«  is  ex«>edi]igly  Holublu  in  excess  of  amiiiunia  ; 

iiii'i   roust,  tlierefure,  be  added  with  great  caution;  it  ia  likewise 

in  nitric  acid. 

■utr  girttt  no  precipitate  with  golatinu  of  arsenious  acid,  until 
ha:9   been  ma<le  of  a  little  alkali,  when  a  brilliant  yellow- 
tate  (Scheele'a  green)  falls,  which  also  ia  very  soluble  in  ex- 
itia. 

il/Jiidf,  pas8(<d  into  a  solution  of  arsenious  arid,  to  which  a 
liydrofhioric  or  sulphuric  ooid  have  been  added,  throws  down 
t  ui|iiuu^  tjright  yellow  preuipitat«  of  orpiment,  which  is  easily  dissolved 
iif  *uiinc>nia,  and  reprecipital>>d  by  aci(h). 

:ii'jua  oxide,  heated  by  the  blow-pipe  In  a  narrow  glass  tulie 
«  iraguir-nLi  of  dry  charcoal,  affords    a    sublimate  of  melallio 

»r*  ....    ...  ....•  sbnpo  of  a  brilliant  sluel-pray  metallic  ring.     A  portion  of 

litis,  detocliutl  by  the  point  of  a  knife,  and  heated  in  a  second  glass  tubo, 
«illi  »crfsi  of  air,  yielils,  in  its  turn,  a  sublimateof  colorless,  transparent, 
octoliedrsl  crystals  of  arsenious  oxide. 

All  those  experiments,  which  jointly  give  demonstrative  proof  of  the 
prwrice  of  tlie  4ulwtanc«  in  question,  may  be  performed  with  perfect  pro- 
cuion  and  certainty  upon  exceedingly  small  (|uantities  of  material. 

T'      '.   ■  T  arsirnions  acid  in  complex  mixtures,  containing  organic 

r  II  salt,  as  beer,  gruel,  soup,  etc. ,  or  the  Hiiid  contents  of 

I  - !=•«  of  poisoning,  is  a  far  more  difficult  problem,  but  ono 

-,  uiifortunatfOy,  often  required  to  l>e  solveil.   Those  organic  matters 
r.-  complel^^ly  with  the  liquid  tests,  and  render  their 
Uiilicitions  worthless.    Sometimes  the  difficulty  may  Im!  eluded       F'B-  '6T. 
W  t  tiilis;.-nt  search  in  the  susfiected  liquid,  and  in  the  vessel 
1 .  lor  fragments  or  iiow<ler  of  «ilid  arsenious  oxide, 
Its  small  degree  of  solubility,  often  escape  solu- 
-.u,  sii'i    .i..m   the   high  density  of   the   gulistanie,  may  Im> 
I  at  the  bottom  of  the  vessels  in  which  the  lluids  are  ron- 
ir  anything  of  the  kiml  l>e  found,  it  may  be  washed 
V  d«caiU«tiun  with  a   little  cold  water,  dried,  and  then   re- 
4s«rd  with  oliarooal.     Kor  the  latter  purpose,  a  small  glass 
-  uken,  having  the  figure  representtnl  in  the  margin  ; 
leriuau  glass,  free  from  lead,  is  to  be  preferred.     The 
uvruMus  oxide,  ur  what  is  suspected  to  be  such,  is  dropped 
to  the  bott<iui,  and  covered  with  splinters  or  little  fragments 
U  rK»r — 1    (i„>  tub«  being  filled  to  the  shoulder.     The  whole 
iletl,  to  ex(iel  any  moisture  that  may  be  present 
i!i  mI,  and  the  di<(M>sited  water  wiped  from  the  inte- 

rior of  the  lulx!  with  bibulous  paper.     The  narrow  part  of  iho 
tube  oontaining  tlie  eharconJ,  from  a  to  b,  is  now  heated  by  the 
Mow-pipe  tlame  ;  when  re<l  hot,  the  tube  is  inelinwl,  so  that 
lh«  bottom  .ilso  iu:iy  be<'4ime  heated.     The  arsenious  oxide,  if 
yuauBt.  is  vaporiieil,  and  nvlucwl  by  the  charcoal,  and  a  ring  of  metallio 
MMBio  de[Misiteil  on  the  wkjI   part  of  the  tube.     To  ctmiplote  the  experi- 
B»ni,  the  tulw  may  be  melte'l  at  o  by  the  point  of  the  tiame,  drawn  off, 
■lod,  and  the  arsenic  oxiiliicd  to  arsenious  oxide,  by  chasing  it  np 
.    i..wn  by  the   heal  of  a  small  spirit-lamp.     A  little  water  may  after- 
*».rd«  ba  lntro<luced,  and   boilwl  in  tlw  tube,  Jiy  which  arsenious  oxido 
•ill  be  dUsolveil,  and   to  this   solution    the   U>»t8  of  silver   nitrate  and 
lia,  copper  snlphate  and  ammonia,  and  hydrogen  sulphide,  may  be 
■1. 


I 


When  the  search  for  solid  srsenioiu  oxide  fails,  the  liquid  itself  most  1 

examined  ;  a  tolerably  limpid  solution  muat  be  dbtuiued,  from  wliioli  the 
anienic  may  be  preoipilated  l)y  hydrogen  Balphiile,  and  the  orpiiuent  col- 
lected, and  reduced  to  the  metallic  utate.  It  is  in  the  lifflt  part  of  this 
operation  that  the  chief  dit&cuUy  iii  found  :  such  organic  uiixtures  refuse 
to  filter,  or  filter  so  slowly  an  to  render  bume  method  of  acceleration  indis- 
pensable.* Boiling  with  a  little  caustic  potash  or  acetic  acid  u  ill  M<me- 
timus  efl'ect  this  object.  The  following  is  an  outline  of  a  plau  which  has 
keen  found  successful  iu  a  variety  of  cases  in  which  a  very  small  quantity 
of  arseoious  acid  had  Ix-eu  purposely  added  to  an  organic  mixture  :  Oil  o( 
vitriol,  itself  perfectly  free  from  arsenic,  is  mixed  with  tlie  snsp 
liquid,  iu  the  proportion  of  about  a  measured  ounce  to  a  pint,  having 
previously  diluted  with  a  little  water,  and  the  whole  is  iKiiled  in  a  Sit 
for  hair  an  hour,  or  until  a  ixmiplete  separation  of  uoliil  and  liquid  i 
becomes  manifest.  The  acid  converts  any  starch  that  may  be  present  i 
dextrin  and  sugar  :  it  roiupletely  ooagulates  albuminous  s  u  beta  noes,  i 
otisein,  in  the  case  of  milk,  and  brings  the  whole  in  a  very  short  time  i 
B  state  in  which  filtration  is  both  easy  and  rapid.  Through  the  Alt 
solution,  when  o<ild,  a  current  of  hydrogen  sulphide  is  transmitted, 
the  liquid  iswarminl,  to  facilitate  the  deposition  of  the  arsenious  eulphii 
which  falls  in  combination  with  a  large  quantity  of  organic  matter,  wl 
often  communicates  to  it  a  dirty  color.  This  is  collected)  upon  a 
filter,  and  washed.  It  is  next  transferred  to  a  capsule,  and  heated  wit 
mixture  of  nitric  and  hydrochloric  acids,  by  which  the  organic  impuriti 
are  in  great  measure  destroyed,  and  tlie  arsenic  oxidized  to  arsenic 
The  solution  is  evaporated  to  dryness,  the  soluble  part  taken  up  by  dils 
hydrochloric  arid,  an<l  then  the  solution  saturated  with  sulphurous  i 
whereby  tli«  arsenic  aciii  is  rwiueed  to  the  state  of  arsenious  acid,  the  ( 
phurous  being  oxidized  to  sulphuric  acid.  The  solutiou  of  arsenious  t 
nioy  now  be  precipitatinl  by  hydrogen  sulphide  without  auy  diffimlii 
The  liquid  is  warmed,  and  the  precipitate  washed  by  decantalion, 
dried.  It  is  then  mixeil  with  hlarJc jIilt,  and  healetl  iu  a  small  glass  ta| 
similar  to  that  alrwidy  describwl,  with  similar  precautions  ;  a  ring  of  l 
duced  arsenic  is  obtained,  which  may  Im  oxidized  to  arsenions  oxide, 
further  examined.  The  black  flux  is  a  mixture  of  (wtassinni  carbonM 
and  charcoal,  obtained  by  calcining  cream  of  tartar  in  a  oloaeomoili 
the  alkali  transforms  the  sulphide  into  arsenious  acid,  the  charcoal  sob 
qiiently  elfecting  the  deoxidation.  A  mixture  of  anhydrons  sodium 
bouate  and  charcoal  may  be  snlistituted  with  advantage  for  the  comn 
black  rtux,  as  it  is  l<>ss  hygroscopic. 

Dther  methods  of  proceeding,  different  in  principle  from  the  foregoin 
are  also  employed,  as  that  of  the  late  Mr.  Marsh,  which  is  exceeding^ 
delicate.  The  suspected  liquid  is  acidulatetl  with  sulphuric  acid,  and 
plaot^  in  contact  with  metallic  zinc ;  the  hydrogen  reduce.<*  the  arsenious 
auld  and  combines  with  the  arsenic,  if  any  be  present.  The  gas  is  burned 
at  a  jet,  an(J  a  piece  of  glass  or  porcelain  held  in  the  flame,  when  any  ad- 
mixture of  arsenetted  hydrogen  is  at  onw  known  by  the  pr»»duction  ofj 
brilliant  black  metallic  sjKit  of  reducMl  arsenic  on  the  pircelain  ;  or  < 
gas  is  passed  through  a  glass  tulw  heated  at  one  or  two  places  toredne 
whereby  the  arsenetted  hydrogen  is  decomposed,  a  ring  of  metallic  araenio 
appearing  behind  the  heated  portion  of  the  tube. 

It  has  been  oliaerv><d  (page  '^h'^)  that  antimonetted  hydrogen  grlrrs  a 
similar  result.  In  order  to  distinguish  the  two  sniistances,  the  gaa  may 
Ih?  passed  into  a  solution  of  Rilvep  nitrite.  B<ith  gases  give  rise  to  a  Ida 
precipitate,  which,  in  the  ca.se  of  antimonetted  hydrogen,  oonaists  of  siW 

*  Reipeeling  the  separation  of  the  arsenious  acid  by  dlaljrsls,  see  pa(e  141. 
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(ntlmrmMr,  A^.^h,  whilst  In  the  ca»e  of  aracnetted  hydrogen,  it  ia  pure 
ill  ug  tlion  uriuvvrttnl  into  nrsi-nioua  ocid,  which  coni- 

I  li  'ilin'r  nsidf.     Thx  Hilrer  nrsuuito  rumaitiH  dis^ulrod 

|<<  I'ltation  of  the  silviT,  and 

■11'  'jolor  by  adding  auiuouia 

J  I.  .^   ,„.-., J,. iatf. 

ITi  fully  wanlied,  Fig.  lU. 

,  .  '  I'ln  of  tartaric 

■ids   a   solntion   oontainin^   antimony  only, 
hydrojjiiu  siilphidt?  scparateg  thi;  charae- 
urange-yellow  precipitate  of  antimonioUD  8ul- 

■  firm  of  Marsh's  Instrnnicnt  i»  that 

it  eon»isLs  of  a  bfiil  tul»',  haviii;;; 

....  ujion  il,  fitted  with  n  aloprock  and 

n  Slips  of   zinc  are  put  into  th<?  lower 

I  1  ig  afterwards  filli-d  with  the  liquid  to  he 

lid.     On  ri'plai-Jng   tho  iit<i|)oook,  closed,  the 

><-!«  and  fiircus  the  liquid  into  th>.'  nppi>r  hulb, 
"  I'.v  Hi  liyilroBtalii!  pressure,  and  cx- 

j  ■  mh  tlio  jet  so  8«in  as  the  sli'iiiv-k 

I,"  "j.-i.!  1.  II  iimst  lie  Uime  in  mind  that  both  eom- 
mon  aiiic  and  siilphnric  aeid  often  contain  traees  of 
ancnic.  I'rofessor  Blox.iiu*  has  proiKjsed  an  im- 
portaDt  modilleation  of  Marsh's  prucfits  for  the  dn- 
t«cli.-rn  of  arsenic  and  antimony  in  organic  siih- 
tt- 
11. 
I: 


-h  is  l>a8e<l  on  the  behavior  of  solutions  of  these  metals  under 

•  of  the  flix-trir  eurrent.      Antimony  is  depo.iited  in  the  metal- 

niiapeiuent  of   antimonetted    hydrogen,    while 

t..rd  hydrogen,  whieli  may  lie  recognised  by  the* 


I 


I  in  the  poisoned  llqnid,  previonaly  acidulated 
Tt  I  iidrawH  the  arsenic,  and  l>ecotu«8  eovered  with 

a  irhit<i  alloy.     By  healing  the  metal  in  a  glass  tube,  the  arsenic  is  ez- 
poUod,  and  oxidized  to  arseuiuus  avid.     Tliia  ia  called  Ueinaah'a  teat. 


BISMTTTB. 

Atomic  weight,  210.    Symbol,  Bl. 

Ihsai'Tii   !•  formd  chiefly  in  the  metallic  stjite,  div^'minated  through 

■  nwhirh  It  is  separatftl  by  simple  exposure  to  heat.     The 

'  vslslline  and  very  brittle  :   it  has  a  reildish-white  eolor, 

'•       '.lis  of  great  beanty  may  lie  obtained  by  slowly 

■  r  this  Kiilwtanre  until  solidifloation  has  coin- 

rUBl.  and   pouring  out  the  fluid  residue.     Bis- 

(.1000  K,)^  »nd  volatilizes  at  a  high  tempera- 

•iiig  the  most  dlamaRnetic  of  all  known  liodie«. 

i  by  111.,  iiif,  hut  burns  with  a  bluish  flamo  when  alrougly 

id  Mmiewhat  dilnt.xi  dissolves  it  freely. 

three  riasnes  of  compounds,  in  which  it  is  hi-,  tri-,  and 

periivoly.     The  tri-oompounds  are  the  most  stable  and 


4 


M 


•  Joiuaal  of  Ibe  Cbrmicjil  Society,  xlll  S3S. 
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(hn  moat  nnmeroiu.     The  only  known  cnmpooudii  in  whioii   liitmuth 
quiinjuivnU'Dt  are  indeed  tlio  p«utuxide,  bi,(.lj,  tog«ther  with  Dim   c«>r- 
Bponiliiig  aciil  and  motallio  niilljt.     Koviii-iIkiIi'ss,  bismutli  i»  rogurdcd 
pontad,  iiu  account  of  tlio  analogy  of  it*  cumjiouniiit  wilb   tliuat-  of  i 
monv.     Sc'voral  bismuth  (yunjiounda  aru  Icnown  in  which  the  metAl  li 
putvlilly  bivalent,  but  roall,v  triviUent,  as; — 


BiCI, 
Bi,Cl„  or   I        ;  Bl,0„ 
UiCl, 


B 


-0 

\czo 


,  eto. 


Chlorides. — The  trichloridt,  or  Bimmthoiu  chlnriilr,  is  formml  when  I 
niuth   ia  hralvd  in  a  current  of  chlorine  gas,  r'"'    ;.'"-""  ••'■'•'  '* 
i>a»ily  fusibti-  sulmtiiiuui,  wliii'h  rMtt<liljr  attrari 
is  convcrlwl  into  a  (-ryslallizod  hydrtttc.     Tln'  - 
when  bismuth  is  dissolved  in  nitro-aiuriatic  acid,  Bod  Ui«  solution  fv»|| 
rated.     Bism\ithou»  chloride  dissolves  in  water  containing  hydnxrhlu 
acid,  but  is  decomposod  by  pure  water,  yielding  a  white  precipllalo  of  <it 
chloride  — 

BiCl,  +  H,0  =  BICIO  +  2IIC1. 

The  dicliloridr,  Bi,n,,  produced  by  lu-ntinK  tli  ■  •-■.•.'  -:'-■  — ;•' 
bismutli,  is  A  lirotrn,  crystnlliuo,  oa^ily  fusibl" 
At  a  high  temperature  it  i»  re<toh>,-d  into  tli>'  ' 
muth. 


Oxides, — The  IriorUlf,  or   Hmmithnu*  nridr,  is   a  straw-yellow 
obtained  liy  );enlly  ignitiu);  the  neutral  or  basic  nttrnle.     It  is  ruaiblo] 
a  high  teiii|>erature,  and  in  that  state  acts  towards  Rilio«oa«  nutter 
•  powerful  Hux. 

The  hf/ilialr,  Billi^     -^  "•  "    ''  "    i^*  nbtnined  as  a  white  preri[  ■■- 
s  solution  of  the  ni:  ^.d    liy  un  niknil.      U<ith   i 

and  the  anhydMiiir  '  n   llm  xlninger  Beidn,  fnriii:'_    -l^, 

luulhous  Halts,  wliieli  liuve  the  coTiip>i«itinii  BiR„  where  K  deunlm  | 
r»<licle,  f,  (/.,  HiCI,,  Bi(Nt>,),.  Bi,(.S(.»,)j.     Many  of  these  salts  etj__ 
well,  but  cannot  exist  in  solution  iinli-ss  an  excess  of  neld  jo  prcMent. 
diluting  the  solutmns  with  water,  a  basii;  salt  Is  precipitated,  .%nd  an 
salt  remtiiiis  In  HOlutioii. 

The  norw./  n.Vr,i/f,  Bi(N<\),..')n,<),  or   ni,0,.3N,Oj.lOH,0,   forms  Urt« 

transparent  colorless cryslnls,  which  are  deiimn !  '■-  (■•.•■■••    ■■  >1,-   ...... 

ner  just  mentioned,  yielding  nn  acid  solntion 
and  a  brilliimt  white  crynljilline   pnwder,  wln' 
in  eomposilion  seconling  to  the  temperature  and  the  (|uaDtity  ot  > 
ployed,  but  fre<iuently  oonslstii  of   a   basic  nitrate,   Bi,0,.N,<>,.2!l 
lll(.\<),),,Bi,(>,.:iH,0.     A  solution  of  lili"iiiiith  nitrate,  free  fn-T. 
exc«»s  of  arid,  pounxl   Into  a  large  iiuntitity  of  cold  water,  n 
«o|i:' '      '  iiitriili<,  very  siinil.-ir   in   app-'ttr  r  •'         ' 

tar  .1  l.irger  pro|H>ition  iif  bismuth  . 

onu      _ 1  ly  eni]>loy'"l  "■'  "  .  M-iuietle,  but  iL  .  .„ 

rendering  it  yellow  and  :  .It  in  uned  in 

HUmiith  prnmrlilf,  or    /  Ir,  Bi.'V,. — \V).  <    IrJnvlilM 

SU-  I 

tl>. 
Ill- 

acj.i,  ..  ,1.  11  fii.   ."- N -   ...i  ,  I., |...„.i,-i,  „ 

toltihh  In  WAlor.   Thl*  tulwtancn  aimhlnm  witit  l>aa«,  but  the  eonaptmii 


VANADIUM. 


399 


turn  mat  wery  well  known.     Aocordiog  tu  Arppe,  ihere  ia  an  acid  poUuiuui 

tNUsuttiate  containing  Bi,KHO„  or  ^Bi^Uf,.  <  .,' . .     Tbu   pvutoxiilo  wkcu 

loiea  oxjrgcn,  an   int<!nnu<li»lu  uxiae,  Ili,l\,  being  formed,  which 
Im  coluiclirTed  aa  bumuOtwu  bitiHulltale,  21ii,<J,  =  iii,<.i,.lii,(>^. 

' '  T->  milfirionllr  c'liurai'U-riziHl  by  tUv  devomixttiiliuu  ot  its  nitrate 
Uy  u;il('r,  luiil  ti;  the  blat:lc  jirecipilutc  uf  biaiuulli  Hiiljiiiiili*, 
iiuiuuuiuiu  sulplliilf,  which  lUs  uululiuua  ;riuld  whcu  t-xpuaed 
•  it  hydrugcu  Hulpliid«> 

ill  b  paru  ul  bismuth,  5  parts  uf  lead,  and  3  of  tin,  is  known 
uc  uiiuii.'  uljiuible  iiutat,  uiiil  ii>  L-iiipluyed  iu  taiung  iuipriauionii  (rum 
1  fi-r  iTithtT  piirp<"Si«  :  il  mi'lls  ImJow  lOOO. 

-  Used,  lu  cuujunutiuu  with  autiuiuuy,  iu  the  cunstruction  of 
ric  pilva,  the^u  iH'u  uietuli  forming  the  oppoiiite  extrumea  uf 
1  iui>-t:icx;tnc  bcriia. 


VANADIUM. 
Atomic  weight,  bl.-l.    Symbol,  V. 

VAlADirw  is  found,  in  iinall  quantity,  in  some  iron  ores,  also  as  tviiui- 
)itt«f  lead.  It  ha<i  likewiatt  btu-n  diacuverxd  in  t)i«  iron  slagof  StatTord- 
ikire,  and  rpcmtly,  by  Uiwcop,*  in  Inrcer  quantity  in  tbc  copper-bearing 
lada  at  AUerly  i^l$;e  and  Mottram  8t.  Andrews,  in  t'beHliire.  Metulliu 
Ttoadium  i«  id»tained  hy  pr(ilnnj;(»d  ignition  of  the  iliililoride  in  pur«  dry 
>i.vdr'i;cn,  a»  a  prayiH>i-whlte  j>owder,  appearing  under  the  microtieope  as 
a  rvat.tMine  m«.»is,  witli  a  strong  silver-whit«  lustre.  It  is  non-volatile,  de- 
aler at  1(XK3,  does  not  tarnish  in  the  air,  burns  with  brilliant 
V  •    when  thrown    into  a  flatne;    burns  vividly  when   quiekly 

K  '•■^'  n,   forming  the   pentoxide  ;  is  insoluble  in  hydrwhloric 

»i  -   -luwiyin    hydrotiuorie  acid  with  evolution  of  hydrogen, 

ij^..-.._.  ...  :.iiriu  .'icid,  fonning  a  blue  solution.  In  a  current  of  clilorine  it 
Uk(*  flrv,  and  is  converted  Into  the  tetrachloride. 

Vanaiiinm  waa,  till  lately,  regarded  as  a  hexml  metal,  analogous  to 
tongMMi  and  molylxienum ;  but  liosixie  has  shown  that  it  is  a  pentad, 
belonging  to  the  phosphorus  and  arsenic  gTou]>.  This  oonrlnsion  is  based 
ttjirrn  ihi*  cniu(Hisition  of  the  oxides  and  oxychlorides  ;  and  on  the  isumor- 
pbiam  of  the  vanadates  with  the  phosphates. 

Vaoadlom  Oxides. — Vanadium  forms  five  oxides,  represente<l  by  the 
(ormulor.  V,U,  V,0,,  V,0„  V,'\,  VjU^,  analogous,  therefore,  to  the  oxides 
of  Dilri>>r«-n. 

Tlu'  manuridt,  V,0,  is  formed  hy  prolonged  exposare  of  metallic  vanadium 
to  the  air  at  ordinary  temperatnr<«,  more  quiekly  at  a  dull  reil  heat.  It 
la  a  brown  <nlHTanue,  which,  when  heated  iu  the  air,  is  gradually  converted 
lu'  \ides. 

I,,  which  wa.<  regarded  hy  Berzelius  as  metallic  vanadium, 
liuing  either  of  the  higher  oxides  with  ]x>ta»8ium,  or  by 
r  of  van/idium  oxytriohloride  (VnCI,),  mixed  with  excess 
.  iigh  a  i-oiuliustion  tiilMi  w>ut.iining  red-hot  ehnrcoal.     As 

Atlteinwi  by  the  neeond  prociws,  it  forms  a  light-griiy  glittering  powder,  or 
I  OMtollioally  lualrons  crystalline  crust,  having  a  specific  gravity  of  3.64, 

*  ProwedlB^a  o/  the  Koyl  Soelcty,  xvl.  IS. 
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brittle,  very  diffloalt  to  fase,  and  a  conductor  of  electricity.  When  IimU 
to  redness  in  tlie  air,  it  tak>-ii  fir(<  nnil  tmrua  to  block  oxide.  It  in  iiuulat 
in  sulphuric,  hydrocliloric,  and  liydrofluoric  acid,  but  diHBulvoi  cosily  I 
nitromuriatic  add,  forining  a  ilHrk-blue  liquid. 

The  dioxide  may  be  prepari'il  in  solution  by  the  action  of  naaot^nt 
drogen  (evolveii  by  ini<t;illio  line,  cadmium,  or  sodium-aoial^'niii)  mil 
solution  of  vanttdio  acid  in  Kuljdiuric  acid.  After  j)a.ssing  tlimueh 
shades  of  blue  and  ijrecu,  the  liquid  aujaires  a  permanent  lavender  tin 
and  then  contains  the  vanaiiium  in  solution  as  dioxide,  or  as  liy  povant 
dious  salt.-  This  compound  absorbs  oxygen  more  rapidly  than  any  otba 
known  agent,  and  bleatJuM  indigo  and  other  vegetable  colors  as  quiukly  as 
chlorine. 

Vanadium  dioxide  may  Iw  regarded  as  entering  into  many  vanadium 
compounds,  as  a  bivalent  ra<licle  (just  like  uranyl  in  the  uranio  oom- 
pounils),  and  may  therefore  be  called  vaimdi/l. 

V'anadiian  trioxide,   V,0„  or  Vanadylmnnnjridf,  (V,0,)"0,  is   obtained  by 
igniting  the  pentoxide  in  hydrogen  ^'us,  or  in  a  crucible  lined  with  cbs 
coal.     It  is  a  black  powder,  with  an  ahimst  metallic  lustre,  and  inru:<ilil4 
by  pressure  it  may  be  uniteil  into  a  cobi'rent  moss  which  conducts  elect 
city.     When  eX]K>8ed  wnnn  to  the  air,  it  glows,  absorbs  oxygen,  and  ! 
converted  into  pentoxide.     At  onlinary  temperatures,  it  slowly  al 
oxygen,  and  is  converted  into  telroxide.     By  ignition  in  chlorine  gas  it  j 
converted  into  vanadyl  trichloride  and  vanadium  pentoxide.     It  is  ins  " 
hie  in  acids,  but  may  he  obtained  in  solution  by  the  reducing  action 
nascent  hydrogen   (evolvtMl    from  metallic  magnesinm)  on  a  solution 
vanailic  acid  in  sulphuric  acid. 

VnmidiuM  Iflntsidf,  UinMraiiadic  oxide,  fir  Vanndi/I  difiridf,  V,O,^(V,O,)0 
—This  nxide  is  priMluci'd,  either  by  oxidation  of  tlie  dioxide  or  trioxid 
or  by  partial  reduction  of  tlie  pentoxide ;  also  by  heating  hypovan 
chloride,  V,0,Clj,  to  redness  in  an  atmosphere  of  carbon  dioxide.* 
allowing  the  trioxide  to  absorb  oxygen  at  ordinary  tenip<!ratur«3, 
(etroxide  is  obtained  in  blue  shilling  crystals.  It  dissolves  in  acids, 
more  easily  in  proportion  as  it  has  been  less  strongly  ignited,  funu 
solution!' of  hypovauadic  salts,  which  have  a  bright  blue  color, 
same  solnlions  are  produced  by  the  action  of  lutHlerate  reducing  agend 
snch  as  sulphurous,  sulphydric,  or  oxalic  acid,  upon  vanadic  acid  in  solu- 
tion ;  also  by  passing  air  through  at^id  solutions  of  the  dioxiile  till  »  i»'r- 
nianent  blue  color  is  attained.     With  the  liydraltt  and    noniuil  .  i^ 

thejixed  alhJirt,  they  form  a  grayish-white  precipitate  of  hyil- 
VjOj.lljO,  which  dissolves  in  a  moderate  excess  of  the  reagent,  inu   u 
precipitated  by  a  large  excess  in  the  form  of  a  vauadite  of  tlie  alkali  xaeti 

Amnumin  in  excess  produc<rs  a  brtiwn  precipitate,  soluble  in  pure  wato 
but  insoluble  in  water  containing  ammonia. — .'tnnnoMiiim  tul/ilude  forma 
black-brown  precipitate,  soluble  in  excess. —  Tinilurc  oj  ijalh  forms  a  lineal 
divided  black  precipitate,  which  gives  to  the  liquid  tlie  appearance  of  ink. 

UypovanaiUc  iriuJiJialn,  V,0,.3>S0,  -f-  l>li,(),  is  obtaiiieil   as  a  blue  deli- 
quescent crystalline  powder  by  dissolving  vanadic  oxide  in  strong  sulphur 
acid  and  reducing  the  solution  with  sulphurous  acid.     A  salt  of  slmili 
character,  Mintaining  4H,t>,  i^,  obtained   by  precipitating  the  conceiilrati 
solution  with  strong  sulphuric  acid.     A  </i.n//;)/iu/f,  V./i,.2SO,  4-  7H..,0, 
obtained  as  a  light-hluu  crvslalline  {lowder,  when  the  pure  trisulphate, 
the  residue  left  on  eva(Hirntiiig   a  solution  of  the  tetroxide  in   sulphur 
acid,  is  treated  with  absolute  alcohol  (Crow).     Uerbdiua  by  similar  me 
uhtaiiie<t  adisulphate  with  411,(). 

Vanadium  tetroxide  .il.w  unites  with  the  mora  basic  metaUic  oxi< 

•  J.  K.  Grow,  Obem.  Soc.  Journ.,  ine,  II. 
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■Alts  ealletl    hy  povanadntea ,  all  uf  nliich  are  iiisoliilile,  ex- 

b(sc>  of  IliM  iilk)ili-iiiut>iU.     TliL-  solution:*  of  the  alkaliiic  li.vpuviuia- 

XtT    lirowii,    but   wli*-!!   treatfii   with  hiitlrtuji^ti  sulphtiie  they    acquire 

dill  r<id-purpl<<  color,  ariiiiiig  from  thu  formatlun  of  a  Bulpliur  ualt. 

oo|i>r  tbt'xa   hluc,  liy  foruiiiig  a  douMe  hyjxivuiiadic  Bait ;    lincturt 

(Mton>  thetu   blackish-blue.     The  insoluble   hypijvaiiuilntitt,  when 

tu-\\  or  ojvered    with    water,  beuoiue  greeu,  aud   are  converted  iuto 


■c  otilaiiin)  the  followiii);  hypovanodates  by  treating  Uypovuuodiu 
ritli  the  ixirrespoudjug  bases  : — 


Potaniuni  salt 
iV«1lani  ^alt   . 
AuiuK'niuiii  salt 
Barium  tuXX. 


K,0.2V,0,  +  711,0 

Nii^U.'JVjO,  -j-  7II,() 
(N'H,)/).2V,0,  +  3ll,() 
BaU.iVjO,  -f  5U,0. 


I 


Itadtalt,  PbO.V,Oj,  ii  formed,  togethiir  witli  potassium  acetate  and 
^ie  aciil,  by  precipitatiug  a  solution  of  lead  uwtute  with  potassium 
ale  : 

r^.  +  2Pb(C,H,00,  +  H,0  =  2(PbO.V,0,)  +  2KC.H,0,  +  2C,UA- 

•■  tait,  Ai;,O.V,0,,  is  formed  by  a  precisely  similar  reaction  from 

i  hypuvau/ulate  and  Kilver  nitrate. 

I  fiin/rkcuie^   ITiMar/ir  oxitle^  or  Vaniviifl  trinxide^  V,0,j  =  (V,0j)Oj. 

Ills  is  thi'  highest  oxide  of  vanadium.     It  may  be  prepared  from  native 

v\  ranvlate.     This  mineral  is  di^wolved  in  nitric  acid,  and  the  le^d  and 

■   preeipitatwl   by  hydrogen  sulphide,  which  at  the  same  time 

'■  vanailium  pentoxidn  to  tetroxide.     The  blue  flltereil  solution 

lUFQ  ••vaporaled  tu  drynuus,  and  the  residue  dij^estod  in  auunonia,  which 

ImItcs  out  the  vana<iiu  oxidn  repro<iui'ed  durin;;  i-vuiioration.     In  this 

inii..r.  >•  ini.ij.uf  sal-amuioniac  is  put;  as  that  salt  dissolvi-s,  anmionium 

\cA  as  a  white  powder.  Vicing  scarcely  soluble  in  a  saturato<i' 

uiouium  chloride.      By  exposure   to  a   temperature  btdoir' 

iaoxa  lu  au  open  crucible,  the  ammonia  is  expelled,  and  vannJic  oxide 

X.     By  a  similar  process,  Koscoe  has  prepareil  vanadic  oxide  from  a  lime 

^bitdte  ctintaining  2  [x-r  cent,  of  vanadium,  obtained  in  working  up  a 

Htibslt  ore  from  Mottram  in  Cheshire. 

Inaailium  pentoxidc  lias  a  reddish-yellow  color,  and  dissolves  in  ll)()0 
tta  of  wator,  forming  a  light  yellow  solution.  It  dissolves  also  in  stronger 
Li<  fiiriuing  red  or  yellow  solutions,  some  of  which  yield  crystalline 
i-  (vanadic  salts)  by  g{>ontanonu8  evaporation.  It  nnites,  how- 
'■  bases  more  readily  than  with  acids,  forming  salts  called  vana- 
iln..  When  fused  with  alkaline  carlionates,  it  eliminates  3  molecules  of 
rUm  dioxide,  forming  ortliovaiiadale»  analogous  to  the  orthophosphatcs ; 


^ 


3(N»,O.CO,)  +  V,0,  =  .3Na,0.V,0,  +  3C0,. 

■  forma  mflarnvailiitrx  and  pyrnmiuiiUilf*  analogous  to  the  moln-  and 
iiusphatva,  and  two  series  of  acid  iKinaJutet  or  aniii/diovaniulala,  viz 

Uvi  orOioTsnadate      .  Pb,CVO,),  or  3PbO.V,0, 

Rjirlnm  pyrnvanadate  .  Ba,V..ii,  or  2UaO.V,0, 

Ktruiitiuio  metavana/late  SrCV'o,),  or    SrO.VjO, 

DPtium  divanadate  .  8r(V0j),.V,0.  or    Sr0.2VjO, 

ontium  triranadate .  Br(V0,),.2V,0j  or    Sr0.3V^,. 

Ftnranntiate  occurs  native  as  rfwAeniVr .-  the  orfhovnnndate  also, 
with  lea<i  chloride,  as  rnmiilinile  or  Kumulitt,  l'bl.'l,.'.U'\i,(^\HVV, 
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the  mineral  in  wUich  ronadium  waa  first  discovered.     DetdoUi 
pluinbio  vanadate,  l'U,V,U„  or  2PbU.V,U„  aualogoiu  iu  uompOHition ^ 

l>yniiiliurt[iliate.  

The  ini'tavauadatea  are  mostly  yellow  ;  gomo  of  them,  however,  e»pi 
oially  those  of  the  alkaline  earth  nielols,  and  uf  xinc,  cailuiium,  and  lea< 
are  converted  by  wnrminf;— «itlier  in  the  solid  ststt-,  or  under  water,  or  i 
aqui-ous  solution,  etipoLiiiUy  in  preseutti  of  a  free  alkali  or  alkaline  carbi 
Date — into  isoiiierii:  LvUnless  Kults.  The  same  trnualorniation  takes  plat 
also,  though  uiore  slowly,  at  onlinary  leiu|i<-ruturua.  I'he  luetavauadaK 
of  alkali-nieltil  are  colorless.  The  utjid  vanailates  are  yellow,  or  yellowia 
red,  iMith  iu  the  solid  state  and  iu  sulutiuii :  lieni.^'  the  solution  of  a  nealn 
vanadate  bveointni  yellowish-red  on  addition  of  an  a<'id.  The  metavaiu 
dates  of  aujuionium,  the  ulkuli-iuL'taltt,  hariuio,  and  lead,  are  but  sparingl 
soluble  in  wuter  ;  the  other  uietavanadules  aru  nioresoluble.  The  alkalii 
vanadates  uru  more  soluble  iu  pure  water  than  iu  water  ixintaiir'  -  ' 
alkali  or  salt:  hence  they  are  jjreciiiitated  from  their  solutions  b_\ 

of  alkali  in  excess,  or  of  salts.     The  vanadates  are  insoluble  in   

The  aqueous  solutions  of  vanadates  form  yellow  precipitates  with  antinwtiL 
copper,  laid,  and  mereurt/  salts :  with  tincture  oJ'gulU  they  form  a  deep  blao 
liquid,  which  has  been  proposed  for  use  as  vanadium  ink. 

Hydroijen  sulphide  re<luc^-s  them  to  hypovanadates,  changing  the  ook 
from  red  or  yellow  to  blue,  and  forming  a  precipitate  of  sulphur. 

Ammonium  fulphidf  co\oT»  the  solutions  lirown-n-d,  and,  on  adding  an  tcU 
a  light-brown  precipitate  is  formed,  consisting  of  vanadic  sulphide  mixo 
with  sulphur,  the  liquid  at  the  same  time  turning  blue,  llyiltorldimc  tin 
decompose.^  the  vanadates,  with  evolution  of  chlorine  and  formatio 
vanadium  totroxide. 


'"■U 


Vanaditim  Chlorides. — Three  of  these  compounds  have  been  obtaloej 

vii. :   VCI„  VCI,,  and  VCl,. 

The  telraddoridf,  VCI„  is  formivl  when  metallic  vanadium  or  the  monon 

tride  is  heated  in  a  current  of  chlorine,  or  when  the  vapor  of  the  oxytr 

chlori<le,  VOC'l,,  mixed  with  chlorine,  is  passw!  several  times  over  red-he 

charcoal.     It  is  a  dark  yellowish-brown  liquid,  having  a  specific  gravit, 

of  1.8384  at  (P,  boiling  at  1540,  not  solidifying  at  18'^.     Its  vapour-deii 

■itv  referred  to  hydrogen  is  96.6,  which  is  half  the  molecular  weigb 

'S1.5-f  4x  35.5 
(=» s ),  showing  that  the  molecule  VCI,  exhibits  the  norou 

condensation  to  2  volumes  of  vapor.  The  tetrachloride  is  quickly  deoon 
posed  by  water,  forming  a  blue  solution  of  vanadious  acid.  It  does  nc 
take  up  bromine  or  an  additional  quantity  of  chlorine  when  heattnl  there 
with  in  sealed  tubes:  hence  it  appears  that  vanadium  does  not  readil, 
,  form  pentad  iwraimnnds  with  the  nionatomic  chlorous  elements. 

The  trichloride,  VCI,,  obtained  by  decomi>o«ilion  of  the  tetrachloride 
slowly  at  ordinary  temperatures,  quickly  at  the  boiling  heat,  crystalliu 
in  peacb-blossom-oolored  shining  plates  resembling  chromic  chloride.  It  i 
slowly  decomposed  by  water,  forming  a  green  solution  of  hypovanadio  aoid 

The  dicldoride,  VCI,,  obtained  by  passing  the  vapor  of  the  tetraohlorid 
mixed  with  byiirogen  through  a  nil-hot  tube,  crystallizes  in  green  mioi 
ceooB  plates,  which  are  deoomposed  by  water,  forming  a  violet  solution  c 
hj"povanadioas  acid. 


tW 


Vanadium  Oxychlorides,  or  Vanadyl  Chlorides. — Four  of  \ 
com|>ouu<U  arc  known,  viz. :  VOClj,  VUCI,,  VOCl,  and  V,0,C1. 

The  oTi/lriMoride,  VUCI,  (formerly  regarded  as  vanadium  Iriohloride}^! 
prepared : 


VANADIUM. 
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(Ij  Bj  the  action  of  ditorine  on  the  triozidu: 
3  V,0,  +  CI  „ = V,0,  +  4V0C1,. 

fj)  By  bnminp  the  dioxidB  in  thlorine  Raw,  or  by  pausing  tlmt  gas  over 
I  fmitnl  mixtnrt^  of  t)it*  trioxidu,  letroxidv,  or  jn-ntoxidn,  and  cuiideusing 
fXl  n  B  umiImI  U-tubt>, 

11   oxyiric'hloridc,  or  vanadyl   trichloride,  is   a   goU\i<n-yrllow 

1  <r    ?j«H^irir  gravity   1.841  at  14.50.     Boiling-point,   1270.     Vapor- 

ty,  by  experiment,  tl.l(l8;  by  faloulatiou,  B.IIO.     When  exposed  to 

r,  it  emits  cinnalarcolored  vajjors,  Iving  resolvwl  liy  the  moisture 

(■  air   iiit«j   hyilroidiloric  and  vanadic   acids.     It  oxidizes  niagnesiuni 

jam.      Us  vapor,  passed  over  perfectly  pure  carlmn  at  a  re<l  heat, 

.rliou  dioxide;  and  when  passed,  together  with  hydrogen,  through 

tnVie,  yields  vana<lium  trioxide.     These  reactions  show  that  the 

'>ntaina  oxygen. 

r  oxyehloriiles  of  vanadium  are  solid  Iwdies  ohtained  hy  partial 
•  I   the  oxytrichluride  with  zinc  or  hydrogen, 
rid,  VOt?l„  or  V.j<>,ri,  (liypovanadic  chloride),  is  also  produced 
•  ■'   'tie  jienloxlde,  with   aid  of  heat,  in   hydrocliinrir  aiid,  and 
•  .-n  solution  with  sulphurous   acid.     The  resulting  blue 
1  ;i    evafmration  over  the  water-but h,  a  brown  deliquescent 

iillw,  wliicli  yields  a  blue  solution  with  water  (Crow). 
♦  tribramide,  VBrj,  and  the  nji/brnmiiirt,  VOBr,  and  VOBr,,  have  also 
ol'talnrd.     The  first  is  a  grayish-black  sniorphous  solid  ;  the  second, 
adark-rrd  liquid  ;  the  third,  a  yellowish-brown  deliquescent  solid. 

'  Vanadlam  Sulphides. — Two  of  these  compounds  arc  known,  analo- 
u>  ihi:  u-truxide  anri  pentoxide  :  lioth  are  sul)i)iur  acids.  The  trlra- 
mtplnde,  or  Vamiiluivi  lul/ilutlt,  V,S,,  ia  a  black  sulistance  fonned  by  heating 
the  Irtroxide  to  retiuess  in  a  slreani  of  hydrogen  sulphide  ;  also,  as  a  hy- 
4lU*,  by  diuulring  a  vanadioua  salt  in  excess  of  an  alkaline  monosul- 
^iAc  waA  prtH'ipitating  with  hydrochloric  acid.  The  penlasulpUule,  or 
y«n«illfr  KtlfJMe,  V,Sj,  ia  formed  in  like  manner  by  preciidtation  from  an 
■*»""»  raiia<lal«. 

▼■nadinm  Nitride*. — The  mononitn'i/f,  VN,  is  formed  by  heating  the 
ODBHtoond  of  vanadiuu  uxytrichloride  with  aniuiiiniuiti  chUiriile  to  white- 
IMS  in  a  corrent  of  ammonia  gas.  It  ia  a  greenish-while  powder,  unalter- 
•M*  In  tho  air.  The  dinilriJe,  VN,,  or  V,N„  is  obtained  by  exjHiging  the 
Mac  double  Halt  in  ammonia  gas  to  a  moderate  heut.  It  ia  a  black  powder 
ttnuyly  acted  upon  by  nitric  acid. 


{^gaaiKam  compounds  heated  with  liorax  or  phosphoruH-salt  in  the 
^■tow-pipe  flame  irrmluce  a  clear  tieofi,  which  is  cotorlesH  if  thequan- 
'  of  vanadium  is  small,  yellow  when  it  ia  large  ;  in  the  inner  llume  the 
I  acquires  a  beautiful  green  color. 

Van-  '   '     tiromic  acids  are  the  only  acids  whose  solutions  are  red; 

tli^-i  iished   from  one  another  by  t)ie  vaiiadio  acid   becoming 

:..       iiiimic  acid  green,  by  deoxidation. 

I  Miiution  of  van,tdio  aitid,  or  an  acidulated  solution  of  an  alka- 
^_  iatJ",  ia  shaken  np  with  ether  cimtaining  hydrogen  dioxide,  the 
saa  solution  octjuires  a  re<l  cvlor,  like  that  of  ferriu  acetate,  while  the 

.  remUns  colorless.     This  reaction  will  serve  to  delect  the  presence  of 

part  of  vanjxlic  aoiil  in  40,1100  parts  of  liquid.     The  other  reactions  of 
vanadinm  in  nolution  have  already  been  dMierit)ed. 
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TANTAI.UM. 

Atomic  weight,  Isx    Symbol,  Tk. 

This  inotal  was  di!icov<>red,  iu  1803,  by  Kkeberg,  in  two  Swedish  mia 
raU,  tautulitu  ami  yttrutojitulitu.     A   vory  similar  metal,  columbiuin, 
b«en  (iisoovered  in  tlie  itremliug  year  by  ilatuhett,  in  oolunibit<*  fruiu  ] 
■achusottB  ;  and  Wolluntou,  in  18U7,  on  eouipariug  the  Miiu|>uiiudii  uf  th< 
ini'taU,  concluded  that  thoy  wero  ideutic^l,  an  upiniou  which  was  fur  ma 
years  ruouivud  aa  correct ;  but  their  »ej>arat«  identity  has  been  coiupleti 
twlalilishcd  by  the  researches  uf  li.  Iluae  (conmienoiii  iu  184ti),  who  gt 
to  the  metal  from  the  American  ami  Uavariun  culunibites  the  nauie.Vio6ia 
by  which  it  is  now  uniTcraally  known.    More  recently,  Marignuc  ha5  sho* 
that  nearly  all  tniitaliteci  and  ciilumliil<t>  contain  both  tautaluin  and  nio- 
bium  (or  coluinbium),  some    tantalaten,  from   Kimitu,  in  Finland,   beiu 
however,  free  from  niobium,  and  some  of  the  Greenland  coluiuhiles  < 
tniuing  enly  the  latter  metal  unmixed  with  tantalum.     In  all  these  inia 
rnU  tantalum  exists  as  a  tantnlnte  of  iron  and  iuangam«e  ;  yttrutantaU 
is  essentially  .1   tant.alalo  of  yttrium,  containing    al.so  uranium,   calciuf 
iron,  and  other  metals.     Tantalum  is  also  uuntained  in  gome  vorielial  I 
w<ilfram. 

Metallic  tantalum  is  obtained  by  heating  the  fluotantalato  of  ]>otas8iii 
or  sodium  with  metallic  sodium  in  a  well-covered  iron  crucible,  and 
ing  out  the  soluble  salU  with  water.      It  is  a  black  powder,  which,  wha 
heated   in   the  air,  burn.s  with  a  briglit    ligbt,  and    is   converted,  thou_ 
with  difficulty,  into  tanlalic  oxiile.      It  is  not  attacked  by  sulphuric,  hyilr 
chloric,  nitric,  or  even  uitro-muriatio  acid.      It  dissolves  slowly  in 
aqueous  hydrolluorio  acid,  with  evolution  of  hydrogen,  and  very  rapid 
in  a  mixture  of  hydrofluoric  and  nitric  acids. 

Tantalum,  in  its  principal  com;Kiunds,  is  tjuinquivalent,  the  formula  of 
lantalio  chloride  being  TaCl^,  that  of  tantalic  lluoride,  Tal''j,  and  that  uf 
tautalic  oxide  (which,  in  combination  with  ba.ses,  forms  the  tantalates), 
Ta,0,.  There  is  also  a  tantalous  oxide,  said  to  have  the  composition  TaO„ 
and  a  oorruapondiug  sulphidu,  TaS,. 

Tantalic  Chloride,  TaCl^,  U  obtained,  as  a  yellow  snWimatfl,  by  ignit- 
ing an  iutiujate  mixture  of  tantalic  oxide  and  charcoal  in  a  stream  of  cblo. 
rine  gas.  It  begins  to  volatilize  at  1440,  and  melts  to  a  yellow  liquid  »l 
221^.  The  vai>or-<lensity  b<itween  350O  and  440O,  has '  l>,.en  founii  by 
Deville  and  Troost  to  be  12.42  referred  to  air,  or  178.9  referrtnl  to  hydro- 
gen :  by  calculation,  for  the  normal  (wudensation  to  two  volumi«,"it  is 
179,75.  Tantalic  chloride  is  diHximposed  by  water,  yielding  hydrochloric 
and  tantalio  acids  j  but  the  deoompusition  is  not  complete  oven  at  the  boil- 
ing heat. 

Tantalic  Plnoride,  TttF,,  is  obtained  in  solution   br  treating   tantillj 
hy.lrato  witb  aquwus  hydrofluoric  acid.     The  solution',  mixp<l  with  »lk 
line  lluoridL-s,  forms  soluble  crystallizaWe  salts.cnileil  t  a  n  1 0 1  o  f  I  n  o  r  i  d  t 
or  fluotautttlates.     Tbe  iwlassium  salt,  TaK..F,  or  ThF,.2KF,  Pr>»ta 
liiei  in  munodinio  prisms,  isomorphous  with  the  co'rregponding  fluoniobaU 

Tantalio  Oxide,  Ta,0^,  In  prodnced  when  tantalum  bnms  in  tbo  air, 
also  by  llio  actl.in  of  water  on  l.'^nlnlic  clilorido,  and  may  be  separatfy)  aa 
a  hydrate  from  the  lantaUtes  by  the  nctii.n  of  acids.     It  may  be  prepar 
from  taiilaUtv,  which  is  a  tanlalate  of  iron  and  manganese,  by  fusing    ' 


NIOBIUM,   OR    COLUMBIUM. 


405 


IbvIt  pel' 


~*  — •■^-rnl  with  twW  its  weight  of  potassium  hydroxide, 
-5  in  liot  wiitvr,  and  Hiipi-rifatiiratiiig  tin;  fillored 
ri<^  or  uilric  aciil :  livdrated  tuiitalit-  uxiilo  is  tlieii 
..  white  llofka.  whirh  iiiny  lie  jiuriliod  liy  wa^ihing  with  wntrr.* 
■  tAotklic  oxidf,  obtained  by  igniting  the  hydrate  or  sulphatu, 
(uwdirr,  varying  in  density  from  7.022  to  8.264,  ttLtxirdiiig  to  tho 
rr  U>  which  it  has  bren  exposed.  Heated  iu  auinioniu  ga.s  it 
talum  nitride:  heated  with  carbon  bisulpliide,  it  is  eonverteil 
iM*  teatalum  bi.iulplii<te.  It  in  insoluble  in  uU  acids,  and  can  be  rendered 
■laMfl  r>!^K    I..   iM-ion  with  potaiisiuni  hydrate  or  i^arbonate. 

Mj^fo;  ■'  aside,  or  Tantulic  adit,  obtained   by  precipitating  au 

affMMls  -  I  (lotaiifiium  tantalate  with  hydrochloric  aoid,  is  a  snow- 

«tiit«  bulky    powder,  which  disiwjlvuB  iu  hydrochloric  aud  hydrolluoriu 

I  !-(-»- :  wh-'n  ••trtingly  heated,  it  glows  and  gives  off  water. 

■K.  >:iites  with  baaic  uietallic  oxides,  forming  the  tantalates, 

^B,  'ite<l   by  the  foruiulie,  M,O.Th,(\  and  4M,<:).3Ta/>,^,  the 

^Hl  _    iiu-  native  tantalates,  such  as  ferrous   tantalate,  and  the 

^K[.  I   easily  crystallizal>le  tantnlates  of  the  alkoli-metnls.     The 

i^fct— .—      •    the  alkali-metals  are  soluble  iu  water,  and  are  formed  by 

haing  tantallo  oxide  with  caustic  alkalies :  those  of  the  earth-metals  aud 

iMsry  meUils  are  insoluble,  aud  are  formed  by  precipitation. 

Tualu/aw  dmiide,  or   TaiUuiinu  usUU,  TaU„  may  be  represented  by  the 
0-Ta:rO 

I  ,  in  which  the  metal  is  still  quinquivalent.     It  is  pro- 

fay  exposing  tantalic  oxide  to  an  intense  heat  by  a  crucible  lined  with 
.1.     It  is   a  hard  dark  gray  substiuioe,  which,  wheu  heated  in  the 
)•  r..rn  ,ri..,l  into  tontalic  oxide. 

or  »u//>AwnVt  arid,  a<lde<l  in  excess  to  a  solution  of  alkaline 

s  a  precipitate  of  tautalio  acid,  which  redissolves  in  exc<»ia 

tlr\»cliloric,  but  not  of  the  sulphuric  acid.     Ihtiinsium  J'erroci/anide, 

%  yfry  slightly  acidulated  solution  of  an  alkaline  tantalate,  forma 

r  ■     ,  the  yVmVyrt/jiWp,  a  white  precipitate.     Inf'ttsioti  of  i/tdla 

a  ^  precipitate,  soluble  in  alkalies.     When  tautalic  chlo- 

adLi^-MM'i  111  strong  sulphuric  acid,  and  then  water  and  metallic  sine 

a4i|ivl,  a  tine  blue  color  is  pnxluced,  which  does  not  turn  brown,  but 

I"- ■■"■-- 

f  -ied  with  microawmic  salt  in  either  blowjiipe  flame  forms 

•  I  -l.iBS,  which  dix's  not  turn  roil  on  adililiou  of  a  ferr<m.s 

With   l>oiikX  it  also  forms  a  transparent  glasa,  which  may  be  ren- 

i/psquc  by  interrupted  blowing,  urjlaminy. 


KIOBITTM,  or  COLUMBITTM. 

Atomic  wclpht,  94.    Symbol,  Nb. 

(larortal,  diseorered  in  ISOl  by  Ilatchett,  in  American  columbite,  ex- 
Fliki-wi.i'    3~~<K'iated  with  tantalum,  in  eolunibiles  from  other  sources, 
l«« ;  also,  assooioted  with  yttrium,  uranium,  iron,  and 
!  other  metals,  in  Silierian  samarkile,  uraiioljintnlile,  or 
nit«-.  disu  in  pyroohlore,  eozenite,  and  a  variety  of  pitchblende 
itUen  in  Norway. 


^nr  mnrr  I'mnpiele  metboda  of  preparation,  lee  Watts'*  Dletl0I\aTy  ot  CVito- 
,  vol.  V.  p.  <c6- 
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The  meUl,  obtained  in  the  same  manner  aa  tantalum,  U  a  black  ; 
which  oxidizea  with  iucauileswniM!  whi>u  hcaKxl  in  the  air.  It  dieisolT 
in  hnt  liydrotliioric  acid,  with  evolution  of  h,vdr<>gcn,  aud,  at  ordmu 
temperatures,  in  a  mixture  uf  hydruduoriu  and  nitric  acid ;  slowly,  ah 
when  hented  witli  ijtrnng  sulphuric  acid.  It  ia  oxidized  by  fusion  wH 
acid  putas»ium  sulpUnte,  and  gradually  converted  into  potassium  uiob 
by  fusion  Willi  |><itii.s.siuiu  hydrate  or  carbonate. 

Niobium    is   quinquivalent,   and   forms    only   one   class    of  com^iouuil 
namely,  a  chloride,  NbCl^;  oxide,  NhgU^;  oxychloride  MbOCI^  etc. 

moblo  Oxide,  Nb,l\,  is  formed  when  the  metal  burns  in  the  air.  ' 
is  prcjfurutl  fruui  c^ilumbitt^,  etc.,  by  fusing  the  leviguti'd  mineral  in  a  pU- 
tiuum  crucible  with  U  or  S  parts  of  aeid  potassium  suljilinte,  ren;'^  ■■'' 
soluble  salts  by  IxMliug  the  fused  mass  with  water,  digesting  the  i 
with  auimouiuni  sulphide  to  dissolve  tin  and  tungsten,  boiling  with  - 
hydrochloric  acid  to  remove  iron,  uranium,  and  other  metals,  and  linaU; 
washing  with  water.  Niobic  oxide  is  thus  obtained  generally  mixiHt  with 
tantalio  oxide,  from  which  it  is  separattM  by  means  of  hydrogen  and  potoj- 
slum  Uuoride,  IIK.KI'',  which  converts  the  tantalum  into  sparingly  solubln 
piilHssium  lautalolluoride,  iSKF.TnFj,  and  the  niobium  into  easily  iMilaMo 
potassium  niolioxylliioriile,  2KF.NI)<ll'',.Aq. 

Kiobic  oxide  is  uUo  protluced  by  decomposing  niobic  chlorida,  or  oxy- 
chloride, with  water  ;  when  pure  it  has  a  specific  gravity  of  4.4  to  4.5.  It 
is  an  acid  oxide,  uniting  with  basic  oxides,  and  forming  salta  called  nio- 
hatea,  some  of  which  wear  as  natural  minerals  :  eolumbite,  for  examp~ 
being  a  ferro-maiiganous  uiobate.  The  jiulu»aiim  nioltalra  crystallixe  i 
and  in  well-<lefined  forms.  Marignac  has  obtnine<l  the  salts  4K,0.3Nl 
KJAq.  crystallizing  in  monoclinic  prisms  ;  8K,('.7Nb,Oj.32Aq.  in  pyramid 
monocliniu  ."rystiils  ;  3KjU.2NI),Hj.lHAq.  in  rhomboidal  prisms  ;  and"' 
3Nb,Oj.Aq.  aa  a  pulverulent  precipitate,  by  boilings  solution  of  jiotasait 
niulnxytluurlde  with  potassium  carliouate.  The  toJium  iiiolxiirt  are 
talliiie  [Hiwders  which  decompose  during  washing.  There  is  also  ■  aodin 
aud  putiutsiuui  uiobute,  containing  NajU.3K,U.3Nb,Oj.yAq. 

Nloblo  Chloride,  NbClj,  1b  obtained,  together  with  the  oxychloride, 
by  heating  an  intimate  mixture  of  niobic  oxide  and  charcoal  in  a  stream 
of  chlorine  pas.  It  is  yellow,  volatile,  and  easily  fusible.  Its  obeerrwl 
vapor-density,  acc4irdingto  Deville  and  Troost.ia  9.U  referred  to  air,  or  138.4 
referred  to  hydrogen  as  unity  :  by  calculation  for  a  two-volume  condenia- 

tion.ltis^lti^'ii^  =s  137.75.  The  oxyMoride,  NbOCT,,  U  whilo,  Tola- 
tile,  but  not  fusible  :  iU  speciflo  gravity,  referred  to  hydrogen,  U  by  ob- 
gerratlon,  114.06 ;  by  oalcnlation,  94+ 16-f  3x35.6^_^^g^      ^^^  ^^^^ 

oomponnda  are  converted  by  water  Into  niobic  oxide. 

Niobic  Oxyfluoride.  NbOF,,  Is  formed  by  diasoWing  niobic  oxide  1 
hydrofluorio  acid.     It  unites  with  the  fluorid.-s  of  the  mora   jwisie  met- 
fiimiing  salts   isomorphous  with   the  fitanolluorides,  sinnnolluoridea,  i 
tnnpitoflunrides,  1    atom  of  oxygen  in  tli.-xe  suits  taking  the   plaoo  ofj 
rUmiis  of  fluorine.    Marignac  has  obtained  Ave  potassium  nioboxylluorid 
all  perfectly  cryatalliied,  namely  : — 

2KF.N1>OFiAq.,  crystalliiing  In  monoclinic  plates, 
aKF.NliOF,  "  cuboM  forms  (system  Dndetermined),] 

3KF.HF.M.OI'',  "  niono<-Iiuic  needli-a, 

.'<A'K.3M)OK,.Aq.  "  hexagonal  prisms, 

4Kh\.iSU))'^.2.\<\.        "  ttVcUmc  vtV*w«. 


NIOBIUM,    oa    COLUMBIUM. 
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..  ^..j^„i„„i,ff^  SKP.NbK,,  KcparalKs  io  shining  moDocliiiic  newllea 

I  tli«  lirnl  of  tUo  »ljovo-menlion«l  niiilx))tyllaoridt'!)  in 

MinUix/lliloridca    uf   auiniuiiiuui,   sudiuui,    xiuj,   aud 
'■•i-n  i/blniii>«l. 

II  rif  tli->><  4q|t«i  with  the  8tiUinol)aoridi»,  titanoBuoridcs, 

: .'  that  tliv  xxixtuiiiio  uf  iaoiiKirjihlmu  bti- 

ida  of  any  two  eloin-'iitift,   must   not  Iw 

l.i.^ri  ui.u    :tf-\ti  tili'iuents  arc  1)1  njual  ntoiiiicitjr :   for 

n<\vT  itiiisidi'ralioti,  we  havo  isomoriihimsi  salts  fornii-d 

. uin,  wliicU  nr«  tetrads,  niobium,  wUiuh  ia  a  {wiitod,  aud 

which  is  a  hcxsd. 


Thi"  rrmtponnds  of  niobium  cannot  easily  b«  mistaken  for  those  of  any 
■     ii-tal  except  tnntnliiin.     The  most  t)hiiraclt<rl8lio  ntnutiona  of  uiobatea 
i-.,iUt<n  with  liquid  ruageuts  aro  the  following: — 


nydrocblorio  acid  . 
.Ammottinm  chloride 


IVitaMiura  fermcynnide 
"         ferricyaoide 

lBfa»i(Ni  of  galls    .     . 


S'uibata. 
Whitn    precipitate,    in- 

siilubb-  in  exc<iM3. 
I'rwipilation    slow  and 
inoompleta. 

Red  precipitato. 
j  Bright   yi'lloMT   precipi- 
tate. 
Orange-red  precipitate. 


Tnnlalnltt. 

White  precipitate,  sola- 
bin  in  excess. 

Complete  precipitation 
as  acid  aromoniam 
tantalate. 

Yellow  precipitate. 

White  precipiliilo. 

Light  yellow  precipi- 
tate. 


Tt!nh!<>  nxide,  heated  with  borax  in  the  onter  blow-pipe  flame,  forms  a 

«nl  il,  which,  if  the  oxide  is  in  sufficient  quantity,  liecomea  opaque 

V^  "'1  lilotrinii;  or  flaming.     In  microcosmic  salt  it  diHsolves  abuud- 

11^  a  colorless  be^l  in   the  outer  flame,  and  in   the  inner  a 

I,  or  if  the  bead  is  aaturnte<l  with  the  oxide,  a  beautiful  blue 

,  ...        liir  disappearing  in  the  outer  flame. 
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CLASS  VI.— HEXAD  METALS. 


CHROMIUM. 
AtoDlo  weight,  »2.a.    Sjrmbol,  Cr. 

Crkomicm  is  fonnd  in  the  atftte  of  oxide,  in  combinntion  with  iron  oi 
in  8onin  abunilance  in  the  Shetland  Islands,  and  elsewhere  : 
chroiuate  it  eon»titute8  a  very  beautiful  mineral,  from  which  it  wa» 
obtained.  The  metal  itxelf  is  prepared  in  a  half-fusnl  ouiidilion  by  i 
ing  the  oxide  with  half  its  weight  of  eharcoal  jiowder,  inclosing  the  inlS 
ture  in  a  crucible  lined  with  charuoal,  and  then  subjecting  it  to  the  vnry 
highest  heat  of  a  powerful  furnace. 

Deville  has  prepared  metallic  chroininm  by  reducing  pnrechrfimi- 
quioxide  with   au   insufficient   quantity  of  charcoal,  in  a  lime   1 1 
Thus  prepared,  metallic  chromium  is  less  fusible  than  platinum,  and  ^ 
hard  as  corundum.     It  is  reailily  acted  upon  by  dilute  hydroihlnrle 
less  so  by  dilute  sulphuric  acid,  au<I  not  at  all  by  i»ncentrate<l  nitric  I 
Friroy  obtained  chromium  in  ^mnll  cubic  crystals,  by  the  action  of  sodij 
vapor  on  chromium  trichloriie  at  a  red  heat.     The  crystalline  chromil 
resists  the  action  of  concentrated  acids,  even  of  nitro-murialio  acid. 

Chromium  forms  a  hexfluoride,  CrK„  and  a  corresponding  oxitfe,  Cl( 
analogous  tosulphurluoxidc  ;  also,  au  acid,  H,CrO„  analogtius  to  sulpha 
acid,  with  corresponding  salts,  the  ohromates,  which  are  isomorjihiius  1 
the  8ulphat«s.  in  its  other  compounds,  chromium  rescmblen  iron,  : 
log  the  ohrumio  compounds,  Cr,t.'l,,  Cr,0„  etc.,  in  which  it  is  apparen 
trivalent,  but  really  quadrivalent,  and  the  chromous  compounds,  Cr*' 
CrO,  etc,  in  which  it  is  bivalent. 

Chlorides. — The  dichloride,  or  Chromcnu  ckloridt,  CrCl,,  is  prepared 
hoatinj;  the  viulet-oolorivl  trichloride,  containe<l  in  a  ]Kirc<-lain  or  gla 
tul)e,  to  rednt^s  in  a  current  of  perfectly  ilry  and  pure  hydn'grn  ga 
hydrochloric  acid  is  then  disengaged,  and  a  wliite  foliated  mass  is  obtaina 
which  disiiolves  in  water  with  great  elevation  of  temi>eratnre,  yielding  | 
blue  solution,  which,  on  exposure  to  the  air,  alworl*  oxygen  with  extra 
diuary  energy,  ac<|uiring  a  deep-green  color,  and  passing  into  tli«  atari' 
of  chromic  oxychloride,  {'r,CI,.('r,0,,  Chromous  chloride  is  one  of  the 
most  i>owerful  reducing  or  deoxidizing  agents  known,  precipitating  calomel 
from  a  solution  of  mercuric  chloride,  instantly  converting  tungstic  acid 
into  blue  tungsten  oxide,  and  precipitating  gold  from  a  solution  of  anrio 
chloride.  It  forms,  with  ammonia,  a  sky-blue  precipitate,  which  turn* 
green  on  exposure  to  the  air;  with  ammonia  and  sal-ammimiac,  a  blua 
solution  turning  red  on  exposure  to  the  air  ;  and  with  ammonium  sulphide, 
a  black  precipitate  of  chroniDus  sulphide. 

Thi>  iricJUuride,  or  Chromic  clJoride,  Cr,('l,,  is  obtainiHi  in  the  anhydroi 
state  by  heating  to  redness  in  a  porcelain  tube  a  mixture  of  rhromiuui 
quioxide  and  charcoal,  and  passing  dry  chlorine  gas  over  it.     Tlie  triel 
ride  sublimi<s,  and  is  deposited  in  the  cool  part  of  the  tul)e,  in  the  form 
beautiful  crystalline  plates  of  a  pale-violet  color.     It  is  totally  insotnl 
in  water  under  ordinary  circumstauces,  even  at  the  boiling  heat.      It 
toirm,  boverer,  and  assumes  the  deep-green  hydrated  slate  in  water  con- 


i 


CHBOMICM. 


409 


y—~'\-  minnte  qoautity  of  tho  dichlorido  in  solution.  Tliu 
■  \-  the  evulnliiiii  uf  much  licit. 
gneti  .  -  1  eljrumio  oliluride  ia  e.Tsily  formed  by  diKsolring 
liydr«te  in  hydrochloric  a<-ld,  or  by  boiling  lend  cliromnte,  or 
r<imau-,  or  a  solution  of  chromic  acid,  with  hydrochloric  acid  and 
ling  a^r-nt,  such  as  alcohol,  or  BnlphurouB  acid,  or  even  with  hydro- 
acid  alone  : — 

2CrO,  4-  12HC1  =  Cr.Cl,  -f  6H,0  +  O,. 

ilation  thus  obtainud  exhibits  the  same  charncfers  tta  the  chromio 

m%\la.     Wlien    evaporat<>d,  it   leaves   a  dark -green  syrup,  wliieh, 

ted  to  liXio  in  a  stre.im  of  dry  air,  yields  a  green  raa-ss  containing 

tl.o.     The  same   solntion   evaporate<l  in  a  vacunni  yields  gri-on 

crystals  containing  Cr,Cl,.H,0. 

tides. — ^The  trifluoriJe,  or  Chromic  Jftmride,  Cr,F,,  Is  obtained  hy 
the  dried  sesqoioxide  with  Iiyrtrotluoric  acid,  and  strongly  hPAting 
d  mass,  as  a  dark-green  sulistance,  which  melts  at  a  high  tcmpe- 
md  sublimes  when  still  more  strongly  heated,  in  shining  regular 
ons. 

\ride,  C'rP,,  is  formed  by  distilling  lea<l  chromate  with  (luor- 
ing  oil  of  vitriol   in  a  leaden   retort,  and   condensing    the 
led  and  dry  leaden  reireivcr.     It  then  condenses  to  a  IjIiKid- 
g  liqnid,   which   volatilizes  when  its  temjM-raturu  rises   a  few 
higher.     The  vapor  is  red,  and,  when  inhule<l,  produe^w  violent 
and  severe  oppression  of  the  lungs.     The  hexlluoride  is  decom- 
wat«r,  yielding  hydroftuoriu  and  ehroniio  acids.     A  fluoride,  in- 
in  composition  between  tho  two  just  descrilwd,  is  obtained  in 
bjr  decomposing    the   brown  dioxide  in   hydrofluoric   acid.     The 
i*  red,  and  yields   by  evaporation  a  rose-colured  salt,  which  is 
'etl    without    alteration   by   water,    and    precipitated   brown   by 


«■.— Chmmium  forma  five  oxides,  containing  CrO,  Cr,04,  Cr,0,, 
'  CiOj,  th«  first  Uiree  being  analogous  iu  uumposition  to  the  tliree 
iron. 

or  (ftromoai  oxide,  CrO,  is  formed  on  adding  potash  to  a 
•liromous    chloride,  as  a   brown    precipitate,  which    speedily 
p  foxy-re<i,   with  disengagement  of    hydrogen,   being    con- 
higher  oxide.     Chromous  oxide  is  a  powerful  base,  forming 
I  aaltit,  which   absorb  oxygen  with  extreme  avidity.     Potnusio- 
I  sulphate  has   the  oompOkition  CrK,(iJUJ,.6H,U,  like  the  other 
of  the  same  grou  p. 

iftrariiir,  fr^O,  ^CrO.Cr,Oj,  is  tho  above-mentioned  brownisli- 
ipitate  prodoctxl  by  the  action  of  water  upon  tho  monoxide.  The 
lition  is  not  coniplcto  without  boiling.  This  oxido  corresjwnds 
magnetic  oxide  of  iron,  and  is  not  salifiable. 

trid*,  or  <'7ir.M<iir  oxidr,  C'r,0,. — When  mercurous  chromate,  pro- 
■  mixing  Holutions  of  mercurous  nitrate  and  jKitassium  chromate, 
pmate,  is  exposed  to  a  red  heat,  it  is  demmiKwml,  jjure  chromium 
ide,  having  a  fine  green  color,  remaining.  In  this  state  the  oxido 
lumina  af»t-r  ignition,  insoluble  in  acida.  The  anhydrous  sesqui- 
y  be  prepared  in  a  beautifully  crystalline  form  by  beating  potns- 
Itroinato,  K,0.2CH1„  to  full  redness  in  an  earthen  cnuible.  One- 
|ht<  chrnminm  trioxido  contained  in  that  salt  then  suffers  decom- 
oxygen  being  di8engage<i  and  s^gquioxide  left.     The  meVled  tnaa« 
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is  then  treated  with  water,  which  dissolves  uut  neutral  potassiaro 
iiintK,  ami  tliv  oxidi-  in,  lastly,  wosht^l  and  drinl.  C'lirtmuiiiu  »*^qu 
iKjuimuiiicuteu  a  fine  gr«eu  lint  to  (jlass,  and  is  uw<<i  iu  v4iauivl  p»i 
The  eryhtallint*  Hi«quioxidv  i»  employed  in  the  uiauutaotiiru  of  roxur-t 
From  a  solution  of  chromium  Hf!i>|uioxide  iu  potash  or  «uda,  ^rt-eu 
tinoiiit  liydratud  sesquioxidu  of  citromiuni  is  soparatod  on  standing. 
Iliicly  powdcrod  and  drii-d  over  suiiihurir  arid,  it  uoutiists  of  Cr,0,. 
A  hydrnie  iiiny  aUu  bv  prupiiri>d  by  boiUug  u  somewhat  dilute  soluti 
potOHsiutn  diehromate,  xtroiigly  uiduloU'd  witli  hydroehlorie  acid, 
small  isueceasivu  portions  of  sugar  or  alcohol.  In  Ihu  foruivr  caitc  t 
dioxide  c^rapes :  iu  the  lutU-r,  aldehyde  and  also  acetic  acid  are  f(i 
and  the  uhrumiu  aciil  of  the  salt  becomes  converted  into  chromium  tl 
ride,  the  color  of  the  lii^uid  changing  from  red  to  deep  green.  The 
tion  may  also  l>e  elfected,  as  already  olwervisl,  by  hydrochloric  aoid 
A  slight  excess  of  ammonia  precipitates  the  hydrate  from  itti  solutia 
has  a  pale  purplish-green  color,  which  becomes  full  green  ou  igiiili 
great  shrinking  of  volume  and  sudden  incuudescence  arc  olwurvud 
the  hyilrate  is  decomi>o8e<l  by  heat. 

Chromium  sesquioxide  is  a  weak  base,  resembling,  and  isomorp 
iron  ses^uioxide  and  alumina;  its  salts  (chromic  sall«^  have 
purplu  color,  and  are  said  to  be  poisonous. 

Chroiuic  tutpliate,  (C'rj)(SO,)„  is  prepared  by  dissolving  the  hydrBt 
idu  in  dilute  sulphuric  acid.  It  unites  with  the  sulphates  of  poti 
and  ammonium,  giving  rise  to  magnilicent  double  salts,  which  crya 
in  regular  octohedrons  of  a  din-p  claret-color,  and  possess  a  ooQ<U 
resembling  that  of  c<munou  alum,  the  aluminium  being  replaowl  bj 
mium.  The  ammonium-salt,  for  example,  has  the  composition  Cr'" 
(SO,),.rj.\q.  The  linest  crystals  are  obtained  by  spontaneous  uvapoi 
the  solution  being  apt  to  !«  decomposed  by  heat. 

The  dioxiile,  t'rtJ,,  which  is,  perhaps,  a  chromic  chromate,  CrO,.Ci 
a  brown  substauce  obtained  by  digesting  chromic  oxide  with  ox<] 
chromic  acid,  or  by  partial  reduction  of  oliromio  acid  with  alcohol,  i 
otu  acid,  etc. 


rp)^m 

"^1 
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Cbromlnm  Tllozlde,  CrO, ;  in  combination  with  water,  for 
mic  mill.  (•r(i,.ll,0  =  ll,(H),  =  ((rO,)"((lII),.  Whenever  chromiui 
i|uioxide  is  strongly  heatiHl  with  an  alkiili,  in  contact  with  air,  oxy 
alworlwd  and  the  trioxide  generated.  Chromium  trioxidc  may  be  ob 
nearly  pure,  and  in  a  slate  of  great  beauty,  by  mixing  100  measur< 
cold  saturated  solution  of  imtassium  diehromate  with  150  meaaures 
of  vitriol,  leaving  the  whole  to  tool,  ]Kiuring  off  the  mother-liqiio 
leaving  the  crystals  to  drain  u]ion  a  tile,  closely  covered  by  a  glaa*  o 
jar.  It  is  also  formed  by  decom|KiBing  the  hexlluoride  with  a  small 
tity  of  water.  Chromium  trioxide  crystallixes  in  brilliant  crim» 
prisms  very  deliquescent  and  soluble  inwat^tr:  the  solution  is  ins 
reiluixMl  by  cont^ict  with  organic  nmtter. 

Chromic  acid  is  biliosic  and  analogous  in  eompositinn  to  sulphorie 
its  salts  are  isomorphous  with  tht*  iv)rres]>onding  sulphates. 

fhtiiitnium  rlimmile,  K,CK),  or  (CrOj)"((>K)j. — This  salt  is  made  di 
from  the  native  eJirome-irim  orr,  which  is  a  enmiHmiid  of  uhromium  a 
oxiile  and  ferrous  oxiile,  analogous  to  niagnelie  iron  ore,  by  calnii 
with  nitre  or  with  p<itiissinm  corlHinate,  or  with  eaiiHtio  putaAli,  ll 
bi'in);  r"iluri-d  to  ]H)wder  and  heatwl  for  a  long  time  with  the  alkut 
rev<Tl»'ralory  furnace.  The  pri«lui't,  when  Ireati-<1  with  watir,  vii 
yellow  solution,  which,  by  evu|Hirulion,  deposits  auhydro 
aawe  color,  isomorphoiu  with  potassium  sulphate.    Potassium^ 


CUROMIUM.  ^^Kl^^^  4]t1 

lendl.  bitt«r,  and  digagreeable  taste,  and  dissolveH  iu  2  porta  of  water  { 
B  IS.50. 

/Vutnaa   dicArrmuUr,  or   atAylmelirojnate,    K,0,2CrO,  or    K,('rOj.CrO,.— 
^^ '  '  n  iiilpharie  acid  ia  mldtMi  tit  t)iu  prec4>ling  hhU  iu  nj'Klvruie  qiiAUtityi 
I  .iir  rif  the  iHtBe  18  reiuovwl,  mid  the  uvulrul  uhruuuitu  uiurt^rted  into 

1^  I'm  It.-.     This  salt,  of  which  immcnge  quantitii'S  aro  nmniifactiiri-ii  lor 

H  I   •:;     arts,  cryatallizea  by  alow  era]ioration  iu  iH'aatifiil  rud  tabular 

i   rivwi   (mm  a  triclinic  prium.     It  melts  wln-u   liuattid,  and  ig 
III  parts  of  water;  th«  Bolutiou  has  au  acid  n-uctiuu. 
I  iridiroiiuitr,   K,0.3C'K),  or   K,l.'r<),.i!(.'rO,,   may   be  obtained  in 
<rjr(taU   liy  diiwolring  the  dic-hroninte  in  au  ntjueous  solution  of  cbromio 
Milt,  and  leiaving  it  to  evajiorate  over  gulphuriu  aiid. 

l^nd  rkroiMUf,  I'tiOrO,. — This  salt,  the  cliromv-yrllow  of  the  painter,    ia 

oMauiMl.  ad  a  brilliant  yellow  precipitate,  on  mixing  solutions  of  polas- 

nijite  i>r  diL'liroaiiite  with  leoil  nitrate  or  iicetate.     On  boiling  it 

>  .iter,  oue-half  of  the  acid  is  withdrawn,  and  a  baiiic  lead  ohro- 

^  I   orange-red  color  left.     The  baiiii:  ehroumte  is  also  formed  hy 

1   chruinate  to  fused  nitre,  and   afterwards  dissolving  out  the 

1^  by  water:  the  product  is  crystalline,  ami  rivals  vennilion  in 

.  of  Imt.     The  yellow  and  orange  chrome  i-olors  are  tixed  upon  uloth 

ruato  applicAlion  of  the  two  solutions,  and  in  the  latter  caao  by 

.;  the  dyed  stulf  through  a  l*ath  of  boiling  lime-water. 

r  c/inmuie,  Agjt'rO,. — This  salt  is  precipitated  as  a  reddish-brown 

l>  u  <i>'r  when  solutions  of  potOKsium  chromate  and  silver  nitrate  are  mixed. 

It  dissolves  iu  hot  dilute  nitric  iwid,  and  separates,  on  c<M>ling,  in  small 

luhy-red  platy  crystals.     The  chromates  of  barium,  zhic,  and  mircury  are 

iaatduble  ;   the  first  two  are  yellow,  the  last  is  brivk-red. 

PerchTOmlc  Acid  is  obtained,  according  to  Barreswil,  by  mixing  chro- 
niii-  acid  with  diluli'  hydrogen  dioxide,  or  potassium  dichromate  with  a 
■lilute  but  very  acid  solution  of  barium  dioxide  in  hydrochloric  acid;  a 
liqnid  U  then  formed  of  a  blue  color,  which  is  removeii  from  the  aqueous 
eolation  by  ether.  This  wry  unstable  compound  has  |>erhaps  the  eompo- 
ittiun  li,Crj(>,,  or  CrjO,.H,U,  analogous  to  that  of  permangauiu  acid. 

Cbrominm  Dioxydlchlorlde,  or  f'lirnmi/l ilirJilm-itle,  CrO,CI,,  comuionly 
^jbUoI  I 'lilor<-ltrumk  and. — When  ^  parts  of  potaiisium  dichromate  anil  U 
H^Hrta  of  common  salt  arc  intimately  mixed  and  introduced  into  a  small 
^^Kl«a  retort,  9  parts  of  oil  of  vitriol  then  added,  and  heat  appliiMl  as  long 
■■  <len9r  red  vapors  arise,  this  compound  passes  over  as  a  heavy  deep-r«d 
lUjuid  rH««'rahling  bromine:  it  is  di-ofimponed  by  water,  with  production  of 
il.;  I  I  hydrochloric  aciils.     It  is  analogous   to  the  so-culled  chloro- 

11  lilorotimgstic,  and  chlorosulphuric  ncids,  in  comptmition,   and 

II  uts  which  if  yields  when  decomposed.     It  may  lie  regarilud  as 

J  .  the  trioxide  "by  substitution  of  CI,  for  0,  or  Inim  chroiuio  acid 

(I  .jj,   by  substitution  of  CI,  for   (Oil),;  ako  as   a  i-ouipound  of 

ehromiaiu  hexchloride  (not  known  in  the  separate  state),  with  uUromium 
trtoride:  Crn,.2rrO,  =  3CrO,Cl,. 

./  ,/i>A/<.ri,/e,  ((:rO,)jCl,  or  CrO,CT— CrO;^— CrO,Cl,  is  formed  by 
I,  j.rei^ediug  oomiHiund  to  1 80-^1  iMO  in  a  seahd  tube :  3Lr<1,Cl, 

=1 '  ''  ',)>'  's+t'U.  It  is  a  black  non-rrystallinc  powder,  which  deliquesce* 
rapidly  iu  the  air  to  a  dark  rwlilish-brown  syrupy  liquid  smidliiig  of  free 
chL.rine.  When  gently  heati^  iu  hydrogen  gas  it  takes  lire,  and  is  rosoWed 
into  ciiromium  gosqaioxide,  hydrochloric  tuAd,  and  wator : 

aCr.OjCT,  -f  1(111  =  .3Cr/t,  +  4UC1  -f  3H,0. 


I 
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UEXAD    M£TALS. 


Hfaclions  of'  ('lirmnitim  compoumh. — A  Boliitidii  of  chromic  cbloride,  or  ■ 
chromic  oxygeu  salt,  is  iml  precipitatwil  or  changed  iu  any  way  by  hyilro- 
gen  &ulpbidK.  Ammonium  siiljiliiile  Mirow8  down  a  gr^isb-grecn  prerijiiuile 
of  ohrnmio  liydrnlc.  i'aunic  Jixrd  alkalia  also  precipitate  the  hv.lr.i..l 
oxide,  and  dissolve  it  easily  wlien  added  iu  excess,  ^minoniu,  the  -..:>.■  . 
but  nearly  insoluble.  The  cuTbonatea  o/' potauiunij  sodiuin^  and  anatutmum 
also  throw  down  a  green  preoipitato  of  hydrate,  slightly  soluble  iu  a  large 
cxcoss. 

Chronious  salts  are  bat  rarely  met  with;  for  their  reactions,  see  Chromiaiu 
dichlnriile,  p.  408. 

Chromic  acid  and  its  salts  are  e'Osily  recognized  in  solution  by  forming  a 
pale  yellow  precipilato  with  bitrium  lallt,  bri>j;ht  yellow  with  IraJ  muIih, 
brick-red  witli  mercurtnu  tails,  and  crimson  with  nVi'er  salts;  also  by  their 
capability  of  yielding  the  green  sraquioxide  by  rtxluction. 

All  chromium  comfKiunds,  ignited  with  a  mixture  of  nitre  ami  an  alka- 
line curljiitiate,  yield  an  alkaline  chromnte,  which  may  be  dissolved  out  by 
water,  and  on  bi-ing  noutralizud  with  acetic  acid,  will  give  the  reacti 
jUHt  mentioned. 

The  oxiiles  of  chromium  and  their  salts,  fused  with   borax  in  eiti 
blowpipe  dame,  yield  au  euierald-,;-e<^n  glass.     The  same  character  U 
hibited  liy  those  salts  of  chromic  acid  whose   bases  ilo  not  of  thenuel 
impart  a  dccidiil  color  to  the  bi'ad.     The  production  of  the  green  ooliir  in 
lH>th  llames  distinguitdiex  rhrcmiium  from  uranium  and  vanadium,  which 
give  greon  bea<ls  iu  the  inner  tlamc  only. 


;  by 
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XfRANIlTM. 

Atomic  weight,  240.    Symlral,  U. 


TniB  metal  is  found  in  a  few  minerals,  aa  pUMUnJe,  which  is  an  ( 
and  uruiiile.,  which  is  a  phottphute;  the  former  is  its  principal  ore.     The 
metal    itself  is   isolated    by  deconiiK>siiig  the  chloride  with    )>otassium  or 
sodium,  and   is  obtained  as  a  black  cviherent  powder,  or  in  fused  whil 
malleable  globules,  according  to  the  manner  in  which  the  process  is  col 
ducted.     It  is  peruianent  in  the  air  at  orilinary  temperatureji,  and  Aova 
deiximpose  water ;   but   in    the  pulverulent  state   it   takes  tire  at  2ll7'3 
(MH.Vf^  F.),  burning  with  great  splendor  and  forming  a  dark -green  oxid(f; 
It  unites  also  very  violently  with  chlorine  and  with  sulphur. 

Uranium  forms  two  classes  of  compounds :  viz.,  the  uranoni  com- 
pounds, in  which  it  istjuadrivnleut,  e.g.,  L'Cl,,  l'0„  U(&0^j,  eta.,atid  tho 
urauic  oompo  uuds,  iu  which  it  is  sexvalent,  e.g., 

DO,,  UO.Cl,,  DO,(NO,)j,  UO,(SOJ. 

There  are  also  two  oxides  intermeiliato  between  nranons   and    nrai 
oxide.     There  is  no  chloride,  bromide,  iodi<le,  or  Ruorido  corntipond 
with   uranio  oxide,  such  as  I'Cl,;  neither  are  there  any  nomiul  ura 
oxysalts,  such  as  r(NOj)„  U(SO,)„  etc. ;  but  all  the  uranio  salts  c<ontal  ^ 
the  group  UO„  which  may  bo  regarded  os  a  bivalent  radicle  (urnnyl),  unit- 
ing with  acids  in  the  usual  projxirtions,  ami  forming  noruml  salts ;  tl 

Crania  oxide  or  fJranyl  oxide  ....  (Uf>,)0 

Uranic  oxvcbloriile  or  I'raiiyl  chloride     .         .  (rO,)Cl, 

Dranic  nitrate  or  L'ranyl  nitrate      .         .         .  (l'0,)(NO,), 

tVaaJo  siilj'hato  or  Uiaujl  Bul^»hate         .         .  (IK»,)(S0J. 


or 

1 
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TWi  Tfnr  of  the  compowUion  of  tli»»  orniiip  salt  1b  not,  however,  essen- 
V  '  <iry  may  alH»  Im  funiiiUat«<l  aa  buaio  kolU  iu  the  miuuifr  above 


CUoridea. — I'ntnout  chloride,  m,,  la  tnrmei\,  with  viriil  incAndi'seencp, 

\r    '    ■ i.ii;      ,,,[,,  j„  ohUiriiHi  t;n>,  uImi  by  igniting  urnnuUB 

»■  .!».     It  erystallixi-s  in  il.'irk-grocn  rcgiiliir  (K>t<>- 

L  V  in  water,  fonuing  an  eiuoralil-gri-i-n  nolutiun, 

which  is  doociiu}i<)St«l  wlii'n  ilrojipiil  into  boiling  water,  giving  olT  hjrilni- 
ehkirio  acid,  and  yielding  a  brown  jin^ipitato  of  hydrated  nrauoug  oxidi*. 
It  is  a  powerful  d'-oxidizing  agvnt,  reducing  gold  and  silver,  oonTcrting 
fcirric  salts  into  ftrrouH  salts,  etc. 

■  '/<•,  or  /  niti^l  dtlnriilc,  I'O.Clj,  is  fortnt-d  when  drjr  ohlo- 

r;  I  over  rol-lml  nrnnoua  oxide,  as  an  orange-yellow  va]ior, 

*  •  yellow  crystalline  fusible  moMs,  caailysolnble  in  water. 
]'.  ills  with  tliu  clilorideH  of  the  alknli-nietals, — the  ]>otaii- 
tii                              imple,  having  the  uouipositiou,  L'U,C'1,.2KC'I.2H,<>, 

Oxides. —  VnitimiA  oxidii,  U0„  formorly  mistaken  Ibr  metallio  nraniain, 
li  obtaina^l  by  hi'uting  the  oxide,  \.\0f,  or  nranic  oxalate,  iu  a  current  of 
taydrogm.  It  is  a  bnmn  jKiwder,  Bomotimes  highly  crystalline.  In  the 
Invljr  diridud  etato  it  is  pyrophorio.  It  dissolves  in  acids,  forming  gnsen 
sal  (a. 

'  '■■■■'■' ■   ■■•  <.ri(/f,  l",0,  =  ro,.2rOj. — This  oxide  forms  the  chief  con- 

fi  li'ude.     li  i.-t  obtaiUL'd   artiliciully  by  igniting  the  metal 

•  '  in  itriutAi't  with  the  nir,  or  by  gentle  ignition  of  uranic 
r  nraiiiu  nitrate.     It  forms  a  dark-green  velvety  ]iowder,  of  spa-cilio 

7.1  to  7.3.     When  ignitol  in  hydrogen,  or  with  sodium,  charcoal, 

«ul|ihur,  it  is  riMluceil  to  urauous  oxide.     When  ignited  aluue,  it  yields 

ilaek  oxide,  l',Oj.     I'ranoBO-uranic  oxide  dissolveii  in  strong  sulphuric 

'  ! 'Tie  aeid,  yielding  a  mixture  of  uxaiious  and  uranic  salt;  by 

is  oxidlze<l  to  uranic  nitrate. 

/.  ,.r  I  ,.,„.J  ..ridt^  rOj. — Uranium  and  its  lower  oxidea  dis- 
uranic  nitrate  ;  and  when  this  salt  is  heated 
til  decmniMse,  at  2alK>,  jmro  nranic  <>xid«  ro- 
111  tile  (urui  111  a  cliamnis-yellow  powder.  I'ranic  hydr.ite,  l'0|, 
llUjO,  raniiot  U-  |irepsred  by  {irecipitating  a  uranic  salt  with  alkalies, 
loanniucii  te  the  precipitate  always  carries  down  alkali  with  it ;  but  it 
nut/  Uo  obtained  by  eva|M>rn(ing  a  solution  of  uranic  nitrate  in  absolute 
slouhol  at  a  Mi<«b-r»t»  heal,  till,  at  a  certain  degree  of  concentration,  nitniiig 
etlnir.  oldi'liyde,  and  otlu-r  vapt>r3  are  given  olT,  and  a  sjiongy  yellow  mass 
tKttUkiUit,  wliicli  is  the  hy<lrute.  In  a  vacuum  at  ordinary  temperatures, 
or  at  HHi'^  in  the  air,  it  gives  off  half  its  water,  leaving  the  monobyilrate, 
DOjIljt).  This  hydrate  cannot  be  dcprivwi  of  all  its  water  wilhuul  expos- 
ln|C  it  to  a  liMtt  xuflicient  to  drive  off  part  of  the  oxygen,  and  reduce  it  to 
Brin<w>-uranic  oxide, 

licoxidnatid  its  hydrates  dissolve  in  acids,  forming  the   aranio 
The  nilratr,   (f(),)"(N03),.(>H/1,  may  he  prepiired  from  pitch- 
'        '  "he  pulverized  mineral  in  nitric  aeid,  evapernting  to 

and   filtering:    the  lif|uid  yields,  by  due  i>vapora- 
^.    nirrate,  which  are  purified   by  a  repetition  nf  the 
I.  Lutly,  dissolved  iji  ether.     This  latter  solution  yields  the 


¥ 
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-Pranic  oxide  unites  with   the   more  boitic  nu'tallic  oxidi**, 

•  of  Ihi-  nlkalinietals  are  obtnim-d  by  preeipilnling  a  nranic 

ili :  those  of  the  enrth-metals  and  heavy  \neVR\»,\>^ 

of  A  uiauic  fiilt  and  .1  salt  of  the  oVUot  H«;tn.\  nsWVi.J 
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ammonia,  or  hy  igniting  a  doable  carbonate  or  aoetato  of  nrBJiinm  and  tk9 
other  metal  (oalciu-iirunio  ac-vtatv,  for  ex<ini]ile)  in  contact  with  tLe  air. 
The  uroiiates  havu,  lor  llio  uui^t  part,  thi-  luinposiliou  M,0.2l'<>,.  Thcjr 
are  yei'ow,  inisoltil>le  lu  uiiter,  8iiliil>le  in  aci<th.  'I'iioso  which  cuntiiin 
fixed  bofitti  aru  not  dec'omposi<d  at  a  rod  heat ;  but  at  a  n  hite  hi<at,  tha 
uranic  oxidu  ia  rciliiuvd  to  uruuo&o-uranio  uxidu,  or  b^'  ignition  in  hydro- 
gen to  uruuiiiu  uxidu  :  lliu  tuasH  obtained  hy  this  hut  method  easily  Lak<n 
fire  in  contact  witli  the  air.  .SoJiiuh  uranate,  Ntt,U.2UO„  ii>  much  us«l  for 
imparting  u  yellowitsh  or  greenish  color  to  glasa,  and  ati  a  yellow  pigment 
on  the  glazing  of  )K>ri:eluiu.  Thu  "  uraniuui-yelluw"  for  these  purpose* 
ia  prepare<l  on  the  large  scale  by  roasting  pitchblende  with  lime  in  arever- 
beratory  furnace  ;  treating  the  resulting  calcium  ucuiatc  with  dilute  »nl- 
phurio  acid  ;  mixing  the  solution  of  uranic  sulphate  (bus  obtained  with 
Kwlium  carbonate,  by  which  the  uranium  is  lirst  precipitated  together 
with  other  metals,  but  then  redis8olve<l,  tolerably  free  frum  impurity,  by 
oxcuss  of  the  alkali ;  and  treating  the  liquid  with  dilute  sulphuric  acid, 
which  throws  down  hydratinl  sialium  uranate,  Na,0.2fO,.(iAq.  Ammom'm 
UTunnte  is  but  slightly  soluble  in  pure  water,  anil  quite  iusolulile  in  water 
containing  sal-aiuuioniac  ;  it  may,  therefore,  be  prepared  by  precipitating 
a  solution  of  siHlium-uranate  with  that  salt.  It  occurs  iu  commerce  as  > 
fine  deep  yellow  pigment,  also  called  "  uranium  yellow."  This  salt,  when 
heated  to  rclness,  leaves  pure  uranoso-uranic  oxide,  and  may,  therefore, 
Borve  as  the  raw  material  lor  tho  preparation  of  other  uranium  compounds. 


Uranous  lalta  form  green  HoUitinnR,  from  which  caimtie  aU-nlta  Uumr 
down  a  red-brown  gelalliuius  precipilnte  of  urouous  hydrate  ;  alknlint  ear- 
bonalet,  green  precipitates,  which  dissolve  in  excess,  especially  of  ammo- 
nium carljonnte,  forming  green  solutions.  Ammmiium  tulpliidf  forms  a  black 
jirecipitate  of  uinuous  suli>bide  :  hytlnujen  sul/iliiile,  no  precipitate. 

Uranic  salts  are  yellow,  ami  yield  witli  ciiuiric  «//vi/iVs  «  yellow  pre- 
cipitate of  alkuliue  urannte,  iiisolablo  in  excess  of  the  reagent.  Alkalnt 
rarboniUet  form  a  yellow  precipitate,  consisting  of  a  carbonate  of  uranium 
and  the  alknll-nietal,  soluble  in  excess,  especially  of  acid  ammonium  or 
potassium  c4irlK)nate.  ^tm/noHiM»i  tmljt/tUie  forms  a  black  pnrcipitate  of  urauic 
sulphide.  Hydriujen  sulpliiile  forms  no  precipitate,  but  reduces  the  uranlo 
to  a  grc*eu  uranous  salt.  l\>latsium  J'trrocyanidc  forms  a  red-brown  precipi- 
tate. 

All  iirnnium  compounds,  fused  with  jikosplionu  tall  or  bnraz  in  the  outtr 
blowpipe  llanie,  produce  a  clear  yellow  glass,  which  becomes  greenish  ou 
oooliu),'.  In  the  inner  flame  the  glass  assumes  a  preen  color,  becoming  still 
greener  on  omling.  The  oxides  of  uranium  are  not  reduced  to  the  metallie 
state  by  fusitui  with  sodium  carbonate  on  charcoal. 

Uranium  compounds  are  usi'd,  as  already  olserved,  in  enamel  painting 
and  for  the  staining  of  glass,  uranous  oxide  giving  a  fine  blat:k  color,  and 
uranic  oxide  a  delicate  greenish-yellow,  highly  fluorescent  glass.  Uraniuui 
Baits  are  also  used  iu  piiotogr.i]iliy. 


TtrNO-STEN  or  •WOLFRAM. 

Alomic  weight,  184.     Symbol,  W. 


4 


TcifosTBK  is  found,  as  ferrous  tiinpstnte,  in  the  mineral  tmlfram,  tolerably 
abundant  in  f'ornwall ;  oi'casionnlly  also  as  oalcium  tungstato  (tehtelitt  or 
tMuj/ilen),  unA  as  lead  tuns»tnte  {nrhrrMue).    Metallic  tungsten  is  obtained 
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....  .  .1  _   1,-1,   ,f.jy  po«<l,.r,  liy  strougly  liuating  tiiugstic  oxidi-  in 

utreqiiiri-s  for  fuuiuu  aii  exwinliiinly  liigli  tempcra- 
,_  .      _  '.il,  vijy  Uaj-d  anii  brittle  :   it  liiis  a  cli?UHily  of  17.4. 

lo  r«liioss  in  tUo  air,  it  Uk<«  lire  aiiU  ri?{iroduce»  tuiigstic  oxiiW. 

TsBgitcn  lorou  two  classic  of  counwuiuls,  iii  Hliich  it  ia  4UaJrivali'iit 
tDd  t^xralvut  n-spt-vtively,  and  a  third  kIul&a,  of  iutemwdiutc  uuiupuaitiuu, 
ia  ahiob  it  is  apparcutly  quinquivalent. 

Chlorides. — ^Thcae  componnda  are  formed  by  healing  metallic  tungsl<>n 
hebtortur  Rati.  The  licxrhUtriJe,  or  tumjulie  diloride,  \W\,  in  also  produced, 
I^Mkarwith  oxyoUloride,  by  the  action  of  chlorine  on  an  ignited  mixture 
«<tun,.^ii<-  .>»iJe'and  charcoal.  The  oxychloridcs,  being  more  volatile  than 
U,  ;  le,  may  bo  oeporated  from  it  by  sublimation.     The  hexchlo- 

h,„  ,  irk  violet  scales  or  fused  crusts,  having  a  blui.ih-black  me- 

totUc  ifiii..>.>»'nce.  By  contact  with  water  or  moist  air,  it  is  converted  into 
Ikyilnxihloric  and  tungstic  acids.  The  chlorides,  WC'lj,  Wt'l,,  and  WC1„ 
M«  furmf«l  when  the  hexchloride  is  heated  in  hydrogen  gas.  The  two 
iwinrr  are  crystalline  :  the  dichloride  is  a  loose  gray  {Xiwder,  destitute  of 
«rjr*lalline  structure.* 

A  p«il*bromi<le  and  hexbromido  are  formed  by  the  action  of  bromine  in 
on  tungsten. — The  hesjiuoride,  WKj,  is  obtained  by  evaijorating  ^ 
of  tDDgstic  acid  in  hydrofluorio  acid. 

zldea. — ^Tungsten  forms  three  oxides,  WO,,  WO,,  and  W,Oj,  neither 

vhich  exhibits  basic  proiierties,  so  that  there  are  no  tungsten  Halls  in 

uctal  replao's  the  hydrogen  of  an  acid,  or  takes  the  electro- 

y  The  trioxide  exhibits  decided  acid  temlencies,  uniting  with 

W..    ,.....i..it;   uxidea,   and    forniing  crystiUlizable  salts  called    tumjslutBt. 

The  pentoxide  mav  be  regarded  as  a  conipouiul  of  the  othi-r  two. 

The  Jiarije,  or  TuHgnloiu  oride,  W0„  is  most  easily  {K-pared  by  exposing 
oxide  to  hyilrogen,  at  a  temperature  not  exceeding  dull  re<lness. 
rown  {Miwiler,  sometimes  assuming  a  crystalline  appearance  and  an 
>  ri].  t.illic  lustre.  It  takes  fire  when  heatc«d  in  the  air.  and  burns, 
a;.  Ill  itself,  to  tungstic  oxide.     It  forms  a  definite  coiupuund  with 

r.  iaridf,  or  Tungslic  oxide,  WO,,  is  most  easily  prepared  from  native 

I  tungstate  by  digei<tion  in  nitric  or  hydrochloric  acid,  the  soluble 
■]  salt  thereby  prtnluced  being  washed  out  with  water,  and  the  re- 

_■  tungstic  acid  ignited.     From  wolfram  it  may  Iw  prepared  by  re- 
>•  digesting  the  mineral  in  strong  hydrochloric  acid,  ultimately  with 

II  of  a  little  nitric  acid,  to  dissolve  out  the  iron  and  iiiniigaiiese  ; 
iig  the  remaining  tungstic  acid  in  aijueouH  ammonia;  evaporating 

Si  ;  and  heating  the  residual  animoiiiuiii  tungstate  in  contact  with 

.    Tungntic  oxide  is  a  yellow  jwwdi'r  insoluble  in  water,  and  in  most 

'   tiut  wiluble  in  alkalies.     The  hot  soltilions  of  the  resulting  alkaline 

■i!.-,,  when   ueulrulizi'd  with  an  acid,  yield  a  yellow  precipitate  of 

■     ■  "It  or  (unijslic  arid,  ll,WO,  or  H.,(J.WO,.     Cold  dilute  solu- 

"U  '.ii.-  'ihrr  hau<l,  yield  with  acids  a  white  preidpitate,  consisting 
^tuagilic  ilik^riilr.,  or  hifdriUnl  lunijslic  acid,  211,0. W()„  or  U,W04,U,0. 
Tuptic  acid  reiidvna  litmus  and  dissolves  easily  in  alkalies. 

Taagitate*. — ^Tungstio  add  nnitcji  with  bases  in  various  and  often  in 
^^  ODusual  proportions.  It  ia  capable  of  existing  also  in  two  isomerio 
*'<«hto»tioua,  Ti».— 1.   (h-dimiri/  lunijKlic  acid,  which  is  insoluble  in  water, 


I 


•  Boaooc,  Journal  of  the  CheiotoAl  Sooietj-,  1872,  p.  287, 
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and  forms  insoUiWi.'  snlt^i  witli  all  nii'lalii,  i-xeepl  the  alkAli-nietaU  a 
mitgnt»ium  ;  2.  MrUttunyttk  acid,  wUicli   iit  soluble  iu  water,  auJ  loruui 
Dolublf  salU  with  i«-.irl,v  nil  lurlnls.     Drdinary  ttingstic  acM  fomiA  luiiuial 
sallfl  I'oiitaiiiiiig  MjWO,  or  M,0.\V()j,  anil  «<:ul  salt*  iMiiitaiiiiiiji;  ;1M,0.7W<)„ 
vrliieh  may  i>rrliBi«i  be  regardeil  as  double  snlu  I'niujHWfil  of  dia^id  and 
triafid  liiiigstales,  that  is,  as  2(M,0.-i\ViJ,)+M,0,a\V(>,.     The  tui._ 
of   jKitassiuiu  and  sodium,    esju'rially  the  latter,  are  suinetiinest    n 
moniunls  in  dyeing,  in  place  of  stannates  ;  also  for  rendering  uiU"! 
other  light  fabriea  uuinllamniable.    Tungstous  lungstate,  \VU,.\Vtij 
has  the  I'umpositiun  of  luiKjtliii  jirnluxi>lr,  \V,t>5,  is  a  bluo  tulwtaui..'  ;      . 
by  retlucing  tuugstic  oxide  or   tungstio  aeid  with  zinu  and    hydruehJutia 
acid  ;  also  by  heating  ammonium  lungstate  to  redness  in  a  rut<irl. 

Mrlulutii/tralrs. — 'I'liese  suits,  whiuU  have  Uie  cxjmpusitiou  <if  (^uadracid 
tungstales,  M,U.4WU„  are  formed  from  ordinary  tungtslates  by  ulditiou  uf 
tungstic  aci<i,  or  by  reiuoviug  part  of  the  b;iae  by  means  of  an  acid.  They 
are  for  the  most  part  soluble  and  cryalaillxable.  i5y  decomposing  liariuin 
luetatungstatu  with  dilute  sulphuric  acid,  and  evaporating  the  liltratv  ill 
a  vacuum,  hydrated  metittungsUc  acid  is  obtained  in  ijuadralic  ocloLedruiu 
apparently  cHmtaining  Il/).4\VO|,-|-.'51Aq. ;  it  is  very  soluble  in  water. 

Silifulu»ij3ialt-g .* — Uy  boiling  gelatinous  siliua  with  acid  potassium 
toDgslate,  a  crystalline  suit  is  obtained,  having  the  ciimpi«ition  of  a  diacid 
potassium  lungstate,  ti(K,<>.2\V(lj),  or  K„0,.12\V()j,  in  which  one-third  of 
the  potassium  is  rejdacij  by  silicon,  vu.,  K,t5i''0,.12\VO„  8»)  that  the 
silicon  here  enters  an  a  buKtflutu  element.  The  rt^ulting  solution  yiol'ln 
with  mcrcuruuB  nitrate  a  precipitate  of  mrrruroiM  ulii otuiiytliUe .■  this,  when 
det»mposed  by  an  equivalent  quantity  of  hyiirochluric  acid,  yields  a  solu- 
tion i){  hytlroijfn  silicotiint/xtate,  or  silicotungstic  ariil ;  an<l  the  other  silic\>lung- 
stntes,  which  are  all  soluble,  are  obtained  by  treating  the  acid  with  carlo- 
nat«s. 

Silicodecilungilie  acid,  H,Si"0,.10WOj,  is  obtained  as  an  amnio- 
nium  salt  by  l>oiling  gelatinous  silica  with  solution  of  acid  ammonium 
tung8tat« ;  and  from  this,  the  acid  and  its  other  8alt«  may  lie  obtained  in 
the  same  manner  as  the  prect-ding.  The  silicodecitungslattw  are  very  un- 
stnblo,  and  the  acid  is  dcciimjwised  by  mere  eva{Kirati(in,  depositing  silica, 
and  lieing  converted  into  I  yinyslosilicic  uciii,  which  is  isomeric  with 
silicotungslic  acid,  and  likewise  deoompfises  c-arlionates.  All  llirw  of  tli«e 
acids  are  capable  of  exchanging  either  one-half  or  the  whole  of  their  bnslo 
hydrogen  for  metals,  thereby  forming  a<'id  and  neutral  salts  ;  8ili«ilung«lie 
acid  also  forms  an  acid  8(Hlium  salt  in  which  only  oue-fourth  of  the  hydro- 
gen is  replaced  by  sodium. 


Tungsten  Sniphides. — ^The  liimilphide,  or  TrnqMoun  aMl/ihiiU,  WS,,  is 
obtaiuiHl  in  soft,  black,  needlei-sbaped  crystals  by  igniting  tungsten,  or  ono 
of  it-H  <i\ides,  with  sulphur. 

The  Irisiil/iliidf,  or  Tiiniistir  snilphiile,  WS,,  is  formivi  by  diitsolving  tiingsl 
acid  in  ammonium  sulijbidc,  and  precipitating  with  an  acid,  or  by  addii 
hydrochloric  acid  to  lli(<  solution  of  an  alkaline  tnnpstato  saturativl  wil 
hydrogen  sulphide.  It  is  a  light-brown  precipitate,  tuniing  black  wh 
dry.  It  unites  easily  with  basic  metallin  sulphidi-s,  forming  the  ni/i 
luni/ttuia,  MjWS,,  analogous  to  the  normal  tungstates. 


n 


Reartinnt  of  Timytleti  mm;>ni/nr/j. — Soluble  tnngstntes,  or  metatnnE 
Bupersaturatcd  with  suliihuric,  hydrmOiloric,  phosjihoric,  oxalic,  or  ani| 

*  Marlgnae,  Ann.  Ohim.  Pb;i.  [4]  111.  &;  Watti'k  Diotlonary  of  Chcmittrr* 
T4  OiA, 
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iK'natiful 
A  HoluUi 


blue  ooliir, 
tiingKtato, 


jj^.i    ^■...\.\    pg  t|,g  iiitnxlurlion  uf  a  piece  of  ziiie,  « 

L  1  ibe  formntiou  uF  bluo  tuiii^steu  oxide. 

Ti.  i  'umnoRiuw  tuljJiide,  auil  tlii-ii  with  exc«8a  of  acid,  vicldx  a  liglit- 

>T"«ii   {irr<'ipitAt4-  of  tuiigHtic  gulpliide,  soluble  iu  luiiuioiiiuiu  hiiljihide. 

/■  -  -  .  ir-t  n/^jAu/c  does  not  precipitate  the  acidulated  Bolutiou  of  a  tungKtate, 

I    blue,  owing  to  the  formation  of  the  blue  oxide.     Onlinary 

;ve,  •mil\\  fHiiaMiumjrrrocganide,  after  addition  of  hydrochloric 

■'     .ulent  precipitate,  ttoluble  in  pure  water  free  from  acid; 

ve  no  prtH'ipitatu.     Acidn,  added  to  solutions  of  ordinary 

down  a  white  or  yellow  precipitate  of  tungstic  aciil;  with 

.!■«  no  prri-ipitate  is  obtained. 

■i.-u  ctim|)ouuds  form  oolorliws  beads  with  borax  and  phoaphorng 
•ail,  ID  the  out«r  blowpipe  tlame.  With  borax,  in  the  inner  flame,  they 
h>Tm  a  yellow  glass,  if  the  quantity  of  tungsten  iii  somewhat  couKiderable, 
I  -  with  a  smaller  quantity.      With  ;>A»<;i/(vriM  ca/r  in  the  inner 

>nu  a  glass  of  a  pure  blue  oolor,  unless  metallic  oxides  are 
J  (  -  lii  »iiiih  modify  it;  in  presence  of  iron  the  glass  is  blood-red,  but 
II..  .fldition  of  metallic  tin  renders  it  blue. 


Sir, I,  alloyed  with  a  small  qnantity  of  tungsten,  aeqnlrea  extraordinary 
).nr  iiii'HH.     Wootx,  or  Indian  steel,  contains  tungsten.     Tungsten  has  also 
:  f -iiarkable  effect  on  steel  in  increasing  its  power  of  retaining  mngnetism 
lianlenetl.       A  horse-shoe  magnet  of  ordinary  steel,  weighing  two 
,  is  r»>nsidered  of  good  ijnality  when  it  bears  seven  times  its  own 
but,  according  to  Siemens,  a  similar  magnet  matte  with  steel  con- 
tungsten  may  be  made  to  carry  twenty  limes  its  weight  suspended 
„„„  ;lie  armature.* 


I 
I 
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MOLTBDENUM. 

Atomic  welKht,  Ml.    Symbol,  Mo. 

TsH  met*]  occnn  In  imall  qnantity  as  sulphide,  or  mn/n/x/eniVr,  and  as 
WllBolylidate,  or  trul/mitr.  Metallic  inolylKlennm  is  obtained  Viy  exposing 
MljMic  oxide  in  a  eharoosl-lined  crucible  to  the  most  intense  heat  that 
I  b«  obtained.     It  is  a  white,  brittle,  and  excee<lingly  infusible  metal, 

iritig  a  density  of  8.6,  and  oxidizing,  when  heated  in  the  air,  to  molybdio 

Chlorides. — ^Mol  vbdennm  forms  four  ahloridea,  containing  MoCl,.MoCl„ 
^  M'.,C1„  M.>a,  ami  MoCU  or  Mo,CI,„. 

I  ..'  pntaMoruif  is  pro>luc«'d  when  metallic  molyUlenum  (previously 
(f.<.l  frnm  oxide  by  ignition  in  hydrogen  chloride)  is  heated  for  some  lime 
In  »  ttrnain  of  drv  chlorine  gaa. 

Thn  iK.nUchlo'ride,  heated  to  almnt  MOO  in  ■  ntnam  of  hydrogen,  is 
tM\xirM  to  the  red,  difficultly  volatile  trichluriile ,  Mo(1,.  or  Mo,Cl,  ; 
"I'l  lliis  (wraponnd,  heated  to  redness  in  an  atmospliere  of  carbon  dioxide 
from  oxygen,  is  resolved,  ai'cording  to  the  equation  Mo,('l,  = 
-(-  M»n„  into  the  yellow  HirhluriJr,  which  remains  in  the  tulH«, 
•uiiH  brown  frfrnrA/oriife,  which  sublimes  or  is  carried  forward  by 
U"  •Ireim  uf  gas. 

'"  thm..  fonr  chlorides  the  ponUchlorido  is  the  only  one  which  ory»- 

'  Jouraal  of  the  Chtmieal Society,  Jutf,  U68.    U  Series,  voL v\.  p.'SW. 
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talliXM  diattnotly,  and  melti  and  rolatilizi-si  without  deoompofiitian. 
pur«  penliu'bloride  in  black.     Its  vapor  has  a  dark  brown-rod  uolnr. 
aulphur-vellow  diobltiridH,  aud  the  red  truOtli^rido,  which  is  dt><x>ptiT 
liko  auiurphoiiij   phunphoruii,  haw   bevn  obtained  only  in  the  auiorphfl 
state;  thu  tetrachloride   \a  au   indistinctly  cr,wtalliue   brown   Bublin 
In  an  atiui>sphero  of  carbon  dioxide,  the  dichloride  bears  a  bright  red  i 
without   miriling  or  volatilizing  ;    the  trichloride,  under  the  same  circa 
stances,  is  resolved  into  di-  and  tetrachloride,  which,  when  again  Ueafa 
splits)  up  into  peutachloride  which  sublimes,  aud  trichloride  which  ren 
behind. 

The  di-  and  trichloride  are  quite  permanent  in  the  air  at  ordinary  I 
peratures,  and  insoluble  in  water;  the  tvtra-  and  peutachloride,  on       _ 
other  hand,  are  extremely  susceptible  of  the  action  of  oxygen,  and  moN 
particularly  of  moisture. 

Till'  dichloride  is  insoluble  in  niVnc  acid,  which,  however,  di&solvts  all 
the  other  obtorides.  The  dichloride  dissolves  easily  i"  \wl  hyiiroeJJunc  u<«/, 
with  aid  of  hout,  aud  crystallizes  therefrom  on  cxKilinj;,  in  long,  shiuiug, 
yellow  necdl.-s.  Mo,CI,.3H,0,  which  give  off  2H,0  at  lOtPO.* 

The  bromiiUt  of  molyUk-num  correspond  in  cuuijKisition  with  the  ahlo> 
rides  ;  there  is  aUu  an  oxy  bromide  ooutaiuiug  Mo*'Br,0,.  JH 

Flaorides. — Molylxionum  forma  three  fluoridts,  MoF„  MoP,,  and  MoF,, 
which  are  obt.'vined  by  dissolving  the  utirrespouiling  oxides  in  by  droll  uuri<: 
acid.  The  hej-fluoritlc  is  not  known  in  the  free  state,  but  only  in  oombina- 
tion  with  basic  metallic  lluorides  and  molybdated;  thus  there  is  a  potas- 
sium salt  containing  K,MuU,.K,MuK(. 


Oxides. — Molybdenum  forms  the  three  ozidei,  MoO,  MoO„  Mid  ', 
besides  several  oxides  iiiLcrmu<tiate  between  the  last  two,  which  may  I 
regarded  as  molybdio  molybdates. 

The  monojciiif,  or  MolybJoiu  oxide,  MoO,  is  produced  by  bringing  the  diox-' 
ido  or  trioxide,  in  presence  of  one  of  the  stronger  acids,  in  contact  with 
any  of  the  metals  which  decompose  water.  Thus,  when  zinc  is  immenied 
in  a  cunAHitrutod  solution  of  nn  alkaline  molyUlate  luixitl  with  a  quantity 
of  hydriKliloric  acid  Hulficiciit  to  redissolve  the  precipitate  first  tlir>>wit 
down,  zinc  chloride  and  molylxlous  chloride  are  formed.  The  durkM^Inn.! 
solution  thus  obtained  is  mixed  with  a  large  quantity  of  caustic  potiisli, 
which  precipitates  a  black  hydrated  motylidouB  oxide,  and  retain.<<  tin- 
zinc  oxide  ill  solution.  The  freshly-precipitated  hydrate  is  soluble  in  acids 
and  aminniiium  carbonate  ;  wheuhented  in  the  air,  it  burns  to  dioxide,  but 
wh.-n  dried  in  a  vacuum,  it  leaves  the  black  anhydrous  monoxide. 

The  iliuridf,  or  Moli/Mic  oxide,  Mo<1,,  is  obtained  in  the  anhvdrons  state 
by  heating  sodium  molybdate  with  sal-ammoniac,  the  molvUlie  trioxide 
being  reduced  to  dioxide  by  the  hydrogen  of  the  ammoniacal  salt ;  or.  In 
the  hydrated  state,  by  dig.«ting  metallic  copper  in  a  solution  of  niolyUiic 
acid  m  hydrochloric  acid,  until  the  liquid  assumes  a  red  oolor,  and  thel^ 
adding  a  large  excess  of  ammonia.  The  anhydrous  dioxide  is  deep  hmn 
and  insoluble  in  acids  ;  the  hydrate  resembles  ferric  hydrate,  and  dissolv 
in  acids,  yielding  refl  solutions.  It  is  converted  into  molybdio  acid 
strong  nitric  acid, 

Trioxide,  MoO, — To  obtain  this  oxide  (commonly  called  Afnli/fxlir  nriif^ 
native  molybdenum  sulphide  is  roastiMl,  at  a  ml  beat,  in  an  open  vi>s*r! 
ami  the  impure  molybdic  trioxide  thence  resulting  is  dissolved  by  amino 
nitt.  The  filtered  solution  is  evaporated  to  dryness,  and  the  salt  is  tiikr 
up  by  water  and  purified  by  crystallization.     It  is,  lastly,  deootutK«e 

•Lleehli  ami   Kempt,  Lteblg's  AanaIeD,o.  Ixlx.SMk 
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,  and  th«  unmoDia  expelled.  The  triozide  may  also  be  prepared 
dacnspoung  naUve  lead  molybdste  with  Bulphuriv  acid.  It  is  a  white 
Hytlall'***  pcnrdur,  fusible  at  a  red  heat,  and  itli^htly  nolublu  in  water. 
Tbv  anlativn  contains  moli/tjilic  nciil,  bat  this  acid,  or  hydrate,  is  not  k:ii>wn 
tatlw  BoUd  state.  The  triuxidu  is  i-aiiily  liititiolvi'd  by  nlkulies,  and  furiiia 
Mio •cries  of  *nlu,  viz.,  normal  ur  iirulral  moli/ljiJutr-t,  U,MoiJ,,  (ir  K,().Mo(lj, 
«a<t  aakifdrtimoli^tidalea,  or  bimulfUlatai,  U,MuU,.Mo<.>„  or  K,().2Mo<),,  the 
lytnbol  iC  deuuting  a  uuivalent  metal.  The  neutral  mulyl>d.it<-s  uf  the 
alkali -nietaU  are  eonily  soluble  in  water,  and  their  golutioiui  yield,  with 
tkr  «trt>Dg«r  acidd,  a  preeipitate,  either  uf  a  h«ss  soluble  bimolybdute,  or 
of  lliu  auhydruug  trioxide.  Tliu  otlii;r  molybdatea  are  insoluble,  and  are 
obtained  by  precipitation.  A««//  MolybJute,  PbMoO,,  occora  native  in 
/cUow  quadratic  pinteii  and  octohedroua. 
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Sulphide*. — Mulylnlennni  forms  three  sulphides,  MoS,,  MoS,,  and  MoS^, 

Om  laat  two  of  which  are  acid  eulphides,  furmiug  sulphur-aalts.     The 

ilpkide,  or  it'Jytxiic  tul/JiiJe,  MuS,,  occurs  native,  a.s  imtlyljdrnilc,  in  crys- 

lo-laminar  uia^ava,  or  tabular  crystals,  having  a  strong  metallic  lustre 

Itad-gray  color,  and  forming  a  gray  streak  on  paper,  like  plumbago. 

•ame  compound  is  produtMKi  artillcially  by  heating  either  of  the  higher 

antphides,  or   by  igniting  the  trioxide  with   sulphur.     When   roasted  in 

•OBIaot  with  the  air,  it  is  converted  into  trioxide. 

The  trirtlfJiiilt,  MoS„  coumionly  called  Sulpliomoli/Mic  acid,  is  obtained  by 
pMung  hydrogen  sulphide  into  a  concentrated  solution  of  an  alkaline 
■wlylilatv,  and  precipitating  with  an  acid.  It  is  a  black-browu  powder, 
which  is  dissolTod  slowly  by  alkalies,  more  easily  by  alkaline  sulphides 
Bad  •nlpbydrates,  forming  sul{>hur  salts  called  Sulpliomol j/Matet.  Most  of 
th—B  talta  have  the  composition  K,MoS,,  or  K^S.Mo.S,,  analogous  to  that 
•f  Uu>  moiylidattM.  The  sulpbo-molyb<lates  of  the  alkali-metals,  alkaline 
cartli-fiM'tAls,  and  magnesium,  are  soluble  in  wuter,  forming  solutions  of 
a  da*  red  color  ;  the  rt!St  are  insoluble. 

Tttrasutpkide,  MoS,. — This  is  also  an  acid  suliiliide,  forming  salts  called 
pwmilplvmiJjibilalai,  the  general  formula  of  wliicli  is  K,MriSj,  or  HiS.MoS^. 
Th»  polaisium  $alt  is  obtaiutd  by  boiling  the  sulphomolybdate  with  molyb- 
Aninm  trisiUphide. 

Molrbdona  salts,  obtained  by  dissolring  roolybdoos  oxide  in  aoldi, 
»r  nod  almost  black.     They  yield,  witli  Aj/rfroi/cn  raZ/iAiV/c,  a  hrown- 

♦■  iitiite  soluble  in  ammonium  sulphide  ;  with  iilkalirg,  and  «//«- 

U-,  I ;(iji,  a  brownish-black  precipitate  of  molylxlous  hydrate,  easily 

•nluble  in  aeid  [lot.issiuro  carlHinate,  or  in  ntniuonium  carbonate  ;  with 
petftfSMuiH  yVrrnryaniV/c,  a  dark  brown  pre<'ipitale  ;  with  ttMiium  yfwitjihatf.f  h 
«hit<-  precipitate. 

Solutions  of  mnlybdio  salts  have  a  reddish-brown  color.  When 
ilCMtad  in  the  air,  they  have  a  tendency  to  become  blue  by  oxidation.  In 
coateet  with  metallic  zinr,  they  first  blacken  and  then  yielil  a  black  preci- 
pitate of  molyUious  hydrate.  Their  reactions  with  altalirH,  /iy<W/en  tul- 
pluttr,  etc.,  are  similar  to  those  of  molybdous  salts  ;  but  the  ]jrecipitat<)8 
arc  lighter  in  color. 

Molybdates  are  colorless  unleiis  they  contain  a  colored  base.  S<du- 
ti<iii»  of  the  alkaline  molylxiates  yield  with  arida  n  pri-cipitate  of  molylidio 
trioxide,  soluble  in  excess  of  the  precipitant.  They  are  colored  yellow  by  ^t 
kftho^m  (ti//>/ii</r,  from  fonnation  of  a  sulplio-molylslat^  of  the  alkali-metal,  ^| 
Mkd  then  yiebl  with  acids  a  brown  precipitate  of  molylHlenum  trisulphide.  ^| 
Thix  is  an  extremely  delicate  test  for  molylxlic  acid.  They  form  white  ^| 
^^TFripitatea  with  the  suits  of  l\ia  eanh-iur)nh,  anil  precipitates  of  various  ^H 
^^Bllors  with  salts  of  the  hcai'y  meiah.    When  urMo-/'/io.«/i/ioric  uctd,  UT  a  Vw^uuV      ^ 
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containing  it,  is  added  to  the  solution  of  aiumoniam  moiylxlatv, 
with  un  exw8s  of  liydruolilorio  acid,  t)ie  liquid  turnii  yellow,  aud  after  j 
wliil«  dtipoaitd  a  yellow  preri]iitate  of  niolybdio  trioxidu,  oomliined  wif 
miiall  (juantitius  of  phosphoric  acid  and  ammonia.  This  pr<<cipitate  ' 
8nluhlt>  in  ammonia  and  likewise  in  ezi»'8s  of  thv  iilinsphaU'.  The 
is  thi>rufore  especially  adapted  for  the  detection  of  small  quautitie^  of  pha 
plioric  aeid.  The  pyrophosphates  and  metaphoaphnttra  do  not  produ 
the  yellow  precipitate.     Arsenic  acid  gires  a  similar  reaction. 

All  the  oxides  of  molybdenum  form,  with  borajc,  in  the  outer  blow-pi|^ 
flame,  a  liead  which  is  yellow  while  hut,  and  colorless  on  ixioling  :  in  tfa 
inner  flame,  a  dark  brown  bead,  which  is  opaque  if  excess  of  molyhdenunr' 
is  pr(«enl.  By  long  continued  heating,  the  molylidic  oxiile  m.iy  l>c  sepa- 
ratwl  in  dark  brown  llaki'S,  floatinj;  in  the  clear  yellow  glass.  With  ;./.■.!- 
nAnriu  tail  in  the  outer  flnrae,  nil  oxides  of  molyUlenum  give  a  Im-.v1  h  Imli 
IS  greenish  while  hot,  and  ivlorless  on  cooling  ;  in  the  inner  flaoie  a  vUai 
greon  bead,  from  which  mulybdic  oxide  cannot  be  separated  by  continued 
heating. 


CLASS  VII.— HEPTAD  METALS. 


Maxoavksb,  as  already  observed,  is  the  only  known  metal  referablaj 
this  cln-as,  and  it  is  more  oonTenienUy  described  in  oonnection  with 
iron  metals. 


laoN. 


CLASS  VIII^GROUP  I.— IRON  METALS. 


IRON. 

Atomie  weight,  M.    Symbol,  Fe  (Fcrrum), 

-I  important  of  all  the  inelnia  :    thi-rc  are  few  snhdtancwB 
I  in  inli-n-al,  when  it  is  ojnjsiilensl   how   very  iutimntrly 

xUm  a.ii"-i''<i^t;  L'i  its  jiruiR-rtJus  and  uses  U  conuovtMl  with  human  eivili- 
tati'ia. 

Hf>l«llio  iron  it  of  exc^Mingly  rare  opcnrrnnoo  :    it  has  been   fonnd  at 

Caaaaii.  in  Connecticut,  forming  a  vein  alKiut  two  inches  thick   in  niic^- 

Uktc  ;   but  it  enters  into  the  oompogitiou  of  many  of  thofia  extiaorclinary 

ttniirs  known  to  fall  from  the  air,  called  meteorittji.     Isolated  mosHea  of  mift 

<n4ll'4lilf>  iron  also,  of  large  dimensions,  lie  loose  njxm  the  surface  of  the 

lb  Aiiierira  and  elsewhere,  and  are  presumed  to  have  had  a 

1  :    tliese  Intter,  in   common  with  the  iron  of  the  undoubted 

iitain  nickel.     In  an  oxiilized  condition,  the  presence  of  iron 

to  Ix-  uiiivi-rsal  :    it  constitutes  a  great  yiart  of  the  common 

'<<T  of  rocks  and  soils  ;  it  is  contaiueil  in  plants,  and  forms  an 

.1  cumponunt  of  the  blood  of  the  animal  body.     It  is  also  very  com- 

ilie  statu  of  bisulphide.     Pure  iron  may  l*e  prepared,  according  to 

:  licb,  by  iutroducing  into  a  Hessian  crucible  4  parts  of  fine  iron  wire 

il,  and  1  part  of  black  iron  oxide.     This  is  oovere<l  with  a  mixture 

it,  lime,  and  i>otassium  cnrl>onate,  in  the  proportions  used  for 

,  and  a  cover  btnug  closely  applied,  the  crucible  is  exposed  to 

....,,  ...^i.   li'gree  of  heat.     A  button  of  pure  metal  is  then  obtained,  the 

tnon  of  carbon  and  silicon  present  in  the  wire  having  been  removed  by 

tiuoiygen  of  the  oxide. 

Puns  iron  has  a  white  color  and  perfect  lustre  :  it  is  extremely  soft  and 
tm^h,  ami  has  a  specific  gravity  of  7.8.     Its  crystalline  form  is  probably 
>->,  ti>  judge  from  ajipearaiicea  occasionally  exhibited.     In  gixMl  bar- 
wire,  a  distinct  fibrous  texture  may  always  be  oliserveJ  when  the 
'      -     •tacked  by  rusting  or  by  the  application  of  an  acid,  and 
II  of  this  Dlire  much  of  its  strength  and  value  depends. 

;■  nacioiui  of  all  the  metals,  a  wire  ^  of  an  inch  in  dinm- 

irina;  a  weight  of  60  lbs.  It  is  very  difficult  of  fusion,  and  before 
ufi  liquid  poiisea  through  a  soft  or  pasty  condition.  Pieces  of  iron, 
I  iir  hammered  together  in  this  state,  cohere  into  a  single  mass  :  the 
•n  is  termed  a-Miiir),  and  is  usually  performed  by  sprinkling  n  little 

ri  'lie  heali'd   metal,  which  combines  with  the  superlicinl   film  of 

«.  Mj;   a  fusible  silicate,  which  is  subsequently  forced  out  from 

Wtwnrn   111-   pieces  of  iron   by  the  pressure  applitnl :    clean  surfaces  of 
■Ml)  are  thus   pre«ented   to  each  other,  and  union  takes  place  without 
dtAmlty. 
ItBS  doc*  not  oxidize  in  dry  air  at  common  temp<>ratnres  :  heated  (o  ri>d- 
aiti.  It  beoamM  coveriKl  with  a  scaly  cwiting  of  black  oxid.!,  nnil  at  a  liigh 
y.'-aX  bums  brilliantly,  producing  the  same  sulistaiice.     In  oxygt>n 
■  combustion  ficenrs   with  still  greater  ease.      The  finely  divided 
mi-tal,   prepareil  by  reducing  the  red  oxide  with  hydrogen  gas, 
r«  siHjntaueouslv  in  the  air.   Pure  water,  free  from  air  and  cmWuo 
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i,  does  not  tarnish  m  snrfaoe  of  poligh«d  iron,  but  the  oombbiid  j 
of  (rw  oxygen  and  moistnre  spewiiljr  leads  to  tin?  prtxlactiuii  of  ru 
is  a  liydrnt«  of  tlie  gesqiiioxidc.     Tin'  rusting  of  Imii   i*  vrnnHi-rfl 
moUiil  liy  tlie  pfBseno*  uf  A  lilllr  acid  vajpor.     At 
puses  \rftt»"r,  evolving  liyiliogeii,  and  jwiKsitig  int"  i 
sulphuric  and  Iij-driH'ljloric  acids  dissiilrii  it  fri>;_i,    ...■.■   i.  [•,.r»tl 
hyrli-ogi-n.     Iron  is  Ktronglr  magnetic  up  to  a  rod  heat,  yrhva  it  Um 
trarcs  (if  tlial  reraarlsal'le  property. 

Iron  fonuB  two  classes  of  c<innpounds ;  namely  tlii>  ferrous  ea 
pou  mi  »,  in  wliieh  it  is  bivalent,  r.  g.,  FeCl,,  Fell,  KeWI^,  etc.,  aatl 
ferric  compounds,  in  wliirli  it  maybe  rewarded  either  ■■  triva' 
like  aiuuiinium,  or  as  ijundrivalent :  ferric  cliloride,  fur  example,  m<y 
dillier  Kefl,  or  He^Clg^rijFc — FeCI,  ;  the  vapor-density  of  this  c<>ui|iu« 
as  delenniued  by  Dcville,  is  iu  favor  of  the  latter  formula. 

Chlorides.  — Thn  diclJnriiie,  or    frrrou*  chloridt,    FeCl,,    Is    funnnt  | 
tranNiiiilting  <lry  hydrfwhloric  ai'id  gas  over  re<l-liot  metalliv  inn 
dissolving  iron  in  hydrochloric  acid.     The  latter  solution  yield 
duly  concentrated,  green  crystals  of  the  hydratcxl  dicliloride,  VA% 
they  ari>  very  soluble  and  deliqutweeiit,  and  rapidly  oxi>' 

Tin- triclilnrii/i:,  or  Frrrir  chluridr,  Fe,Cl,,  is  usually  pr 
Ing  fiTric  oxi'le  in  liydroeliloricacid.  Iliesolutinn. 
consistence,  deisisits  red  hydrat<ti  crystals  wlih  . 
water  and  aleoliul.  U  forms  double  salts  nilh  p<>l: 
anmioniao.  WIh'U  cva|M)ratod  to  ilryncss  and  sn 
Uie  cliloride  is  decomiKwed   yielding  sesqiiioxidc    i:  iM 

the  remnlniler  subllmoH,  and  afterwards  conduustvi  in   the  furm  of  I 
brilliant  red  crystals,  wliirh  deliijuesce  rapidly.     Anhydrous  ferric 
ride  is  also  priMlueiil  by  thn  action  uf  chlorine  U)>on  thn  briit.iii  metal, 
solution  of  ferric  cliloriile  is  cnpalile  of  di-i»i>lving  a  large  exr<-»>i  wf  r«»"«i 
precipitated  ferric  hyilrute,  by  which  it  arijuirv*  a  much  darker  culur. 

Iodides. — Frrroiu  vxliilr,  Pel,,  is  an  imfKirlant  rae<llii>'  •'   ^..•.•>.•■•■ 
it  ix  easily  m.-uln  by  digi^sting  iiwlinu  witli  water  and  if 
Bolutieii    is   p:ile-greeii,   and  yields,   on   evaporation,   ci  ■ 
those  of  Iho  chloride,  which  rapiilly  oxidi/.e  on  exjKwnr.'  iii  uir.     it  i 
I>ruserved  in  solution  in  contact  with  uxci'ss  of  iron. — f',rr».  irtilidt,  Vm 
is  vellonisli-rcd  and  solublo. 


Iron  Oxides  and  Oxysalts. — Tit 

namely,  ferrous  oKide,  Fed,  soil  ferric  ox |i|i>  |J 

rides,  and  an  inteniieiliale  oxide,  usually  call  „ .iJflL 

taming  Fe,U,  or  Fe(>.Fe,0,.     A  trioxiih-,  Fe<),,  Is  suppusMl  to  wSisi 
claxs  of  salts  called  ferrates,  bat  It  has  ii»t  been  iwdatcd. 

Slanoriilt,  or  FrrrnHn'in'tli',  KeO,— This  is  a  very  jHJWerful  basn,  ninlS 
ixing  a'ids,  and  iDmnorphnns  willi  mngni'sin,  thienxide   et<>.      (i   )■  ^g 
Un'i. 
ge- 
Cail'^t  ii;  .1 1  K  1 1 1   ••(    it  1 1  lull  III  11,    .1    Mil  1 1>  >     .1  II 1 1  I  III    j 

falls,  which  Ihhmhiii-k  mvirtv  black  wlieii  Imili  ' 
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llMlait'-'  »— iiT  ^  Tiyiirate.  It  ia  artifldallv  prpparml  by  precipitating  a 
■(•tiot.  -Mlpliatt^  or  clildriilH  with  <-xcHi<ti  of  aiuiiionia,  uiiil  wiuih- 

tkf,  <iT< ;  '    Igniting  tht<  yellowisli-tirown  liydrnte  tlm»  prcKluced  : 

tt»i  alkAli  niusl  not  he  ua>>d  in  this  operation,  ax  n  portion  ia  rutaineti  fay 
tbr  uxidv.  In  fine  powder,  tbia  oxide  has  a  full  red  irolor,  and  iti  usts]  as 
Ipigment,  Iwiiig  prepare4l  for  the  purpose  by  t-alcinatiou  of  fi^rrouH  sul- 

ttu;  the  tint  varies  somewhat  with  the  temperature  to  which  it  has 
m  exposal!.  The  oxide  i»  unaltered  in  the  fire,  althouj;))  easily  reduced 
■  ■  high  tetnpi-rature  by  earlion  or  iiydrogen.  It  dissolves  in  acids,  with 
Mealtj-  aft«r  strong  ignition,  forming  a  series  of  reddish  sails,  which 
klTe  an  acid  reaction  and  an  astrisgenl  taste.  Ferric  oxide  is  not  acted 
t^n  by  tbe  luognet. 

Tri/aTO-lrtTaridt,  Frrro$o-f'frric  oridt,  FejO,^FeO.Fe,0„  also  calli>d  black 
inmnriti*.  magnrtie  oriilr,  and  lomlnloue,  a  natural  proiiuct,  one  of  the  most 
til  he  iron-ores,  often  found  in  regular  octohedral  crystals,  which 

If  It  may  be  preparinl  by  mixing  due  proportiiiiLS  of  ferrous 

•)i  :is,  precipitating  them  with  excess  of  alkali,  and  then  lioiling 

Vtv  .  'Irates  ;  the  latter  then  unite  to  a  black  sandy  siibtjtance, 

OfL.  _     ■    minute  crystals  of  the  magnetic  oxide.     This  oxide  is  the 

A>«(  pnxluct  of  the  oxidation  of  iron  at  a  high  temperature  in  the  air  and 
ia  Mjucoiu  vapor.     It  ia  incapable  of  forming  delinit«  salts. 


I. — When  a  miztore  of  one  part  of  pare  ferric  oxide  and  four 
jaits  of  dry  nitre  is  heated  to  full  ri-<ine8s  for  an  hour  in  a  covered  cruci- 
Uc,  and  the  resulting   brown,  i><>rous,  deliquescent  mass  is  trenttMl  whvu 

ftjl'!   "■•'■    ■ i(  water,  «  deep  auiclhystiue-red  solution  of  |K)tassium 

fcr  .     The  Slime  suit  may  be  more  easily  prepared  by  pass- 

ing hrough  a  strong  solution  of  i>otneh  in  n  hich  recently  pre- 

dpitatnl  lerric  bydrato  is  suspended  ;  it  is  then  de}>08ited  as  a  lilack  powder, 
ihirh  way  b>!  drainid  upon  a  tile.  It  consists  of  K,FeC>,  or  K,U.FcU„  and  is 
therefore  analogous  in  composition  to  the  sulplinte  and  chromale  of  potaa- 
liam.  The  wilution  of  this  salt  gradually  dec<inii)0«e8,  even  in  the  cold, 
Ukl  rapidly  when  heated,  giving  off  oxygen  and  dc|Ki8iting  scsquioxide. 
The  Koliition  of  (utassium  ferrate  gives  no  jirccipitute  with  salts  of  calcium, 
aa^^eiiuro,  or  jitrontiom,  but  when  mixe<l  with  a  bnriuni  salt,  it  yields  a 
dc»p  rriruson,  insoluble  btiriumjirrulr,  UaFeO,  or  BatLFeOj,  which  ia  very 
pomaneut.  Neither  the  hydrf>geu-salt  or  ferric  acid,  Il,FcO„  nor  the  oor- 
lapuudiog  auhydrouii  oxide,  FeO,,  ia  known  in  the  separate  state. 

Pamkor*  Sclpuatk,  FeSO,.7n,0  or  FeO.POj.THjO.— Tliis  U-autiful  and 
at  salt,  commonly  called  yrrm  vitriol,  iron  vitriol,  or  cnjipirus,  may 
Bed  by  dissolving  iron   in  dilute  sulphuric  acid:    it  is  generally 
1.  however,  and  on  a  very  large  scale,  by  contact  of  air  and  mois- 
-"■mmnn  iron  pyrites,  which,   by  absorption  of  oxygen,  readily 
l^  ••  AulMtanMi  in  question.     Heaps  of  this  material  are  exposed 

|i.  :niil  the  decomi>osition  is  sufficiently  advanced  :  the  salt  pro- 

iaotd  is  then  dissolve<i  out  by  water,  and  the  solution  made  to  crystallize. 
KConn*  large  frTe«-n  crystals,  of  the  ooraiKisitlon  al>ove  stated,  which  slowly 
eflUirvM*  and  oxidize  in  the  air:  it  is  soluble  in  ainnt  twioe  its  weight  of 
»U  fiater.  Crystals  containing  4  and  also  2  molecules  of  water  have  lieen 
«l»tamed.  Ferrous  sulphate  forms  donble  salts  with  the  8ulphafl^8  of  po- 
lawiuni  aiiil  aniiiioniiim,  (vmtainiug  FeK,(SO,),.(ilI,0  and  Ki-(NU<),(SO,),. 
<ni,0,  isiimorphous  with  the  corresponding  magnesium  salts. 

Vtuuiic  ScLTtiATB,  (Fe,)''(SO,),  or  Fo,0,.3SO„  is  prepared  by  aiding  to 
aaolutibu  of  lit*  ferrous  salt  exactly  one-half  aa  much  sulphuric  acid  aa 
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it  already  contains,  raiding  the  liqaid  to  the  boiliog-iKiint,  ami  then  Ar 
ping  in  nitric  acid  until  the  Hulution  cuiues  to  blacken  by  such  additil 
The  rud  liquid  thus  obtained  furniaheii,  on  ovajioration  to  drynettx,  a  l>| 
colored  aniorphouji  mass,  which  (Ii.sH<ilvua  very  slowly  when  {lul  iuUiw 
With  the  liiilph.'ites  of  ]>otaKsiuiu  and  ammonium,  this  suit  yi«ldf> 
]XJnnds  having  the  form  aud  constitution  of  alums;  the  j»it 
for  example,  has  the  composition  Fe"'K(S0,)jl2H,0.  The 
nearly  destitute  of  color  ;  they  are  decjmposol  by  water,  and  n<.i.., mu. 
long  keeping  in  the  dry  state.  These  salts  are  U'st  ]>repare<l  by  ex)KHU 
to  spontaneous  evaporation  a  solution  of  ferric  sulphate  to  which  potaa&ig 
or  ammonium  sulphate  has  been  added. 

FIUIB0I7S  Nitrate,  Fe(NO,),. — Wtien  dilute  cold  nitric  acid  ii  mads  I 
act  to  saturation  upon  iron  inonosul|ihide,  and  the  solution  is  evafior 
in  a  vacuum,  pale-gre<fn  and  very  soluble  i:rystals  of  ferrous  nitrate  . 
obtained,  which  are  very  subject  to  alteration,     ferric  nitrate  is  readfl 
formed  by  pouring  nitric  acid,  slightly  dilute<l,  upon  iron :    it  is  a  da 
red  liquid,  apt  to  deposit  on  insoluble  basic  salt,  aud  is  used  in  dyeingJ 


FsKBoira  Carbohatb,  PcCOj  or  FeO.CO.. — Tlie  whitish    preoipitato  i 
tained  by  mixing  solutions  of  ferrous  salt  and  alkaline  carlxmate:  it  i 
not  be  washed  and  dried  without  losing  carbonic  acid  and  absorbing  i 
gen.     This  snlHttance  occurs  in  nature  as  spalhnse  iron  urr,  or  I'run  spnr,  I 
sociated  with  variable  quantities  of  calcium  and  magnesium  carl>onaU 
also  in  the  common  clai/  iron-stnnc,  from  which  nearly  all  the  Hritish  in 
ia  matle.     It  is  often  found  in  mineral  waters,  being  soluble  in  rxaestl 
carlmnic  acid  :  such  waters  are  known  by  the  rusty  matter  they  deposit  US 
ex|H>sure  to  the  air.     No  ferric  carlKinate  is  known. 

The  pliotphattt  of  iron  are  all  iuaolublo.* 

Iron   Sulphides. — Several  compounds  of  iron   and   snip]) 
known:  of  these  llie  two  most  imiiorliiiit  are  the  following.     The 
filtiiU,  iiT /rtrout  sulpliiilt,  FeS,  is  a  blackish  brittle  aultstance,  attra>?tcd 
the  magnet,  formed  by  heating  together  iron  aud  sulphur.     It  is  dissoU 
by  dilute  .'icids,  with  evolution  of  aulphurctted  hydrogen  gas,  and  is  cfl 
stautly  employed  for  that  purpose  in  the  lalioratory,  Ix-itig  made  by  [ 
jecting  into  a  red-hot  crucible  a  mixture  of  2^  parts  of  sulpliur  and  4  pi 
of  iron  filings  or  Iwrings  of  cast  iron,  and  exchnling  the  oir  as  much 
possible.     The  same  substance  is  forniei)  when  a  bar  of  white-hot  iron 
brought  in  contact  with  sulphur.     The  biiul/ikide,  FeS„  or  in>n  pyritM,  j 
a  natural  proiiuct,  occurring  in  rocks  of  all  ages,  and  evidently  formed  f 
many  oases  by  the  gradual  deoxidalion  of  ferrous  sulphate   by  organ 
matter.     It  has  a   brass-yellow  color,  is  very  hard,  not  attractt>d  by 
m'ignet,  and  not  acted  ufKin  by  dilute  acids.     When  it  is  exjKWiil  to  he 
sulphur  is  expelled,  nml  lut  interiiie<liiile  sulphide,  Fe^S,,  auHlnj^ous  to  I 
black  oxide,  is  produced.     This  substance  also  occurs  native,  uuder  til 

•  Trifcrrout  orl)iopliosph«te  Fe,P,0,.A<j,  muy  he  prepnred  from  ill-mlic  orlhfl»_ 
phofiphnli)  Anil  ferroui  aulphnte,  their  •olutloiit  tiavlng  been  prrvlr>'; 
of  *ir  bjr  boiling.    The  pret>iplt«te  muiu  lie  wsahrd  niul  dried  out  of 
It  li  •  white  jiuwiler,  Innnlulile  In  cold  wnter,  noluble  in  dilute  minei  , 
nllehtly  IncarboaloHDd  dilute  Hcrtloncid.     Ammonli  dUanlvci  It.forniini:  j^ 
•obillua.  beoomlng  turbid  on  expoiure  to  the  »ir.     When  the  reeenl  iireclp 
wtfihed  And  dried  with  expoiure  to  the  nlr.  It  U  oxidixed,  beconiliiic  htiie, 
to  the  ferrosoferrle  nrtliophotphitte  conlslnInK  •JFp,P.(),(Ke,0,PO,i  A<|iv 

Ferrlti  pyroidHmph^le.  Ke,P..<  Iji,  Aqt.,  U  iirepjireil  ljy*p''eeii>ltntlng  neutrftl  frrlj 
Qhlnrlde  by  sodium  p)-ro)ihotii>hitte.  White  |Kiwder.  Involuble  In  wjiter.  aoluv 
la  acids,  lalutlon  of  sodium  jihosphate,  nmmoDia,  and  Its  carboaatn,  -  ft.  U. 
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«(nu>  nf  muttmttit  pifrila.     Iron   pyrites  is  the  material  now  cliiefly  pin- 
l'  i,.-  luanufai-tare of  aulpliuric acid  ;  for  tliis  purpose  tliH  luinvral 

f  I     LI   a  curri-nl  of  air,  ami   iIik  siilpliuruus  aoiil  foriiaol  is  pnssiMi 

iak>  ilit<  lcsi<l  chambers;  the  residue  coiMLstit  ol  irou  oxidt>,  friHjuenlly  roii- 
a  iiniinlilr  of  uuppt^r  largK  <*nuugh  Ut  r<iii<li-r  the  extraction  of  that 
i  ve. 

iron  with  p/iotphorut,  carbon,  and  >i/imn  exist,  but  little  in 

.(.. .  .i,.j^  them  in  a  definite  state.     The  earUmide  is  eontaiiied  in 

and  in  sttwl,  to  which  it  lyiimnunicatefl  ready  fusibility  ;  the  sili- 

ipuunil  is  also  founil  in  cost  iron.     I'hiaphorus  is  a  very  hurtful 

tasoe  in  twr  iron,  aa  it  renders  it  brittle  or  colJ-aiiort. 


Rkirrioss  or  Ibox  Sai,t8. — Ferrous  salts  are  tlins  distinguished  :— 
CauMttc  iiUtilUt  aod  nmiimnin  give  nearly  white  preeijiitates,  insidulile  in 
nr— 1  if  the  reagent,  rapidly  beoomiufj;  groeu,  and  ultimately  brown,  by 
npoiUre  to  air.  The  rarhiinutrs  of  jiotaMium,  stxiium,  and  iimmonium  throw 
imnt  whitish  ferrous  carlKiante,  also  very  subject  to  change,  llijilroyrn 
mifkA  Riv«4  no  precipitate,  but  anntwnium  sulfthidr.  throws  down  black  fer- 
KH13,  «u!iiliide,  soluble  in  dilute  acids,  i^tinxinm  J'emtcyttnitlc  gives  a  nearly 
V  .':tat^,  becoming  deep-bluu  on  exposure  to  air  ;  thu /erricyaiHie 

gi  .  .'  a  (luup-blue  precipitate. 

Farri«   salts   arc  thus  oharacteriied  : — 

"r.</«/i«/iV«  and  u«u/io«iii  give  foxy-red  precipitates  of  ferric  liy- 
dr  ilile  in  excess. 

iur  ■'•  -    i-i'ive  in  a  siuiil.'ir  manner,  the  carl>onic  atMd  escaping. 

S^droi/  t  nearly  wliite  precipilato  of  sulphur,  ami  rinluves 

Uie>n— i  ii'ixide.     .ti«»i<m(um  »m//(AiV/<"  givi«  a  black  precipitate, 

v  ttolubie    ill    excess.      fStdiKKittm  Jrrrwtinnidtt  yields    PrusniftM    blue. 

.le  or  infusion  of  ynli-nulu  8trik<^  int<?nse  bluish-bluck  with  the  luoat 

ute  iHilutiona  of  ferrit:  salta. 


on    Mannfacture. — ^This  most  important  branch  of  industry 
liaU,  aa   m>w   r-onductod,  of   two  distinct   parts — viz.,  the    jiroduction 
the  OT^  of  a  fusible  carbonido  of  iron,  and  the  suliseqacnt  decom|iosi- 
of  the  tarbonide,  and  its  conversion  into  pure  or  malleable  iron. 
le  clay-iron  ore  is  found  in  association  with  cxial,  forming  thin  beds  or 
aloa  :    it  cwnsists,  as  alre.idy  mentioned,  of  ferrous  cnrlxmato  mixed 
h  day  ;  sometimes   lime  and  magnesia  are  also  present.     It  is  broken 
.'id   exposed  to  heat  in  n  furnare  resembling  a  lime-kiln,  by 
II  V  ater  and  carbonic  acid  are  expelled,  and   the  ore  rendered 

I    denser,  and   also  magnetic:    it  is  then  ready  for  reduction, 
jn  which  this  operation  is  performed  is  UKUnlly  of  Tery  large 
TiO  feet  or  more  in  height,  and  constrncte<i  of  brickwork  with 
!y,  the    interior    being    lined  with    excellent    fire-bricks;    the 
III-  untlerstood  from  the  section  shown  in  fig.  11)9.     The  fHma<« 
el'oe  at  the   liottom,  the  fire   being  maintained  by  a  powerful  artificial 
•1   intp'liieod   by  two  or  tbri-e   tiri/rrr-iiipm,  as   shown  in  tlie  section. 
ing  of  due  pnipcvriiiin  of  coke  or  carlxmized   coal, 
'ine,  are  constantly  supiilii-d  from  the  top,  the  opo- 
jiriniH-iiiti;:  i oiiiinuoiisl V  night  and  day  often  for  years,  or  until  the 
3ti» 
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furimce  ia  judged  to  require  ropixir.     In  tlie  upp^-r  part  of  tbo  fum 
where  the  tomperataro  ia  still   very  hi(;h,  and  whrrn  cmnbuHtible  gi 

nlK>iinil,  the  iron  of  llii-  on-  is  pn>likl 
redurwi  to  the  ractallic  state,  being 
seminated  tliroagh  the  earthy  matlt'r 
the  ore.  An  the  whole  ginka  down  ai 
attains  a  still  higher  degree  of  heal,  ttin 
iron  hetximes  iy>nverted  into  carlKmide  hy 
cfmniliiliitn,  while  the  silica  and  alumina 
unite  with  the  lime,  purposely  add<^,  to 
a  kind  iif  glass  or  ilni/,  nearly  free  fr>.oi 
iron  oxide.  The  carbonide  and  slag,  inAk 
in  a  melted  state,  reach  at  lant  the  boti  ' 
of  the  furnace,  where  they  arrange  tin 
selves  in  the  order  of  their  denHitii« 
slag  llows  out  at  n-j-taiu  apertures 
trivwl  for  the  purtiuse,  and  the  irxin 
dischargi'd  from  time  to  time,  and  suffenxl 
to  run  into  rude  moulds  of  saml  by  o|>en- 
ing  an  orifice  at  the  bottom  of  the  recipi- 
ent, previously  stopped  with  clay.  Suck 
is  the  origin  of  crude,  catl,  or  piy  ii 
which  there  are  several  varieties,  dii 
giiislied  by  dilferences  of  cfdor,  liantn( 
and  comjKisition,  and  known  by  the  nai 
of  ijriii/,  lilink,  ami  uHle  iron.  The  firM 
for  must  puri>nsHs  the  best,  as  it  admits  of  being  Cli<il  and  cut  witli  peifr<i 
ease.  The  black  and  gray  kinds  probably  contain  a  mechanicAl  admixturd 
of  graphite,  which  separates  during  solidification. 

A  great  improvement  in  the  original  mode  of  condacting  the  proccvswas 
the  substitution  of  raw  coal  for  coke,  and  the  blowing  of  hot  air  iiustcad 
of  cold  into  the  furnace.     This  is  effected  by  causing  the  air,  oii  leaiving 
the  blowing-machine,  to  circulate  through  a  system  of  red-hot  iron  ; 
until  its  tem]ierature  becomes  high  enough  to  melt  lead.     This  ah 
effects  a  prodigious  saving   iu   fuel,  without  iujury  to  the  quality 
pnxluut. 

The  conversion  of  oast-  into  bar-iron  ia  effected  chiefly  by  an  operati 
calknl  fiiulilliiii/,  previous  to  which,  however,  it  sometimes  undergoes  a  pro- 
Ci-ss  callinl  rffininy,  which  consista  iu  remeltiug  it,  in  contact  with  the 
fuel,  iu  small  low  furnaces  called  ri;/inrriV»,  while  air  is  blown  over  its  sur- 
face by  nieana  of  twyeres.  The  effect  of  this  operation  is  to  deprive  the 
iron  of  a  great  part  of  the  carlmn  and  silicon  associated  with  it.  Ttaa 
metal  thus  purified  is  run  out  into  a  trench,  and  suddenly  i\H>l«d,  fl 
whirli  it  Iwomes  whiti',  cryst.nlline,  and  excecnlingly  hard:  in  this  »l$M 
it  is  cjilled./idf  metal.  The  pu<ldling  is  conducted  in  an  ordinary  reverlifl 
rntory  furnace,  into  which  the  charge  of  crude  or  of  flue  metal  is  inlffl 
duiHtd  hy  aside  aperture.  This  is  speedily  midti>d  by  the  llanie,  and  ■ 
snrfaee  covered  with  a  crust  or  oxide.  The  workman  then,  by  the  aid  <■ 
an  iron  tfwl,  diligently  stirs  the  melted  mass,  so  as  intimately  to  mix  ifl 
oxidi-  with  the  metal ;  he  now  and  then  also  throws  in  a  little  water,  wifl 
the  view  of  promoting  more  rapid  oxiilntion.  Small  jets  of  blue  flume  so^ 
Bjipenr  u|>on  the  surface  of  the  iron,  and  the  latter,  after  a  time,  lK>gin«fl 
lose  its  fluidity,  and  •iciiuiri's,  in  succession,  a  pasty  and  a  granular  f^nfl 
dilion.  At  this  (sunt  the  fire  is  strongly  urgisi,  the  sanrly  p-orticle*  niifl 
more  tvtliere,  and  the  contents  of  the  furnace  now  admit  of  lieing  fornifl 
Julo  several  large  balls  or  masses,  which  are  then  withilrawn,  and  pla^fl 
uiiilrr  ou  immense  hammer,  moved  by  TaanUiuery,  by  which  each  U^ouinfl 
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■lion  of  f< 


•it«?.     It  is  Rrtiflcially  prppareil  bv  prPcipHating  a 
lit"  iir  liildriilf  willi  exct-ss  "f  ammonia,  ami  wnsh- 


tlx 


i"llowi»h-l>rown  hvdr 


drying, 

iiU4  Klk:Ui  mUAt  not  Ik  119x^1  in  tlii:*  uprration,  a.4  a  purtinn  is  rutuiuvd  by 
llir  uxi'lv.  In  One  p«jwder,  thi«  oxide  lias  a  ftill  red  eulur,  aud  is  uiied  ai 
■  figawnt.  tt'ing  prepared  fur  the  purpose  bj  ealciiintiun  uf  ferroao  suU 
ybUa;  thi-  tint  raricit  somewhat  with  the  temperature  to  which  it  has 
lam  «xp«ikMi.  The  oxide  in  annltered  in  the  fire,  nltlion^h  easily  reduced 
Ma  high  t«<tui>erature  hy  earliou  or  hyilro^eu.  It  dissolves  in  aeids,  with 
UBaalty  af(<<r  strung  ignitinu,  forming  a  series  of  reddinh  salts,  which 
kwv  an  acid  reaction  and  an  antriugenl  taste.  Ferric  oxide  is  not  acted 
»faa  bjr  the  magnet. 

Trifrrro-trtToridt ,  Frrroto-jrrric  oxide,  Fe,0,^FeO.Ft!jOj,  also  called  black 
rn  njnrf'.  nnijtirtic  nxiilr,  anil  liHuUlone,  a  natural   priHhiit,  one  of  the  moat 
'     hi"  mn-iirm,  often  found  iu  regular  oc'tohe<iral  crystals,  which 
U  may  be  prepan-d  by  mixing  due  pro|x>rti<ins  of  ferrona 
y  reeipitating  them  with  excess  of  alkali,  and  then  Ixtiling 
■  h;   the  latt'T  then   unite  to  a  black  sandy  sulwtance, 
.....,ute  crvdtals  of  the  rangnetic  oxide.     This  oxide  is  the 
:  i>f  the  oxidation  of  iron  at  a  high  temperature  in  thu  air  and 
^  .tpor.     U  is  iiicapable  of  forming  deiiuite  salts. 


a. 

ex: 

cl. 


FmtATH. — When  a  mixture  of  one  part  of  pnre  ferric  oxide  and  four 
parte  of  dry  nitre  is  heated  to  full  redni'sa  for  an  hour  in  a  covered  cruci- 
M*,  and  tlic  resulting  brown,  porous,  tleliquescent  mass  is  treated  when 
«ald  with  iw-eold  water,  a  deep  amethystine-red  solution  of  fiTJtassium 
farrale  is  obt.'vined.  The  same  salt  may  be  more  easily  prepared  by  puss- 
107  ,1.1, rill.  ,,:i-  ilimugh  o  Strong  solution  of  potash  in  which  reei'iilly  pre- 
t,  1  !  rate  is  suspended  ;  it  is  then  deposited  ns  n  black  powder, 

»;.  ,  I  lied  upon  a  tile.    It  consists  of  K,Ket),  or  K.^U.KiO,,  and  ia 

lhtir«b>re  luuib'guos  in  cumjiosition  to  the  sulphate  and  chromate  of  potaa- 
Itan.     Tlie  solution  of  this  salt  gradnally  decomposes,  even  iu  tlio  cold, 
, I, idly  when  heated,  giving  olT  oxygen  and  depositing  sesquioxide. 
iiiou  of  {Kitossium  ferrate  gives  no  precipitate  with  salts  of  calcium, 
■lum,  ur  strontium,  but  when  mixed  with  a  buriuni  salt,  it  yields  a 
ifmsou,  in.»oluble  iMiriiimJ'trralt,  BaFeO,  or  B«(i.l''''0„  which  is  wry 
ai.     Neither  the  liydr'>geUHjalt  or  ferric  acid,  llgl'VOj,  nor  the  cor- 
WaponJing  anhydrous  oxide,  FoO„  ia  known  in  the  separate  statu. 

Vnwavt  Sn-pnATB,  FoSO,.7n,0  or  FcO.SO,.7n,jO.— This  lH«autiful  and 

hnjMirt.tnl  fislt,  ".mmonly  called  green  rilriol,  iron   t-ilriol,  or  cojipfraa,  may 

U  -solving  iron  in  dilute  sulphuric  acid:    it   is  generally 

I  . .  and  on  a  very  large  scale,  by  i-ontuct  of  air  and  mois- 

1,  ,^.iiuii..ii   iron  p^-rites,  which,   by  alworption  of  oxygen,  readily 

■  ?  the  sulistancc  in  question.     Heaps  of  this  material  are  exjKised 
ir  iiiilil   the  decnni|s»iition  is  sufficiently  advance<l  :  the  salt  pro- 

'I  dissolved  out  by  water,  and  the  solution  made  to  crystalline. 
,,  ^pon  crystals,  of  the  composition  above  stated,  which  slowly 
,  ami  oxidize  in  the  air :  it  is  soluble  iu  aliuut  twice  its  weight  of 

■  ter.  rryst;ils  i)ontaining  4  and  also  2  molecnU-s  of  water  have  been 
o|.e.iiii.vl.  F,  '[.hate  forma  double  salts  with  the  sulphates  of  po- 
taoium  ami  ".  containing  FcK,(S(),)..(;il,;0  and  Fe(NH4),(S04),. 
filI,(J,  isoniori.i...,.-  ^  .ili  the  corresponding  magni<sium  salts. 

Fnuuc  SfurnATB,  (Fe,)''(SO,),  or  Fe,0,.3S0„  ia  prepared  by  adding  to 
a  toiutlon  of  the  fcrroua  salt  exactly  one-half  as  much  sulphuric  acid  aa 
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aoma  substance  capable  of  r<>(<iBting  the  fire,  and  expcatti  for  nutny  ha 
to  n  full  ntl  huat.     Tliv  iron  takes  up,  iiiidur  tittup  cinrnnistamw)).  fmoi  ] 
to  1.7  per  tviit.  uf  i;urlMiii,  InMNiuiiiig  hunlcr,  and  »t  thi*  t^iniue  timtf  fuait 
with  a  iH-rUiin  liiiiiinutiiin,  hiiwi'Ver,  of  uialK>altility.     The  aetivu  agent] 
this  ceuuMitJitiou  proi'4>!(H  is  )>i'ol>(ihly  carbun  niiinoxiiiv:   the  oxy^vn  of  I 
nir  in  tht-  cruiililt;  >Himl>ines  with  tin-  carbon  lu  form  that  siibHtanie,  whid 
ia  at'ti'r\rarils  dcconijMwiMl  hy  the  hi-al(Ml  iron,  one-half  of  its  oarlMiu  b<'i 
al»<lraoli-<l   by  llie  laiii-r.     The  earlwu  dioxide   thus  forniwl   takes  up 
atlditioual  dose  of  carbon  from  the  charcoal,  and  n^ain  bel^omes  inonoxiil 
the  ojtygou,  or  rather  the  uarlMiu  dioxide,  acting  as  a  carrier  In'tween  i 
charcoal  and  the  metal.     The  product  of  this  operation  Is  called  Uuto 
ateel,  from  the  blister«<d  and  rough  a]>j>eurance  of  the  bant :  the  textar 
aft<Twards  improved  and  equalized  by  welding  a  number  of  these 
together,  and  drawing  the  whole  out  under  a  light  tilt-hammer. 

Some  chemists  have  recently  asserted  that  nitrogen  is  nec<?Bsary  for  I 
pro<luclion  of  steel,  and  have,  in  f.ict,  attributed  to  its  presence  the  jmcuUi 
properties  of  this  material ;  others,  again,  have  disputed  this  assertion,  i 
believe  that  the  transformation  of  iron  into  8te«d  depends  upon  the  i 
Itttlou  of  varlxMi  only  ;  experimentally,  the  question  remains  undeoide      

Kxcellent  sUmiI  is  obtained  by  fusing  gray  cast-iron  with  tungstic  oxidx; 
the  carboii  of  the  iron  reduces  the  tuugstic  oxide  to  tungsten^  which  foniu 
with  the  iron  an  alloy  possessing  the  properties  of  steel.     The  quantity) 
tungsten  thus  alisorbed  by  the  iron  is  very  small,  and  some  chemists 
tribute  the  properties  of  the  so-calle<l  tungsten  steel  to  the  general 
ment  rather  than  to  the  presence  of  tung,sten. 

The  must  perfect  kind  of  steel  is  that  which  has  umlergono  fusion,  I 
ing  been  cast  into  ingot  moulds,  and  afterwards  hammered  :  of  this  all 
fine  cutting  iiutruinenls  are  made.  It  is  ililBcult  to  forge,  requiring  great 
skill  and  care  on  the  part  of  the  operator. 

Steel  may  also  l>e  made  directly  from  some  partionlar  varieties  of  caot- 
Iron.  as  that  from  spathose  iron  ore  <Mmtaining  a  little  manganese.   The  iiK'tal 
is  rotaini-d,  in  a  melti'd  stale,  on  the  hearth  of  a  Curnace,  while  a  fii.,im 
of  air  plays   upon  it,  and  causes  partial   oxldatiim  :    the  oxiile  pri>.liKi>.l 
reacts,  as  Ixifore  stated,  on   the  carlxm  of  the  iron,  anil  withdrawn  a  |i«>r- 
tion  of  that  element.     When  a  proper  degree  of  stiffness   or   pastin>^<.  is 
olwer\-e<l  in  the  residual  metal,  it  is  withdrawn,  and  hammert«l  or  rollwl 
into  bars.     The  wait:,  or  native  steel  of  India,  is  probably  ma>le  in  Ihi* 
manner.     Annealed  cast-iron,  sometimes  called  run  ilrrl,  is  now  uiuoh  i^fl 
ployed  as  a  snbstilute  for  the  more  costly  products  of  the  forge  :   the  ai^| 
oles,  when  cast,  are  emlHwlihil  in  powdere<l  iron  ore,  or  some  earthy  materil^f 
and,  afU^r  being  exjxised  to  a  moderate  tM  heat  for  some  lime,  are  allowjj 
tooool  slowly,  by  which  a  very  great  degree  of  softness  and  mulleability^| 
attained.     It  is  very  |M>!>sible  that  some  little  decarl>ouizalion  may  tafeH 
place  during  this  process.  H 

Cast-8t<H'l  may  also  Iw  made  in  Siemens's  rotatory  furnace  aliove  dfl 
ScrilHid,  the  balls  U'ing  transferred  from  the  rotator  to  the  Ixith  of  a  *t<<^| 
melliiig  furnace  in  their  heated  condition,  and  without  subjecting  them^f 
previous  c<m»olidatiou  under  a  hammer  or  shingling  machine.  It  is  jiosiH 
hie,  however,  to  push  the  operation  within  the  rotator  to  the  point  of  a|B 
taining  cast-steel.  For  this  purpose  the  relative  amount  of  carl>onac<-<>i« 
matter  is  somewhat  increased  in  the  first  instaJiee,  so  that  the  ball,  H 
ahingl.Hl,  would  l>e  of  the  nature  of  paddled  steel,  or  even  oouUin  soi^l 
carlxin  mi-chanically  mixed.  ^B 

Hatriuir  strrJ  is  pr<Kluce<l  by  forcing  atmospheric  air  into  melted  caiS 
Iron.  The  carlion  being  oxidi»ed  more  reailily  than  the  iron,  it  is  eonvert^f 
into  carbon  mimoxide,  which  ei.cap<-s  in  a  sufficiently  heated  stato  to  t»lH 
Hre  oil  Ciimiug  in  contact  with  atmospheric  air.     Considerable  beat  is  genH 
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7r:it<".     It  is  artiflelnlly  prppared  bv  precipitating  a 

:itv  or  c-|il<iri<li'  with  cxi-iiiH  of  ainiiioiiia,  and  wiuth- 

inj  thf  ri'llnwiHb-brown  livdrntp  thus  producwi: 

■  uii<^l  111  thin  ojHTBtiiin,  as  a  jiDrtiun  is  retaiuul  by 

xlvr,  this  uxidf  bns  a  full  rt^l  ixilor,  niid  is  used  as 


(frigm«nt,  bt^iig  prvpartxl  for  tb«  i>nrpo6e  bjr  calcinatiou  of  ferruaii  buI- 
pfcati-:  the-  tint  varies  souiewhiit  witb  the  tempvmtari'  tu  which  it  hag 
l>  1.    The  nxidt)  is  nnaltrred  in  the  fire,  although  eauily  reduciHl 

It  i>(ieralare  by  carlnm  or  hyilrogen.     It  dissolvus  in  acids,  with 

llIDcDiiv  .Al<>-r  strong  ignition,  forming  a  aeries  of  reddii^h  salts,  which 
ka.Te  an  &i'id  reaction  and  an  astringent  taste.     Ferric  oxide  is  not  acte<l 

Kj,.,.    l.v     11.. r,,.;t. 

. .  FtTTont-ffrric  oride,  Fe,0,=FeO.Fe,0,,  also  calltMl  black 
ir-  •  nritir,  uuA  lixuUlane,  a  natural  product,  one  of  the  nicirt 

valuable  o«  IIm:  iron-ort-s,  often  found  in  regular  octohedral  crystals,  which 
Iff  ni.'»'_'ii>-lir.  It  may  Ix;  prepared  by  mixing  due  proportions  of  ferrons 
at.  M*,  iirvcipilating  tbeui  with  excess  of  alkali,  and  then  Imiling 

tl,  vdrates  ;   the  latter  then  unite  to  a  black  sandy  substanc«, 

f  minute  crvbtalu  of  the  magnetic  oxide.     This  oxide  is  the 

il  t  of  the  oxiitation  of  iron  at  a  high  tcio|ierature  in  the  air  and 

ih  _j-^.-~  vapur.     It  is  incapable  of  fonoiug  deiluitu  salts. 


PcBXATKS. — Wlien  a  mixture  of  one  part  of  pure  fcrrio  oxide  and  four 
BWtoofdry  nitre  is  heated  to  full  redness  for  an  hour  in  a  covered  uruoi- 
tla,  and  Iho  r<~<iilting  brown,  porous,  deliqucsc^-nt  mass  is  treated  when 
«tJ4  wii  <  i   water,  a  de<>p  amethystinc-re<l  solution  of  ]>otaHsitim 


(errau  . 
iof  okl' 
MUU" 

tlHm(<>r 


The  some  salt  may  Ih;  more  easily  prcjiared  by  pass- 
lirough  a  strong  solution  of  jKilasb  in  wliicb  rcci'Utly  pre- 
irale  is  suspended  ;  it  is  then  deposited  n«  a  black  powder, 
iiwl  ujMin  a  tile.  It  consists  of  K,I'eO,  or  K./).FcO„  and  is 
^n  in  c<iuiiM>sition  to  the  sulphate  and  chromate  of  )>otas- 
i"U  of  this  salt  gradually  decomposes,  even  in  the  cold, 
IBil  rapiilly  vibeii  heated,  giving  off  oxygen  and  depositing  sesijuioxide. 
Tile  soluliou  of  potassium  ferrate  gives  no  precipitate  w  ith  salts  of  calcium, 
Mgnasium,  or  strontium,  but  when  mixcil  with  a  barium  salt,  it  yields  a 
4«qi  erimsDD,  insoluble  iMirium/rrrate,  Bal'VO^  or  BaO.FeO,,  whicb  is  very 
fmianent.  Neither  the  hydrogen-salt  or  ferric  acid,  ll,Fi<)j,  nor  the  cor- 
IBpoodiiig  anhydrous  oxide,  FeO„  is  kjiown  in  the  separate  state. 

Tntaors  Sitiphatii,  FeS0,.7n,0  or  FeO..SO,.7H.p.— Tliis  t>eautiful  and 
important  salt,  commonly  called  prrrn  ritnnl,  irim  vitriol,  oi  ciijiinms,  may 
k«  obtained  by  dissolving  iron  in'dilute  sulphuric  acid:  it  is  generally 
fuvpari'd,  however,  and  on  a  very  large  scale,  by  contact  of  air  and  mois- 
ta»«  with  c«inirnon  iron  pyrit^'S,  whicli,  by  absorption  of  oxygen,  readily 
hmiiUni  the  sul>8tano«  in  question.     Heaps  of  this  material  are  exposed 

lo  Ute  n  -  '   tlie  deconi|HJ!iition  ia  sufficiently  advjiuced  :  the  salt  pro- 

dsosd  :  .i|ve<l  out  by  water,  and  the  solution  ma<le  to  crystallizo. 

Ittfvnut  ;.  -,.  ^  11  crystals,  of  the  composition  aliove  stattii,  which  slowly 
*SiirMo«  and  oiidiie  in  the  air:  it  is  soluble  in  nlwut  twice  its  weight  of 
«nM  wster.  Crystals  eontaining  4  and  also  2  moleonh^s  of  water  have  been 
•I.  Ferrous  sulphate  forms  double  s.ilts  with  the  sulphates  of  po- 
.J  and  ammonium,  containing  FeK,(Sf),),.()H,0  and  Fe(NH4),(S04),. 
<i|l,<  >.  iMHiiorphous  with  the  corresponding  magnesium  salts. 

Vmttic  fitrLPOATa,  (Fe,)''(80,)j  or  Fn,0,.3SO„  is  prepared  by  adding  to 
a  aolutiou  of  the  furrouv  salt  exactly  une-half  as  much  sulphuric  acid  m 
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precipitating  a  loluble  nioka)  salt  with  caustic  potash,  and  wasliing,  < 
iug,  anil  igiuting  the  apple-gretm  hjrdratetl  oxide  tlfrown  duwii.     It  is 
asli/-gray  i>uu(l(;r,  frtn-ly  ttululilu  in  ooidH,  which  it  miuplflcly  neatralii 
forming  salui  i^omorphous  with  those  uf  uiagnt'Aiuiu  and  the  other  menili 
of  the  same  group.     Nickel  salts,  when  hvdratcd,  have  uduall/  a  b<.<autil 
eiuerald-grecli  color  ;  iu  the  auhydroUB  stale  tliey  are  yellow. 

The  srsr/iiiusiilr.,  Ni,()„  is  a  liluck  insoluble  sulwtanct?,  prepared  by  [ 
chlorine  through  the  hydratud  u)onoxi<le  sniiiiH-udi^l  in  wattfrj  uicJcel  ch^ 
ride  ia  then  formed,  and  the  oxygen  of  the  oxide  dei-omposed  it>  traiutferr 
t<>  a  Beo<ind  portion.  It  is  also  produc«i  when  a  salt  of  nickel  is  mil 
with  a  solution  of  bleaching-powder.  The  aesquioxide  is  dtHMimjwsed 
heal,  and  evolves  chlorine  when  treated  with  hot  hydruuhluriu  avitl. 

NiCKBL  SnuBATB,  NiS0,.7Il|0. — ^This  is  the  most  important  of  the  dm 
salts.     It  forms  green  j>risin«tio  crystals,  which  require  3  parts  of  i 
water  for  solution.     Crystals  with  six  molecules  of  water  hove  also 
obtained.     It  forms  with  the  sulphates  of  potassium  and  auunoniiun  < 
tiful  double    salU,    NiK,(at),),.t!ll,0,    and    Ni(NU,),(SO^),.(>H,0, 
phous  with  tho  corresponding  mngnosium  saltx. 

When  a  strong  solution  of  oxalic  acid  is  mixed  with  sulphate  of  nic 
a  pale  bluish-grefU  precipitate  of  oxalate  falls  after  some  lime,  very  I 
Jiiokel  remaining  in  solution.     Tho  oxalate  can  thus  b«  ublaiued  for 
paring  the  metal. 

NicKBL  CAnno.vATK,  NiCO,. — ^Whcn  solutions  of  nickel  sulphate  or  ol 
riile  anil  of  so<lium  carlMinatu   are  miXLHl,  a  pale-gn-en  precipitate  b 
which  is  a  combination  of  niokel  carbonate  and  hydrate.     It  is  readily 
ducom)Hised  by  heat. 

Pure  nickel  salts  are  oonvoniently  prepared  on  the  small  scale  from  cmde 
speiss  or  kupferiiickol  by  the  following  process  :  The  mineral  is  broken 
into  small  fragments,  mixed  with  from  one-fourth  to  half  its  weight  of  iron 
lilingD,  nnd  the  whole  dissolved  in  nitro-rauriatic  acid.  The  solution  is 
gently  eva|«<rati«l  to  dryness,  the  residue  treated  with  boiling  water  uri/l 
the  insoluble  iron  arsenate  removed  by  a  filter.  The  li<|uid  is  then 
Inti-d  witii  hydrochloric  acid,  treated  with  hydrogen  sulphide  in  <■  \ 
which  precipitates  the  copper,  and,  after  liltration,  boiled  with  a  little  nitric 
acid  t<i  bring  back  the  iron  to  the  state  of  sesqiiioxide.  To  the  cold  and 
largely  dllutoil  liquid  solution,  acid  sodium  carlionato  is  gradually  ailded, 
by  which  the  ferric  oxiile  may  be  completely  separated  without  loss  of 
nickel  salt.  Lastly,  the  liltered  solution,  Ixiiled  with  siKliuin  t.iarlx)nat<>  in 
oxc<iss,yi>'lds  an  abundant  pnle-green  precijiitate  of  nickel  carlwnate,  from 
which  all  the  other  iMmpouiids  may  be  pre|iartHl. 

Tho  precipitate   thus   obtained   may  still,  however,  contain   cobalt,  thu 
Ritparation  of  which  is  not  very  easy.    Several  meth<ids  of  separating  11 
metals  have  been  proposed,  the  ImwI  of  which  is  |>erha]>s  that  of  H.  Ri 
The  mixed  oxiiles  or  carlxinates  Ijolng  dissolved  in  excess  of  hydrochlni 
acid,  the  solution,  largely  diluted  with  water,  is  sufM-rsatnr.ited  Willi  clili 
riue  gas,  whereby  the  cobalt  monoxide  is  converted  into  sesquioside,  wh 
the  nickel  monoxide  remains  unaltered.     The  liquid  is  next  mixed  wit) 
ext>ess  of  rec^'ntly  precipitated  barium  carlionate.  left  to  stand  for  twelva 
to  eighto<>n   houra,  and  shaken  up  from  time  to  time.     The  whole  of  t 
oobalt  is  thereby  thrown  down  as  sesqnioxiile,  while  the  nickel  remains 
solution,  and  may  be  precipitated  as  hydrate  by  |iotash,  aftvr  the  bari 
also  contained  in  the  solution  liaa  been  removed  by  precipitation  with  sul- 
phuric acid.* 

*  For  nthfr  modes  of  sepsrntlnK  nickel  itnd  cnhiilt,  ircOmpllD's  Uaailbook. ToL 
r.pp.  366-MH!  aad  Wnlti'a  DIcttonarj  ot  t:tie<uV>tti,Nol.  1. 1040. 
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Biif«.>  "f    •^n^nrtie  pfrites.     Iron   pTriUw  is  the  material  now  chiefly  om- 
i>:  .   uuiniifactiire  of  Hulpburic  arid  ;  for  thi«  purp^ise  the  mineral 

1-.  a  riirreut  of  air,  niiil   llif  !tiil|iliiir<iiiH  wid  fiirmc<l  18   |iaK»4>il 

1;.  'haiubere;  the  rcgidiiv  tainsivtn  of  irnn  oxide,  frequently  4.10U- 

u  iiility  of  copper  large  eaougli  to  render  the  evtruetiou  of  that 

Deial  ruuiinerative. 

Compnandg  of  iron  with  ft/uu/Jinrus,  earlHtn,  and  tilinm  ex\»t,  but  little  is 
kf:  -  :  "ting  them  in  a  dulinil«  stntt*.  The  carlxmiiie  is  rontained  in 
r.  1  iu  steel,  to  wliieli  it  comniunieati'H  rendy  fuxibility  ;  the  siii- 

nn,    ...., _j1  is  also  fonnd  in  oast  iron.     Phosphorus  is  a  very  hurtful 

ntaUBoe  in  bar  iron,  as  it  renders  it  brittle  or  coid-ahort. 


Rpii-Ttoss  OF  Ibo»  Saltr. — Perrons  salts   are  thns  distlngnished  : — 
ifiutlir  iiHalirt  and  aiHnioniu  give  nearly  white  pryci])itate8,  insolul)le  in 
rtv«-  ••1  the  reagent,  rapidly  b<>c<nning  green,  and  ultimately  brown,  by 
rTiwif'^f'-  to  air.     The  earitonatft  of  /}Otassiitm,  tivliuiti,  and  ttmtuuniuin  throw 
.1  ■     li    ferrous  carlxmate,  also   verysnliject  to  change,      l/i/ilmyt-n 

m:  do  prceipitate,  but  ammonium  sulfihiile  throws  down  hinok  fer- 

r-  •',  soluble  in  dilute  acids.    l\)las.iium/crToci/aniJe  gives  n  nearly 

«  :  tat<<,  liecoming  dee)>-bluu  on  exposure  to  air  ;  the  Jerricganuie 

I  .•  a  deep-blue  precipitate. 

^*rrl«  sklta   are  thns  oharauterized  : — 

"  . ./  nU-alies  and  ammonia  give  foxy-red  precipitates  of  ferric  hy- 
.  I  lie  in  excess. 

1,1/rM  ln-have  in  a  similar  manner,  the  carlxmic  acid  escaping. 
'  )'fii<lf  gives  a  nc-irly  wiiite  jtrecipitate  of  sulphur,  and  reduces 
-'  -  jiii'  \ide  to  monoxide.  Amnu/nium  galphiile  givesa  bhick  preiipiiate, 
•lijjlillv  siiluble  in  excess.  r\tiasaium  ferrocyanide  yields  I'russinn  blue. 
Tioiiurv  or  infusion  of  gnll-nutt  strikes  intense  bluiiih-black  with  the  muBt 
Into  aolutioua  of  ferriv  salta. 


Iron   ManafactnTe. — This  most  important  branch  of  industry 
wnista,  aa   now   conducted,  of  two  distinct   jmrts — vi:.,  the    production 
frf«,,  11... ......  „f  a  fusible  carlxmide  of  iron,  and  the  subsequent  dccomposi- 

I  irbonide,  and  its  conversion  into  pure  or  malleable  iron. 

i_   iron  ore  is  found  in  a-isociation  with  coal,  forming  thin  bc<lB  or 

ft<riui™  :   it  consists,  as  already  mentioned,  of  ferrous  carbonate  mixed 

•itti  clay  ;  Bometimes  lime  and  magnesia  are  also  present.     It  is  broken 

tn  pi«!«s.  and   expoacd  to  heat  in  a  furnace  resembling  a  lime-kiln,  by 

»M<h  the  water  and   oarVK>nie  acid   are  expelled,  and  the  ore  rendere<i 

•I'       ■        1.  denser,  and   also  magnetic:    it  is   then  ready  for  reduction. 

T  HI  which  this  op<'ralion  is  performcnl  is  usually  of  very  large 

'it*  f.H'l  or  more  in  height,  and  wnstrnctixl  of  brickwork  with 

V,  the   interior    IxMng    lined  with    excellent    fire-bricks:    the 

I  .    understood  from  the  section  shown  in  fig.  ISO.     The  furnace 

at  the   bott/im,  the  fire   bt-ing  maintained  by  a  powerful  artificial 

•itrmlueed  by  two  or  three    tipyrre-pipfn,  as   shown  in  the  swtion. 

terials.  c<lnfi^ting  of  due  proportion  of  coke  or  carbonized   coal, 

.    ir*'.  aiel  liriii-slone,  are  cfmslnnlly  suppliw)  from  the  top,  the  ope- 

.<liug  omtinuously  night  and  day  often  for  yejirs,  or  until  the 

36« 


41G 


nEXAl)    METALS. 


and  ronnsi  inso1ii)>l<.-  utiHs  witli  nil  uit-talK,  rxcrpt  the  Blkali-metals 
iua^nt»ium  ;  '2.  Mrtntunijslic  acul,  wliicli   is  6<ilulile  in  watej",  oiiil   Uit 
solulik'  inXia,  nitli  iii-urlv  ull  uu'lals.     (>r<liiiar,v  tiiiip>lic  ucid  forniM  uor 
Niiltfl  coiitniniiij,'  MjW'o,  or  MjO.WHj,  and  lu-id  salt*  voutaiuiufi;  3M,0.7V 
wliicli  may  iMTliapB  hv  r<-;;iiidi-<i  as  doulilc  »«lU  i-^iuii.H>i>i'd  of  dioc'id 
triiM^id  luin;st!U»-8,  that  is,  ua  2(M,0.:J\VO,)4-M,(>.3VVU,.     Tliu  tiingsU 
of  jMitaasiuTu  and  sodium,   esiM-ciall.v  the  latUr,  are  »umftiuim    used 
nirirdnnt^  in  dyi-ing,  in  )>lnr<'  ot  stunuates  ;  also  Tor  rvud>'riiig  uiusliu  j 
otlicr  light  laliriiM  utiiiiUamniable.    Tuiigstous  tuiigstaU-,  \VU,.\\l>j,  Mhii 
has  till'  compoHitioti  uf  luiii/t^tin  iimtusiili,  \V,()j,  i^  a  lilue  sulwlaiicv  lur 
by  riHlucing  tungstic  oxidu  ur   tuugHtio  avid  witU  xiuu  and   iiydrtwUli 
ai'id  ;  also  liy  )it>atiiig  anmiouiuni  tuugHtati;  to  rvduuDH  in  a  retort.  

HelulmiijstiiiFx. — 'I'lii-se  sulta,  wliicli  have  tk«  cuuipositiuu  of  ijuadrarM 
tungstati'S,  M,().4\VOj,  art)  formed  from  ordinary  luugslales  by  addition  of 
tungatic  acid,  or  liy  removing  part  of  tlie  iMtai'  by  mvaus  of  an  acid,  'i'licy 
are  for  th«  must  part  suhiblc  and  cryatullizablc.  By  deoompoiiiug  liarium 
mt'tatungstato  with  diltiti'  iiuiphurii'  acid,  and  evaporating  the  lillralu 
a  vacuum,  hydratol  mt*tatungstic'  acid  '\s  obtained  in  quadratic  oiiohe 
apparently  oontaining  ll/J.4\VU,-f-^l.W. ;  it  is  very  soluble  in  water. 

Sil icolunyntatrt.* — By  boiling  gelatinous  silica  with  acid  {lotassid 
tungiitato,  a  cryHtalliue  »alt  ix  obtained,  having  the  vomptmitiou  of  a  dii 
potassium  tungstate,  ti(K,0.2VV<J,),  or  K|,(),.12\Vt>„  in  which  onc-thinlj 
the  pot^wsium  is  replaced    by  silicon,  viz.,   K,Si'"0,.12\Vl)j,   so   that 
silicon  hero  c«nt4!ra  as  a  bnsi/luus  element.     The  resulting  solution  yj« 
with  mercuroua  nitratt^  a  precipitate  of  wjrrcuruus  ifUictttaiitjstate:  this, 
decyimposed  by  an  equivalent  quantity  of  hydrochloric  acid,  yields  a  i 
tion  ui  biftlroijrn  tcilu-otungittiitr^  or  siiictitautfMtic  ttrid;  and  the  other  stlic<»tu 
Btatra,  which  are  all  soluble,  are  obtained  by  treating  the  acid  with  carii 
nates. 

Silieodecitungilie  arid,  n,Si''O,.10WO,,  is  obtained  aa  an  ammo- 
nium  salt  by  boiling  gelatinous  silica  with  solution  of  acid  ammonium 
tungatate;  and  from  this,  the  acid  ami  its  other  salU  may  l>e  obtained  in 
the  same  manner  as  the  preci<ding.  The  siliimlecitungstates  are  very  un- 
stable, and  the  acid  is  decomposed  by  mere  evaporation,  de]>ositing  silica, 
and  iM'ing  converted  info  I  ati<jtli>silicic  acid,  which  is  isoiiicric  wilh 
siliootungstic  acid,  and  likewise  decomposes  carbonates.  All  three  of  thi>« 
acids  are  capable  of  exchanging  either  one-half  or  the  whole  of  their  b.isiii 
liyilrogen  for  metals,  thereby  fonning  acid  and  neutral  salts  ;  siliixitunjistio 
acid  also  forma  an  acid  sodium  salt  in  which  only  one-fourth  of  the  J 
gen  is  replaced  by  godinm. 

Tungsten  SalphideB. — Ths  tlimlpliirtr,  or    Tunqulmui  tJiMilf,  W?^ 

obtai I  in  soft,  black,  needle-shapeil  crystals  by  igniting  tnngsli-n,  or  ( 

of  its  oxides,  witli  sul|iliiir. 

The  /riW;</i«/r,  or  Tmnistic  lulphiilr,  Wf5j,  is  formed  by  dissolving  lungstio 
anid  in  iimmonium  sulphide,  and  preoipitntiiig  with  an  acid,  or  by  addin? 
hydrochloric  acid  to  tlio  solution  of  an  alkaline  tungstate  snturattvl  witli 
hydrogen  sulphide.  It  is  a  light-brown  precipitate,  tnming  black  when 
dry.  It  unites  easily  with  basic  metallic  sulphides,  forming  the  tulpho- 
tunyslalet,  M,\V8„  analogous  to  the  normal  tungstates. 


Jieactlant  of  Tnnggirn  cmnjmiimiii. — .Soluble  tiingstatos,  or  metalnngsta* 
au{iersatarate<l  with  sulphuric,  hvilrochloric,  phosjdioric,  oxalic,  or  ai 

•  MafRnao.  Ann.  Rhtm.  Phyi.  [«]  ill.  t(  Watts'*  Dictionary  of  ObemHlrx, 
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tr„[    If.  I, I    on  the  introduction  of  a  i>ii>ce  of  zmc,  a  iM'nutifiil  lilae  color, 

.  III?  foruiatlou  of  lilui'  tuugst<^n  oxide.     A  soluble  tungstatu, 

'luhtmium  sutphide^  and  llu-n  with  exi^eMS  of  ncid,  3'it»lds  a  light- 

■     of  tungstic  Biilpliidu,  itolulde  in  auimuuiuni  sulphide. 

iova  nut  precipitate  the  acidulated  Kolutiou  of  a  tnn^tat«, 

blue,  owing  to  the  formation  of  the  blue  oxide.     Ordinary 

ive,  yiilh  f>i>tat$i»mj'trruci/anidc,  after  addition  of  hydrochloric 

•    ■'    .■(■ulent  precipitate,  soluble  in  pure  water  free  from  acid; 

vo  no  precipitate.     Aeidn,  added  to  solutions  of  ordinary 

Jown  a  white  or  yellow  precipitate  of  tungstic  acid ;  with 

.'■'•a  no  precipitate  is  obtained. 

I'-n  compounds  form  uolorlcas  beads  with  borax  and  phnsphorns 
uil,  lu  lliu  outer  blowpipe  dame.  With  horar,  in  the  inner  dame,  they 
irm  »  _T.-lltiw  glass,  if  the  quantity  of  tungsten  is  somewhat  considerable, 
1- .  -  with  a  smaller  quantity.      \Vith /iAn</i/iurH<  mi/(  in  the  inner 

t  nn   a  glass  of  a  pure   blue  color,  unless  metallic  oxides  are 

l»  ...,,,  „  ..„b  modify  it;  in  jtn-scnce  of  iron  the  gloss  is  blood-red,  but 
Itic  addition  of  metallic  liu  renders  it  blue. 


SirrI,  alloyed  with  m  amall  qnantity  of  tungsten,  acqairca  extraordinary 
hnnln'-vi.  Wnotz,  or  Indian  steel,  contains  tnngsten.  Tungsten  has  also 
1  r-^mrkaMe  effect  on  steel  in  increasing  its  power  of  retaining  niiignetism 
»:  ii«l.       A  horse-shoe  magnet  of  ordinary  steel,  weighing  two 

|.  .iisidered  of  good  quality  when  it  bi-ani  seven  times  its  own 

«ci.iii  .    Mill.  a<'curding  to  Hiemens,  a  similar  magnet  ma^le  with  steel  con- 

tolQg  tungsten  may  be  made  to  carry  twenty  times  its  weight  sus}n'nded 

ftiu  til,' ariii.-tture.* 


I 


MOI>TBDENirM. 

Atomic  weiKht,  so.    S)  mliul,  Mu. 

Tiu  metAl  occnm  in  small  qnantity  as  sulphide,  or  mnltMrniie,  and  u 
liwl  moly  Wate,  or  urulftnltt.  Metallic  moly Inienum  is  obtainerl  by  exposing 
•ulyfadic  oxide  in  a  chareoal-linwi  crucible  to  the  most  intense  heat  that 
•an  ha  nbUuned.  It  is  a  while,  brittle,  and  exceedingly  infusible  metnl, 
luitnj;  »  denaityof  6.6,  and  oxidizing,  when  heated  in  the  air,  to  uioly  txlio 
utde. 

Chloride*.— Molvbdenum  forms  four  chlorides,  conUining  MoCl,.MoCI„ 
■T  «u,fl„  MoCl,  and  Mcrf'U  or  Mojri,„. 

Th.i  r^inrhloritle  is  prodncf-d  when    metallic  molybdenum  (preTiously 

''•^1  frimi  nxide  by  ignition  in  hydrogen  chloride)  is  heated  for  some  lima 

la  •  stream  of  dry  chlorine  gas. 

Th.-  i>enUchlo'ride,  heatt>d   to  aliont  280O  jn  a  stream  of  hydrogen,  is 

tlvdoixl   lo  the  red,  difficultly  volatile   trichloridt ,  MoCl,,  or  Mo,Cl,  ; 

[  ttiil  ihiii  cnroponnd,  healed  to  redness  in  an  atmosphere  of  carbon  <li<>xide 

lb--    from    oxygen,    is    ri-solved,   according    to    the    equation    Mo,l'l,  = 

IH./l.J-  Mrrf'l,,  into  the  yellow  Jirhtoriitf,   wliiili  remains  in  <he  tube, 

'•lul  0„.  brown  tflritchloriJe,  which  sublimes  or  is  carried  forward  by 

till'  •tmin  of  gas. 

Mf  thi«e  four  chlorides  the  pentaohlorido  is  the  only  one  which  cry«- 

•  Jooraal  of  Ibe  Cheale»l  Society,  July,  liOS.    M  Serict,  vol.  vt.  p.  *&(. 
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t&Ilixea  diatinctly,  and  mnMa  and  ToUUIixf^  witliont  di>conipoeit<on. 
pur^  penUu'hloridt<  in  lilack.     Its  vapur  bas  a  dark  brown-rtH)  unlnr. 
iiilphiir-yollow  dichloridc,  and  the  red  trichluridtf,  whioh  u  deot-ptlT 
like  aniiirplious  pltuApliuriiii,  have  Ixhiu  uljtaiuiHl  only  in  the  ainnrpha 
state;  tliu   tulruublurida   in  an   indixtiuutly  uryHtalline   bruwu   subliuuili 
In  an  atuuMpliere  of  carbun  dioxide,  the  divbloride  bt-arga  briglit  rod  he 
witltout   lUi-iting  ur  volatilizing  ;    tbe  trichloride,  under  the  aame  circu 
stances,  is  resolved  into  ili-  and  tetrachloride,  which,  when  again  heated^' 
8pliU§  up  into  peutachloride  which  sublimes,  and  trichloride  which  remaiiu 
behind. 

The  di-  and  trichloride  are  quite  permanent  in  the  air  at  ordinary  tem- 
peratures, and  insoluble  in  water;  the  tetra-  and  pentachloride,  on  the 
otiier  hand,  are  extremely  susceptible  of  the  action  of  oxygen,  and  mon 
particularly  of  moisture. 

The  dichloride  is  insoluble  in  nitric  arid,  which,  however,  dissolves  alt 
the  other  chlorides.     The  dichloride  dissolves  easily  in  hot  ht/dTDchUme  aciil, 
with  aid  of  heat,  and  crystallizes  therefrom  on  ctKilin):,  in  long,  shiuj 
yellow  no«*dl.-3,  Mo,CI,.3H,0,  which  give  otf  211,0  at  10UO.» 

The  brotnidn  of  mnlybdeuum  correspond    in  uoniposition  witli  the  < 
rides  ;  there  is  abio  au  uzybromido  containing  Mo^'UriU,, 


Flaorides, — Molybdenum  forms  three  fluorides,  MoK,,  MoP,,  and  Mo?,, 

whicli  are  obl/iinwl  by  dissolving  the  corresponding  oxidi^s  in  bydrotluoric 
acid.  The  lircfluoriilit  is  not  kiiuwii  in  the  free  state,  but  only  in  oouibiua- 
tion  with  basic  metallic  Uuoridi-s  and  molybdates  ;  thus  there  is  a  potas- 
sium salt  containing  lL,MoO,.i^Mut',. 

Oxides. — MolyMeniim  forms  the  three  oxides,  MoO,  MoO,,  and  MoOu 
besides  several  oxides  iutitruiediate  between  the  last  two,  which  mmy  be 
regarded  as  molybdic  ma1yb<lates. 

The  monoziiie,  or  MoIi/Im{owi  oxide,  MoO,  is  produnud  by  bringing  the  diox- 
ide or  triozide,  in  presence  of  one  of  the  stronger  acids,  in  cjutact  with 
any  of  the  metals  wliioh  dccjiuiiose  water.  Thus,  when  zinc  is  imraensnd 
in  a  con<v  lit  rated  solution  of  an  alkaline  molybdate  mixed  with  a  quantity 
of  hydrochloric  acid  sufficient  to  redisaolvo  the  precipitate  lirst  thrown 
down,  zinc  chloride  and  molylKloua  chloride  are  fornieil.  The  dark-iviloml 
solution  thus  obtained  is  mixwl  with  a  large  quantity  of  caiistic  (lotaali, 
whioh  precipitates  a  black  hydrated  niclybdons  oxide,  and  reUins  the 
zinc  oxide  in  solution.  The  freshly-precipitated  hydrate  is  soluble  in  acida 
and  ammonium  carbonate  ;  when  heated  in  tlio  air,  it  burns  to  dioxide, 
when  dried  in  a  vacuum,  it  leaves  the  lilnck  anhydrous  monoxide. 

The  iliaiiile,  or  MJi/hilic  ofUle,  MoU,,  is  ol>tain«<<l  in  the  anhvdn>n«  st«l 
by  heating  sodium  molybdate  with    snl-ammonia«.  the  niolvl.dic  triox 
being  re<lucod  to  dioxide  by  the  hydrogen  of  (lie  ammonlacal  salt ;  or,    ^ 
the  hydratod  state,  by  digesting  metallic  copper  in  a  solntion  of  molvMic 
acid  in  hydrochloric  acid,  until    the  liquid   assumes  a  ri>d  color,  and' the) 
a<biing  a  large  exc<'S8  of  ammonia.     The  anhydrons  dioxide  is  de-p  bro 
and  insoluble  in  acids  ;  the  hydrate  resembles  ferric  hydrate,  anddissolvi 
in  a<-ida,  yielding   red  solutions.     It  is  converted  into  molybdic  acid 
strong  nitric  acid. 

TriiiiiJr,  MoO, To  obtain  this  oxide  (commonly  called  MoIii>hUc  nrin 

native  molylHleniim   sulphide  is  roastol,  at  a  rtvl   heat,  in  an  ojwn  vessi 
and  the  impure  molylxlie  Irioxide  thence  resulting  is  dissolved  by  iinuix 
nia.     The  filtered  solution  is  evajiornted  to  dryness,  and  the  gall  is  tak 
up  by  water  and  purified  by  crystallization.     It  is,  lastly,  decomposi 


cida 

I 


*Lleobti  anil  Kempt,  Laeblg'i  Annaieo,  e.  Ixix.Sti. 
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and  the  ammonia  expelled.  The  trioxide  may  also  be  prepared  bjpf 
ii|in»ui(;  native  Ivad  molybdate  with  Hulphuriu  acid.  It  ia  a  wliite 
Cf7«lalliue  imwdvr,  fusible  at  a  ted  heat,  and  Kliglitly  sdlublo  in  wat<'r. 
Jntinn  cuntains  molyljdic  aeid,  but  this  acid,  or  hvdrate,  ih  not  known 
stat«r.  The  triiixi<lc  is  easily  disuulvt-d  by  alkiilics,  and  furiiia 
■iws  of  «alt.i,  vii.,  normal  or  nratTol  muli/Matai,  RjMoU,,  or  U./).Miil),, 
kifiironiulifijdata,  or  biiniili/lHlulet,  UjMuO^.MoO,,  or  K,U.^(i(),,  tliti 
ic  deuuting  a  univali-ul  metal.  The  ntiulral  niolybdati'S  of  the 
ikali-iuKtals  are  eaaily  soluble  in  watvr,  and  thi-ir  Bolution»  vivid,  with 
tbr  •trou^i'T  ariila,  a  precipitate,  either  of  a  loita  soluble  bimulylidate,  or 
(he  anhydrous  trioxide.  The  other  uiulybdntcit  arc  inHuluble,  and  are 
|itaine<l  by  precipitation.  Leail  Moli/liJate,  I'bMoO,,  occum  native  in 
ilkiw  qua<lratio  plates  and  octuhedrouH. 

Sulphides. — Molybdenum  forms  three,  sulphides,  MoS,,  MoS,,  and  MoS„ 
the  last  two  of  which  are  aeid  sulphides,  forming  sulphur-units.  The 
ditulphide,  or  Molybdic  ttJ/Jiide,  MoS,,  CKM>arb  native,  a.s  mulylnlmiic,  in  crys- 
tallo-laniinar  m.usea,  or  tabular  crystals,  having  a  stronj;  metallic  lustre  | 
and  li-ad-gray  ctilor,  and  funning  a  gray  streak  on  paper,  like  plumbago. 
The  same  compound  is  produced  artilicially  by  heating  either  of  the  higher 
ralphides,  or  by  igniting  the  trioxi<le  with  sulphur.  When  roasted  in 
eaalact  with  the  air,  it  is  converted  into  trioxide. 

The  trinlphidt,  MoS,,  commonly  called  .'iiJp/wmolj/bdic  acid,  is  obtnintKl  by 
aag  hydrogen  sulphide  into  a  concentrated  solution  of  an  nlkaliiie 
K>lybdale,  and  precipitating  with  an  aeid.  It  is  a  black-brown  [Hiwder, 
rhirh  is  dissolved  slowly  by  alkalies,  more  easily  by  alkaline  sulphides 
1<1  sniphydrates,  forming  sulphur  salts  called  Sulp/iomolfMates.  Most  of 
tiese  9!ilts  have  the  composition  U,Mi>S,,  or  K^S.MoS,,  analogous  to  that 
the  molybdatea.  The  sulpho-molybilates  of  the  alknli-nietals,  alkaline 
irth-m'-tals.  and  magnesium,  are  soluble  in  water,  forming  solutions  of 
^ filw  ned  Color  ;  the  rest  are  insoluble. 

h'</e,  MoS,. — This  is  also  an  acid  sulphide,  forming  salts  called 

ijfMatn,  the  general   formula  of  wbieli  is  H,MoSj,  or  H,S.MoS,. 

4auium  tall  is  obtained  by  boiling  the  sulphomolybdate  with  molyb- 

I  trisalphide. 

llolyhdons  salti,  obtained  by  dissolving  molybdons  oxide  In  acids, 
I  opaqtie  and  almost  black.     They  yield,  witli  hydroytn  mli>hi<lf,  a  brown- 
~:  precipitate  soluble  in  ammonium  sulphide;  with  ulLnlitg,  and  iilkii- 
I  tnrhonairt,  a  brownish-black  preitipitate  of  molyhiious  hydrate,  easily 
JaMe   in  arid   jiotassium  carbonate,  or  in  ammuuium  carlwnate  ;    witli 
ferroeyanidf,  a  dark   brown  precipitate;    with  xxliuin  jihunjtltule,  a 
rhite  precipitate, 
^iln lions  of   mnlybdio  salts   have  a  reddish-brown  color.     When 
»t«l  in  the  air,  they  have  a  tendency  to  become  blue  by  oxidation.     In 
Dntart  with  metallic  zinr,  they  first  blacken  and  then  yichl  a  black  preci- 
of  roolybdous  hydrate.     Their  reactions  with  aUalim,  liyilroi/m  ml- 
J  etc.,  are  similar  to  those  of  molybdous  salts  ;    but  the  precipitat<5a 
^l^hter  in  color. 

Molybdates  are  colorless  unless  they  contain  a  colored  base.  Soln- 
H<fi)i  of  the  alkaline  molybdates  yield  with  nciils  a  precipitate  of  molyUiic 
loxide,  mduble  in  excess  of  the  precipitant.  They  are  colored  yellow  by 
mirwim  tul/iliiilf,  from  formation  of  a  sulpho-molylHlste  of  the  alkali-nii'tal, 
md  then  yield  with  acids  a  brown  precipitate  of  molylidenum  trisulphide. 
riii»  i»  an  extremely  delicate  test  for  molyUlic  acid.  They  form  white 
lipitBtes  with  the  salts  of  the  etirili-mrtnU,  and  precipitates  of  various 
'  I  with  salts  of  the  Arap^y  mrtah.    When  orl/io-jiliosjiliork  acid,  ot  a  \\i\tt\d. 


( 
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MoHBzn'ule,  or  ^fanganou^  oxidr,  MnO. — Wlien  iniii-.m. -,. 
liektud  ill  a  stream  uf  hy<lrogvn  gas,  or  vB{Hir  of  >> 
diBi*nga);e<l,  Rml  »  grix'uish  powder   left  bvliiud,  » 
Pro|>ar(>i  at  b  dull  rrd  heat  uuly,  tlii<  iiioui>xid»  m  ku  |ir»ux  i- 
jt<n  from  tlie  air,  that  it  cannot  bo  rrmcnwl  frum  tli.-  tiilw  wii  i 
but  when  prc'parnl  at  a  higher  teinpurstiiro,  i' 
oxidtt  is  a  very  powerful  hose,  beiiij;  ij»uiori>l; 
uside  ;  it  di»9olvea  quietly  in  dilute  aciiU,  iuiiii..ii/..i.v;    mc  . 
and  forming  sallx,  wiiich  have  oftun  a  )>eantifiil  pink  o<<li<r.    \\ 
are  added    to  solutions    of    these  compoundi),    tlio  white  hvil. 
first  precipitated  siwudily  beooutes  brown  by  paaatui;  into  m  liigker  sUti 
of  oxidation. 

,Srtquinri/le,  or  Manr/niiic  oriilf,  Mn^Oj. — This  compound  ooii: 
a«  Unmnitf,  and  in  the  state  of  hydrate  an  miinijanilr:  a  very  I' 
tnllixed  variety  is  found  at  llefeld,  in  the  Harti,     It  is  pt"  ' 
by  exposin)(   the  hydrat<M  uionuxiile  to  the  air,  and  f<  . 
part  of  the  rraidiie  left  in  the  iron  retort  wln-n  oxygen   : 
exposing  the  native  dioxide  to  n  moderate  red  hi'Ul.     Tl> 
quioxide  is  brown  or  liloek,  a<Tording  to  its  ori^fin  or  nn'l 
It  is  a  feeble  base,    isomorphous  with  alumina:  for  when  ^' 
with  diluteii  sulphuric  a<.'id,  it  dixsolves  to  a  re<l  liquid,  whi>  i 
dition  of  potassium  or  animouiuni  sulphate,  depwits  octohcdriil  crtsU 
having  a  voustitulion  similar  to  that  of  common  ainm :  these  are,  hove 
deoumposod  by  water.     Strong  nitric  aciil  n^olves  this  oxide  into  a] 
of  monoxide  and  dioxide,  the  fornier  dissolving,  and  the  latter  i 

unnlterefl:  while  hot  oil  of  vitriol  d">3troys  it  by  formin;:  

phate  and  lilx-rating  oxygen  gas.     On  heating  it  with    i  rirj  j 

ehloriiio  is  evolved,  as  with  the  dioxide,  but  in  sroaller  ;u 

Uinxidr,  MnO,. — /VnxriV/e  of  Mani/iinKMf.     J'^rnliuilf, — The  uioal 
ore  of  manganese  ;  it  is  found  Imth  massive  and  cryslallixed.     It  may 
obtained  artifloi.illy  in  the  aniiydruns  state  by  gently  valuitiing  the  niLrli 
or  in  Kiinbination  with  walor,  by  jubling  solution  of  lile.ichlnj;  pnwij 
a  salt  of  the  monoxide.     MangiiiiKXe  dioxide  has  a  I ' 
in  water,  and  refuses  to  unite  with  aeiils.     It  is  ■', 
droehloric  ai-iil  and  by  oil  of  vitriol  in  the  same  mim:..  . 
It  unites  with  the  stronger  bHsi<s,  pot.-ixli,  lime,  etc.,  f<'< 
niangauilus,  r.r/.,  I'aO.MnO,  or  C'aMnO,,  which  are  pf 
tnliiig  a  solution  uf  a  uianganons  salt  with  the  forresiKm 
seuoe  of  an  oxiilixiug  agent,  such  ns  a  strenni  of  air  or  ly. 
are  the  inaiignnit<v)  of  calcium  and  mngiii-sium  foniusl  in  W>  U»ii  •  i 
tot  the  r(N»ivi>ry  of  manganese  dioxide  Iruiu  waste chtorloe-llijuora  (p.  17l 
4lW>riiiiig  to  Krfiiiy,*  tii.inganc>se  ilioxldu  likc'wise  acta  Ua  a  base,  hiriul) 
(•J|>BDite  tails  with  itciits,  r.i/.,  a  sulphate,  MiiD,.  80,. 

The  |irojiiirlioii  of  real  dioxide  cuntaiui'd  in  i>  ,.,i-.m..i   . 

Vdaek  oxiile  may  lie  di'tcrmini<il  a»  follows:  r 

duiwd  to  very  Hue  i>»wdiT,  are  put  into  the  li:  ; 

analysis  iif  cjirlKUiateH  (p.  ^U*).  together  with  nlvui  hull  an  ouncoi 

watj'r,  niid  IIMI  grains  of  Hlning  hydroiihlorlo  acid  ;  f>(i  grnitu  of  ■ 

oxalic  acid,  (',ll,n,,  arc  thi-n  aildi-H,  the  uork  ' 

fitl<«l,  and  the  wh<il»  quickly  welitkoil  or  i<uin  || 

ini  HK-a  as  gas,  while  th«  m.injjana 

rtiui- ^ , j'le; 

MnO,  +  c,n,i\  4-  ana  —  uuci,  +  au,o  4.  aoo,. 

•  UiioplM  IlaiKlua,  UaiU.  11*1 1  i^'^  ito«L  Jearsal,  ItU,  1. 1 
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■..II  .tixQ  ihovti  llint  I'very  two  moli>oules  of  cnrlK^ii  dioxiJo  evolved 
Id  iiui'  iiii>l<-ciil<-  of  manguiiMo  dioxiilc  iI<!ih»ii)h)sc<I.     Now  llie 
ijjlit  i>f  Uiis  4ixiilt?,  87,  ]«  so  lU'arly  ei|iiul  lo  l«  ice  Hint  of  car- 
l«'U  ilKHidi-,  +4,  that  tliL-  liisu  "f  Wright  sutrnrml    \iy   Hie  apparatus  wlirli 
^•d••ti•ln  111*'-  l>^<i>uie  c<oiiipli-l<',  .'iiiii  tin"  rn!«idual  f;us  has  U-i^n  driven  oil' 
jllition,  may  be  taken  to  roprcSL-iil  the  c|iiuMtity  of  real 
i.iiiia  of  the  nftiiipli'.     The  apimiatua  of  Will  and  Fre- 
:  ~   :  .it  pii|;<'  311,  may  ohtu  bu  luod  with  advautuge  in  thu 
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■  l^tioriiU,  or  Rni  tminifanrte  oziJe,  MiijO,,  or  prohably  MnO, 

uxide  is  also  found  native,  as  hausnuwnilr,  and  is  produced 

ii  1   healing  the  dioxide  or  gesijuiuxide  to  whiteness,  or  by  ex- 

i><:  timuoxide  or  carbonate  to  a  re<l  heat  in  an  open  vessel.     It  is  a 

irnwn  sulMtance,  incapable  of  forming  snltii,  and  acted  u;Kin   by 

.'  he  samp  manner  aa  the  two  other  oxides  already  described,     iioraz 

1  U>  the  fused  »tatu  dissolve  it,  and  acquire  thu  color  of  the  amo- 

Varriritf,  Mn,0,.H,0  or  MnO.3Mn0,.H,O,  is  a  natural  mineral,  diswv- 

m—\  i.v  !'t.ii|i|M  among  MTtain  siH-cimens  of  manganese  ore  from  Warwick- 

ilso  l>een  found  at  llefeld  in  the  llartz.     It  much  resembles 

I  lit  is  harder  and  more  brilliant.     By  a  strong  heat,  varvicite 

<  tc^  into  re<l  oxide,  with  disengagement  of  aqneous  vapor  and 

M-r  oxides,  intermediate  In  composition  between  the  mnnoxida 
ilso  Occur  native ;  they  are  pndmhly  mere  mixtun-s,  and  in 
■"1,11  .  .1---  tiie  monoxide  is  more  or  leas  replace<i  by  the  oorri-sponding 
oxtdia  u(  Una,  cobalt,  and  copper. 

\  xoi-n  ScLPiHTB,  MnSOj.TIljO  or  MnO.SO3.TH5O. — A  l«'autiful  rose- 

1  !ind  very  soluble  Bait,  isomorphous  with  ningne.sium  sulpliute.     It 

ii  ^)>4md  on  tlie  largo  icalo  for  the  use  of  the  dyer,  by  heating  in  a  close 

niwl  nuigauese  dioxide  and  coal,  and  dissolving  the  impure  monoxide 

im."!  iu  sulphuric  arid,  with  addition  of  a  little  hydrochloric  acid 

t  the  end  of  the  proivss.     The  solution  is  evaixirated  to  dryness, 

cx(jr<sed  to  a  red  heat,  by  which  ferric  sulphate  is  decomposed. 

•it  (h«n  ili:.*olvc\s  out  the  pure  miUiganeae  sulphate,  leaving  ferric  ox- 

ehiud.     The  milt  is  UK<><1  to  prodaoe  a  pemuiiient  brown  dye,  the  cloth 

in  the  aolutiou  Wing  aflerwanU  passed  through  a  solution  of 

"•■^  IKiwder,  by  which  the  monoxide  is  changtMl  to  insoluble  hydrate 

Muiiganous  sulphate  somutiiiies  crystallizes  with  6  niole- 

r.      It  fviriuB  a  double  salt  with  i>olassium  sulphate,  oontoiu- 

'iag  Jlii\^(  ><  i,;^.(ill,0. 

ILuiiAiioOR  Cakboxatb,  MnCO,  or  MnO.CO,. — Prepared  by  precipitating 
tt*4kKlorida  with  an  .ilkalino  carlionato.     It  i.-i  an  insoluble  white  (um- 
,  KUDotimea  with  a  bulf-colored  tint.     Kxposud  to  beat,  it  loses  carbon 
xule  and  sl«orlia  oxygen. 

ittaAXATiii. — When  an  oxide  of  manganese  is  fust>d  with  potasli,  oxy- 

I II  takeu  up  from  the  air,  and  i\  deep  green  saline  mass  r*.-sults,  which 

mnntr,  KjMnt),  or  K,O.Mn()j.     The  addition  of  po- 

ile  facilitates  the  reaction.     Water  dissolves  this 

.  .  ; . : . ,  ,ind  the  solution,  concentrated  by  eva|H>ration  in  a 

U  gn-Hiri  cryst.-ils,      Jjarium  tiuiiiifiiiKitf,  H.'iMiiO^,  is  formeil  in  a 
"T,     In  these  aalts  mangunesu  is  sexvalent,  like  uhromium  iu 
I  <.UruuiateS. 
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rsKMAiiaAXATig. — W\ien  potiiMinm  numganate,  free  froin  any  preiil  ( 
cuss  (if  nlkali,  is  put  iuto  a  large  qaautity  of  watt<r,  it   is  ru^ilrad  i 
liydruti'd  iiiniigiinf^o  didxiile,  whiuli  Hiilisiiiea,  awl  i>i>tiiiii.iiiin  iirriaangam 
K,Mii,U,  or  KjU.MiijU,,  wUirli  r<-niuin.s  iu  soiutiun,  luriuiug  a.  defj)  pa 
liquid : 

3K,MnO,  +  2H,0  =  MnO,  +  K,Mn,0,  +  4EilU. 

This  vlTeot  is  aoceU<ratt>il  by  beat,     the  changus  of  oolor  accnmpany 
this  <lifoiupo!<itioii  an;  vury  n-inarkable,  and  have  prwiired  for  tin-  m 
gauutc  iIk'  naiui-  mincriil  cJuimclrtmi  uxcms  of  alkali  liiudcrs  tlio  reacticiq 
aoiuo  measurL',  by  coulrrriiif!  gn^atiT  stability  on  tlif  uiniiganatr.     I'ot( 
aium  pcriuaiigaiiato  is   easily   prepan-d   on   a  consldi-rabbr  scale.     Eql 
parts  of  very  liiioly  powdtTwl  iiiaiigaiifsu  dioxido  and  p<ita>>siuia  I'hlo 
arc  mixed  witli  ratlu-r  uinretliaii  uim  part  of  jHitaKsiuni  bydruxidedisiml^ 
in  a  littlo  water,  and  tlie  whole  in  expfiswl,  after  evaixiration  to  drynq 
to  a  t«nip«ratiire  just  short  of  iguitiun.     The  mass  is  treated  with  " 
water,  the  iiisolulilc  oxide  separated  by  decnntalion,  and  the  deep-pnrpU 
liquid  wnooulr.ited  by  heat,  until  crystals  fonn  upon  its  (iurface:  iti»t' 
left  to  cool.     Tlie  crysl.iU   have   a   ilark    purple  color,  and  are  not  i 
•olubUi  in  cold  water.    The  manganate.s  and  peruiangauates  are  deeoinp 
by  contaet  with  organic  matter  :  the  former  are  said  to  be  isouiorphons  Kith 
the  Kulphales,  and  the  latter  with  the  perehloratea.     The  green  and  nU 
disinfecting  agents  known  &a  Coudy's  fluids,  are  alkaline  mauganatoal  "^ 
perm.ingauates. 

Uydrotfen  permanifanfUf,  or  Permanganic  nciil,  n,Hn,0,,  is  obtained  by  ( 
lolving  |x>ta».siuni  |>ennanganate  in  hydrogen  sulphate,  H,.''<>,,  diluted  i 
one  uinleenle  of  water,  and  dixtilling  the  solution  at  (it.t^-VO-^.     Pen 
gauie  acid  then  pa-ssi-s  over  in  violet  vajMirs,  and  condenses  to  a  grei'l 
black  liquid,  which  has  a  metallic  lustre,  absorbs  moisture  greedily  I 
the  air,  and  acts  a.s  a  most  pow(>rful  oxidizing  agent,  instantly  setting  II>* 
to  paper  and  to  alcohol.     In  this  acid  and  ita  gaits  the maugauese iaM£ 
▼alent  (p.  241). 
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Mangannns  Baits  are  vfry  easily  distingnishod  by  reagents.  The^ 
caustic  aUttlleji  and  ammnniii  give  white  precipitate)!,  in.soluble  in  excMV 
quickly  iM-coining  brown.  The  riirlipmiln  nf  the  Jir"!  allitlien  and  earftoMtl 
of  ammmia  give  white  precipitates,  but  little  subject  to  change,  and  ia- 
Boluble  in  excess  of  carlxmate  of  annuonia.  //i/i/royc/i  mil/Jiiilr  gives  mi 
pr'-cipitate,  but  ammonium  suljiliide  throws  down  insoluble  Ilesh-cidorc)!  »ul- 
phide  of  mangan.-se,  which  is  very  charaoteristio.  IMwuitim  /errocj/nmiJi 
gives  a  white  pri'cipitate. 

ManganwH  is  also  easily  detected  by  the  lilowpijie:  if  gives  with  l>orax 
an  auiethyst-colorixl  lHf4id  in  the  ou(er  or  oxidizing  tiame,  and  a  cidorloa 
one  in  the  inm'rrianie.     Heated  upon  platinum  foil  with  sodium  uwb 
it  yields  a  greuu  mass  of  sodium  manganate. 
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PLATINITM. 
Atomic  weight,  1V7.«.    Symbol,  Ft. 

PuTiirrK,  pal'iulinm,  rhodiam,  iridium,  rliiitlieniuin,  and  oRiniam,  form 

a  fffiip  of  iiietala,  allit^d  in  some  etaem  by  jiroportics  in  ooimuon,  ami  Ktill 

■k)<  <    l>y  their  ntitnrnl  nssocintion.      t'rwlr  iilntinnm,  A  native  alloy 

^b  <.    pallu<liiim,    rhiNliam,   iridium,   and   a   little  iron,  nooiirs  ill 

^b»:u-  jiiM  rollr^l  TiuMses,  sometimes  of  tuleruUy  lar|;><  ilimenBionB,  mixed 

^■Hh  frrarel  and  lranji}Kirted  mntorials,  on  the  ttlojie  of  the  Vral  Moiintning 

^W  Btusin.  al ji>  in   Brazil.  Ci-y Ion,  and   a  few  otln'r  ylaees.     It  bim  never 

Tlun  saten  in  the  rork,  whirh,  however,  is  judt;e<l  from  the  ac>Kim|ianying 

attorlaU  to  have  been  serpentine.     It  ia  Btated  to  be  always  prvseut  in 

■mall  ifDVititii-:*  with  native  silver. 

Prom  this  »nl)sfanco  platinnm  is  prepared  by  the  following  process;  The 

cml»  metal  is  acted  upon  as  far  aa  possible  by  nitrtwnuriatio  acid  ixintain- 

ing  an  exeess  of  liydroehlorio  acid  anil  slightly  diluted  with  water,  in  onler 

^^dU«nl«-e  aH  small  a  ipiantity  of  iridium  as  (Hissible:  to  the  diH^p  yellow- 

^^B-rrat  and  highly  acid  solution  thus  prt^iucwl,  sal-ammoniac  is  adde<l,  by 

^^mirh  Dearly  tlie  whole  of  the  platinum  is  thniwti  down  in  the  state  of 

^Bimonlum   platinochloride.     This  gulistance,  wnsheii  with    a  little  cold 

^Bnt<'r,  drieil,  anil  heated  to  redness,  leaves  metallic  platinum  in  theS|M)ngy 

'     ttit«.     This  metal  cannot  Ik'  fused  into  a  ivirapact  m:iss  by  oniinary  fur- 

asi'v-bxat,  but  the  samo  ol)Ject  may  be  aooompUshe<l  by  takiu);  advantage 

[.roperty  of  wehiin^,  like  iron,  at  a  high  temixTature.     The  Bjsingy 

m  it  made  into  a  thin  uniform  paste  with  water,  intriuluoMl  into  a 

-■'lical  mouM  of  brass,  and  subjet^ted  to  a  gradoateil  pressure,  hy 

Iter  is  Btiueezcl  out,  and   the  mass  rendertHl   at  length  suffi- 

1  to  t»<ar  liandling.     It  ia  then  dried,  very  carefully  heated  to 

IV  iiid  hammered,  or  KubjectiNl  to  powerful  pri>s8ure.     Ifthisopo- 

1  .jterly  lamduoteil,  the  platinum  will   then  1h-  in  u  state  to  bear 

bt-jiui;  iuU)  a  luir,  which  can  afterwords  be  rolled  intoplatea,  or  drawn  into 
vtrsat  ple.MUre. 
A  method  of  refining  platinum  lias  Litely  been  devlstsl  by  Peville  and 
IVhray.      It  «msi»ts  in  submitting  the  crude  metal  to  the  action  of  an  in- 
ifti^.w  l,i„|,  tum|M:ratnre   in   a   crucible  of  lime.     The   apparatus    tliey 
'  follows :  Tlie  lower  part  of  the  furnace  c<m.«ists  of  n  piecti  of 
v.-d  out  in  the  centre  to  the  depth  of  alsiut  a  quarter  of  an 
Ij       "»li;  a  Biuall  notch  is  llle<l  at  one  side  of  this  basin,  llirotigli  which  the 
tMil  is   introduced  and   jmured   ont.     A  cover  made  of  another  pitx^i  of 
lime  flt«  on  the  top  of  this  basin  :  It  is  also  liollowed  to  a  small  extent,  and 
bu  a  conical  pi-rforation  at  the  top,  into  witicli  is  inserted  the  nozzle  of  an 
M.vhyJrogeu  blow^iipe.     The  whole  arrangement  is  firmly  bound  with  iron 
»ire.    To  u»e  the  apparatus,  thestojH'ocksiipiilyinjr  the  hydrogen  (or  ooal 
P««)i»op4med  and  the  gas  lighted  at  the  notch  in  the  crucible:  the  oxygen 
»  then  gradually  Hnpplie<l :  and  when  the  furnace  is  auHiciently  hot,  the 
ia"l»l  is  lntro<luced  in  small  pieces  throngh  the  orifice.     By  this  arrange- 
lai'nt  at  much  aa  50  poundn  of  platinum  and  more  may  lie  fused  at  once. 
All  the  impuritie*  in  the  platinum,  except  the  iridium  aiul  rlioditiuv,  aoiQ 
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Hi'parattid  in  thU  manner:  tlio  gold  and  palladium  arc  volntiliicd;  • 
suipUiir,  ph(isphorU8,  nravnic,  and  osmium,  oxidiXl^d  and  rolalilixt-d; 
■the  iron  nnd  copper  oxidized  and  al»»orbed  by  the  limtt  of  ihi*  i-rneiltl*' 

Platinum  is  a  little  whiter  thfui   iron:    it  is  extieediiiKly  mallfulilr  i 
ductile,  lx>tli  hot  nnd  cohi,  and  is  very  iufuisible,  melting  only  Ix-fore  I 
oxy-hydrogen  hlowpiiw,  or  in  the  powerful   hla^t  furnacu  jual  dusorih 
It  IB  the  heaviest  Kubiitance  known,  its  s|>uCTfic  gravity  being  21.5,    Nvith 
air,  moisture,  nor  the  ordinary  acids  attack  platinum  in  the  slightmlri 
grue  at  any  temperature:    hence   ita  great  value  iu  the  cim.slT iietiim 
chemical  vessels.     It  is  dissolved  by  nitro-muriatic  acid,  nnd  su|ierticiid|j 
oxidi2e<l    by  fused   potassium  hydroxide,  which  uuters  into  cumbiuatil 
with  the  oxide. 

The  remarkable  property  of  the  spongy  metal  to  detormine  the  ank 
of  oxygen  and  hydrogen  has  been  alreaily  noticed.     There  is  u  still  i 
curious  state  in  which  platinum  can  Ite  obtained — that  of  ;>/r(/i'num./>/a 
in  which   the  division  is  carried   much   further.     It  is  easily  prepared  ' 
boiling  a  solution  of  platinio  chloride  to  which  an  excess  of  solium  ( 
bunate  and  a  quantity  of  sugar  have   lieen  O'lded,  until   the  pr<<ci|iiu 
fonn«l  after  a  little  time   Ih-conies  ]>erfeclly  bl:ick,  and  the  superuab 
lii|Uid  colorless.     The  black  powder  is  c<illected  on  a  Alter,  wo-ihed,  i 
drieii  by  gentle  heat.     This  siilistan«H>  appears  to  {lossess  the  properly  I 
condensing  gases,  more  especially  oxygen,  into  ilji  ]>ores  to  a  very  i 
extent  :  when  plac.e<l  iu  contact  with  a  sidution  of  formic  acid,  it  ounva 
the  latter,  with  copious  etlervescence^  into  carbonic  acid  ;  ah.'uhnl,  dmp 
n|Min  the  jdntitiuiii-blnck,  U'conies  chnugiMl  by  oxidation  to  acetic  acid,  I 
rise  of  tum|HTatiire  K-iug  often  sufficiently  great  to  c.inse  inll.'tmmatioi 
When  exposed  to  a  red    heat,  the   hlai^k   sul<stunie  shrinks  in   voluins,' 
lussumes   the  appearance   of  wimmon   spongy   platinum,  aU'l   hiacs   Uuv> 
peculiarieties,  which  are  no  doubt  the  result  of  its  excessively  coumiiuuteil 
state. 

Platinum  forma  two  Beries  of  compounds :  tho  platinona  ram- 
pounds,  in  which  it  is  bivalent,  c.  </.,  Ptt'I,,  PtO,  and  the  platiuio 
oumpounds,  in  which  it  is  quadrivalent,  «.y.,  I'tCl,,  Pt(.),,  etc. 

Chlorides. — The  rficA/orWe,  or  Ptulinoiu  rJJoride,  PtCl.,  is  produced  wll 
plntinic  chloride,  dried  and  jiowdiTed,  is  oxjKWed  for  some  time  to  a  hs 
of  nbout  200O,  whereby  half  the  chlorine  is  exjielled  ;  also,  when  sulphg 
ous  acid  gas  is  passc-<l  into  a  solution  of  the  tetr.ichlnride  until  the  Uti 
ceases  to  give  a  precipitate  with  sal-.tmmoniac.  It  is  a  gre<-ni»h-pr«y  ] 
der,  insoluble  in  water,  but  dissolved  by  hydrochloric  acid.  The  Iat( 
solution,  mixed  with  sal-ammoniac  or  ]H>tassium  chloride,  deposits  a  doulj 
salt  in  fine  red  prismatic  crystals,  containing,  in  the  Inat  case,  '.iKCI.I'lC 
The  corresjmnding  soflium  comjmund  is  very  soluble,  and  ditHcult  to  cr^ 
tnllite.  The.«e  double  salts  are  cjilled  plalinnsnrhloriilt*  or  chliin-ptitiiniu 
PIntinons  chloride  is  deoomjiosed  by  heat  into  chlorine  nnd  metallic  pla 
num. 

Platinous  chloride  unites  with  carbon  monoxide,  forming  the  three 
pounds 

<C0  ^CO— PlCl, 

I     ,    Cl,Pt<:^  I 

CO  ^S^O— CO 

all  of  which  are  protluced  by  heating  platinons  chloride  in  a  streS^ 
carbon  monoxide.     The  lirst  aud  third  crystallize  in  yellow  niwdl 
Second  in  white  needles. 


PlatinouB   chloride  also   nnite*  with  phosphorui   trichloride,  fbrmi 
pbospbu-platinic    chloride,    CI,Pt~PCl,.   which  is  obtained 
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■-■-"•  ulstinnm  with  phnsphnms  p«iilfulil<iriilf  ln250O.  It  tTys- 
u-«olor«yl  ne(-<ll>?3,  nifltiiiK  at  17(1°.  Wlirn  lionted  with 
rns  triclilnriile,  it  i«  (Hinverteil  in  di  |>lioR|ihu{)lutiniu 

•klortde,  Cl.Pt'^    I        ,  which  foring  canary-vellow  crystals,  melting 
^^PCl, 
,  •lltOO.     These  two  uhlurides  are  converted  by  wat«r — the  Utter  on  ex- 
I  to  moUt  air  at  a  low  winter  teniperaturv — into  phusphuplatinio 

l'(OH), 
hoaphoplatinic  acids,  Cl,Pt^P(On),and Cl,Pt<^  I 

«r  of  which  is  trihaHic,  the  latter  sexbasic. 

Pntinum  tttrncUnnde,  or  Ptalinie  chloride,  PtCI,,  is  always  formed  when 

au  U  di-ssolvwl  in  nitro-muriatic  acid.     Tlie  acid  Molution  yicldH,  ou 

:  itiiin  to  dryiii^ii,  a  red  or   browu  ri'siduc,  deliquesreut,  ami  very 

'      li   iu  watt-r  and  in  alctdiol  ;    the  aqueous  solution  lias  a  pure 

■  w  tint.      Platinic  clilnridc  unitea  with  a  gri-.-it  variety  of  nii'- 

i:.li'!(,  forming  double  salts  called  jJatino-chlorUles  or  cJiloro-jiltiti- 

ibn  most   important  uf  th<i!e  couiiwunds  are  those  containing  the 

if  the  alkaljca  and  ammonium.     JiitiiKsiiim  iilalinurlilnrulr,  2K(.'l.i'(L'l,, 

.1   bri>:ht  yellow  crystalline   precipitate,  Ik-iiik  produced   whenever 

•u  of  the  chlorides  of  platinum  and  of  potnusiiini  are  niixeil,  or  a 

nim  salt  mixe<l  with  a  little  hydrochloric  acid  is  added  to  |ilalinum 

loride.     It   is    feebly  soluble  in   water,  still    IcsK  soluble   in  dilute 

■   1  is  decomjKisiil  with  some  dilDculty  by  heat.  It  is  i-asily  reduced 

I  at  a  liiRh  temperature,  yielding  a  mixture  of  potassium  chlo- 

;..    ^..■.  ,   jtiuum-black  :  the  latter  substance  may  thus,  indeed,  Iw  very 

easily  prepared.     The  lodlum  suit,  2NaCI.PtCl,,0H/>,  is  very  soluble,  crys- 

talliiiug   in   large,   transparent,  yellow-red   prisms  of  great   beauty.     The 

■HMiiwa  m//,  2NH,Cl.PtC'l,,  is  unilistingui»ihable,  in  physical  characters, 

fmoi  the  potassium-salt :    it  is   thrown  down  as  a  precipitate  of  small, 

Iruuparont,  yellow,  octohedral  crystals  when  Bal-aiiiiiioiiiikc  is  mixed  with 

tlttinic  chloride  ;   it  is  but  feebly  soluble  in  water,  still  less  so  in  dilute 

and  is  decoiiiposiHl  Viy  heat,  yielding  spoii(;y  phitiiiuni,  while  sal- 

Biac,  hydrochloric  acid,  and  nitrogen  are  driven  olf.      Platinic  chlo- 

I  forms  crystallizable  double  sails  with  the  hydrochlorides  of  many 

;;uiic  luue* ;  with  ethylainiue,  for  example,  the  coupoand,  2[NH,(C,llj). 

l|],Ptl71,. 

The  Irritautlea  and  indidet  of  plallnnm  are  aiialo;;oiia  in  crim|K>sition  to  the 
|iiUuru/ei,  and  likewise  form  double  salts  with  alkaline  bromides  and  iodides. 

Ozidea. — The  monoride,  or  Plalinma  oridr.,  PtO,  is  ohtoiii.-d  by  digesting 
tli^dicliloriile  with  caustic  potash,  as  a  black  iKiwder.  sohiblo  in  excess  of 
•llciili.  It  dissolves  also  in  aeiils  with  brown  color,  and  the  solutions  are 
ii"l  precipitutiil  by  sal-ammoniac.  When  platinum  dioxide  is  healed  with 
""liition  of  oxalic  a<''id,  it  is  reduced  to  monoxide,  which  remains  dissolved. 
Tli^  liipiid  li;is  a  dark-blue  color,  and  deposits  fine  coi>per-f  ed  needles  of 
I'lallriiiiiK  oxalate. 

The  iHoridf,  or  HaHnic  oride,  PtO„  is  best  prepared  by  adding  barium 
miriU'  to  a  solution  of  platinic  sulphate;  barium  sulphate  and  platliiio 
nitmle  »re  then  produced,  and  from  the  latter  enuslic  s("la  precipitiites 
"ii'^lj«lf  of  the  platinum  as  iihilinir  lijfllriitK.  The  sulplinte  is  ilsi'lf  obtaiiii<d 
I'.f  tiling  with  stroiiK  nitric  aci<l  upon  platinum  hisulphidi',  which  falls  lui 
«  liliuk  jiowder  when  a  solution  of  (he  tetr;iehlori<le  is  dnrjiped  into  potas- 
I  milphide.      Platinic  hydrate  is  a  bulky  brown  |M>wdi'r,  which,  when 

ntljt  heated,  beooiuns  blade  and  aiiliydfuua.     It  may  also  b«  tunivwV  \iV 
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boiling  platinic  chloride  with  great  excess  of  caustic  uida,aii<l  then  adding 
acetic  acid.  Itdissolrvs  in  acids,  and  combines  with  buses  :  the  salts  lui'< 
n  yellow  or  rod  tint,  and  a  great  dispo»ltiun  to  unite  with  salts  of  tbo  alkii- 
lies  and  nlknlinc  cnrtlis,  giving  rise  to  a  series  of  double  comiM'iind.s,  whicji 
are  not  precipitated  by  excess  of  alkali.  A  combination  of  platinic  oxida 
with  ammonia  exists,  which  is  ex]>lusive.  Both  oxides  of  platiuuiu  i 
reduced  to  the  metallic  state  by  ignition. 


uiu  u| 

un  H 
1  Mfli 


Snlphldea. — The  compounds,  PIS  and  PIS,,  are  pro<lnced  by  the  i 
of  hydrogen  sulj>bide,  or  tlie  hydrusulphide  of  an  alkali-metal,  un  I 
dichioriilc  and  tetrachloride  of  platiniun  respectively  ;  they  am  both  Mi 
sulistanees,  insoluble  in  water.  Platinic  sulphide  heated  iu  a  cbisc  fi-sstl 
gives  oir  h.ilf  ila  sulphur,  and  is  rinluced  to  platinous  sulphide.  Itili*- 
solves  in  alkaline  liyilrates,  carlionates,  and  sulphides,  forming  salts  callnil 
tiUfihofiluliiiuttt,  which  are  decomposed  by  acidf. 

AmmaHiaeal  Platinum  Compoundt. — ^Tho  chlorides,  oxidei,  ral- 
phates,  etc.,  of  platinum  are  capable  of  taking  up  two  or  more  moleculu 
of  ammonia,  and  forming  eompoumls  analogous  in  many  respects  to  tlie 
ammoniacal  miTeury  compounds  already  di-scriln-d. 

The  nitrr)gen  in  all  lliese  eompoumls  is  quinquivalent,  and  (vinsp<iuentl/ 
the  groups  niiimoiiia,  NUj,  and  iliammvnin,  N,H,or  Nil, — Nllj  or  N11,(N11^, 
are  bivalent,  having  two  free  combining  units. 

The  platinum  in  some  of  these  conijKiuiids  is  bivalent  (jJalo  or  pliUiut), 
and  unites  by  two  of  its  wmbiuing  units  with  the  bivalent  grou].e  NH|Or 
N,H„  each  of  which  retains  one  oouibining  unite  free.  In  othen  tliO 
platinum  is  quadrivalent  (/lAi/i'nn) ,  and  unites  by  some  of  its  oi;  '' 
units  with  ammonia  or  dinmmonia,  the  remaining  units  lieing  sat 
conibinntiim  with  electro-negative  radicles.  In  otliers,  again,  the  pi..i..i.." 
aecuumlatc'S  in  such  a  manni'r  at  to  form  coni[>oun<ls  containing  (I'l,)", 
(Pt"— Pi")",  (Pt"— Pt''— Pt"— Pt'')«,  etc.  The  bivalent  groups  Nil,, 
N,H,,  always  go  by  pairs,  excepting  in  the  scmi-diammoniums,  in  whicli 
half  or  a  quarter  of  the  combining  unita  of  the  platinum  is  satisfied  by 
once  N,H,. 

The  names  and  oonstitution  of  the  sevoral  groupi  are  given  in  the  fol- 
lowing table,  the  aymlwl  R  denoting  a  univalent  chlorous  radicle  aua^ 
CI,  No,,  etc. 


1.  Platoaammoninm  oompounda, 

2.  Platosemidianuuoniam  compounds, 

3.  PlatomonodiaTuuiunium  compounds, 

4.  Platosodiammoninm  compouuda, 
B.  Platinammoninm  oomponnds, 

6.  Platiuoscmidianunonium  compounds, 

7.  Platinomonodiammonium  compounds, 


1 


Pt/NH,U 
p,^NH,(NH.)R 
p^NH,(NHjR    . 

^'\Nu,R      a 

,.  ^NII,(NI1.)r" 
* '*v.NU,(Nll,)R    , 

R.Pt<j^"'(^'".>R. 

R  rt^''«".(N".)al 
"«'  'vnii.r        I 


^^''KSIl!^^!]:!!! 


NH,R 


DtplaUiuuamoniam  componniU, 


10.  DipIaltModiaiiunoiuntn  oonipounds, 


U.  DipliliiimliimmoQiuin  oompouiuU, 


12.  Diplatioototradiammonium  coini>ounilii, 


NU,R 
Pt— NU,(NU.)R 
Pt^NH,(NH,)R 
H,Pl— NU.CNnjR 
EjPt— NI1,(.NU.)R 

l^Nn,(Nll.)R 


We  gh«Illii>ro  iloscribe  the  most  plinractoristio  compounds  of  vach  group, 
infill iim  Ii>r  luure  uniiiplelu  iluscriptiuu  tu  larger  works.* 

lalotammonium    Cvmpounila. — Tlu>9e compounds  are  formed  by 

of  the   plomt<nls  of  anunonia,  NHj,  from   the   corresjKinding 

ammonium  compwumls.     They  arr,  for  the  most   part,  in.iolutilo 

l>ut  diasolvti  in  ammonia,  reproducing  the  platosodiaminonium 

toiupiunda.     Th'.'jr  detonate  when  heated. 


dUoriJt,  P'<C^'{|'ei  •  '"'  N,H,PtCli,  ia  formed  by  heating  platosodi- 
luin  chloride  to  a;jlP_27(iO,  or  by  healing  tho  same  salt  with  hydro- 
1,  or  by  iM^iliiig  the  green  salt  of  MagnuH  (p.  444)  with  nitrate 
"Hlphata  of  ammonium,  and  is  de]>o<tited  as  a  yellow  crystnlliue  powder, 
"'"•  r'lombohedral  sealoo.     It  disHolvea  in  4472  p.irts  of  water  at  0^',  and 
rlfl  of  lioiling  water,     At^TtP  It  decompiwes  in  tho  manner  repro- 
_JiI:i'.-i i'f  the  equation, 

3X,1I,PIC1,  =  3Pt  +  4NH,C1  +  2Ua  +  N,. 

nTfrnitrat«  »<ld«l  to  its  Rolntion  throws  down  all  the  chlorine.     This 

:« ijumeric  with  the  green  .^alt  of  Majn)tia,  with  the  j-ellow  ehloride  of 

Didiamuionium,  and   with   the   uhloroplatinite  of  platosomonodi- 

BirrespondinR   iWirfi-,  N,H,PtI„  is  a  yellow   powder,  obt.iined   by 
■••Ung  the  otjueous  solution  of  the  coinjiound,  N,H,.PtI,.      It  dissolves  in 
LJ"««mi»,  repriWoelng  the  latter  oompound.     TheonVy*-,  5<',II,PtO,  (>lilain<>d 
rhcatinK  pInto«>liammouium  oxide  (p.  444)  to  llOO,  is  a  pmyish  mass, 
•ifli,  when  heat'-d   to  liXlO  in  a  close  vessel,  gives  off  water,  ammonia, 
I  tiitrogen,  and  leave*  metallic  platinum.    The  hydmriilr.  N,H,Pt.(lK>)i. 
4im«l  by  deeum posing  the  sulphate  with  Iwiryta-water,  is  a  strong  base, 
iiMn   in  water,  having    an  alknline    reaction,  absorbing   carlnmio   a<-id 
I  Ihe  air,  and  lilH-rating  ainiiiiniln  fmni  its  salts  (Odling).     The  mtljtlinle 
,I'l*l,.Hjil.  Kn<i  the  nilnilr,  N,ll,Pl(NO,),,  are  obtniiied  by  Iniling  Iho 
de  witli  »ulphal«  and  nitrate  of  silver  :  they  are  crystalline,  and  hare 


I  WalU'i  Dleliooary  efOhenilarry,  li'.  073,  and  3d  Suppl.  Ml. 
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B  strong  acid  rvMlion.    The  sulphate  rvtaiiu  a  nioltwala  or  citbL 
tion  iratOT,  which  cannot  be  removal  without  ducompoaing  ihm  sail. 

2,   Plalorotrmirlinmrnonium    Compnttnria  . — Tlii?s«>  oomponoiil,  ■■ 
meric  with   the  ])r«cwliug,  are   furtrnvi  dv  liirvct  a>l<lition  o{  amitionls  to 

pl.itinuus  salts.     Tlio  Moridc,  Pt<[^p?    •      ,  is  olitniuul  \\y  iul<ling,| 

nia  to  a  told  suhition  of  jilntiuous  chloride  In  hydnwlilorio  acid, 
after    'iA    hours,  aud    trt.'aliiig    tliu    yidlowisth-grwii    residue  with 
water,  wliic'li   disr^olves   tlie   platusvmidiammouinm    i«all,    mid    lenvi: 
green  Knil  of  M.ii,'iiU8  tornied  at  lliu  saiue  lime.     Tlie  snl:' 
deiHisitN  III"  plAliii<u!iemi<liaminoinum  cliloride  in  smnll  pi 
form  fmiii  tlie  etiloriile  alxiru  deserit>ed,  and  muoh   more  rMMnhK-  >u 
requiring    for   solution  3C7    parts  ul    cold,  ainl  'Jli    parte  of  laiiliiic 
The  oilier  salts  of  this  Imse  are  oblainwl  liy  di'c.iinj^.^uif  ilf  .  lil..rl 
tilt)  ourrespouding  silver  salts.     Tlie'irnwiiWo  an 
needles;  the   niliitc  in   silky  ni>edk>8,  wliiuli   <l 
nitrate  aud  mlphiUc  form  yellowish  orystatlinu  crusts. 


3.  PlalotomoHodiiimmonium 


Coinpounii$,   I't^juJ.  |,    .— T 

rnnlatinite  of  this   series,    2N,U,r'lCI,.Pl('l,,   formed  in  sninll   iiuantijj 

a<ldin|,-  nmnioiiia  to  a  solution  of  platinous  chloride,  eryslalliii's 

sijuaru  laiuiu:F,  slightly   soluble  in  cold,  more  solnldn  in   tmilln^l 

Treated  with   silver  nitratii   it  is  convertinl    into  pla: 

nilratr,  .'ind   this,  when   heattnl  with   hyilroclilorie 

sponding  <A/>ir(i/c,  NjH,I'tClj,   wlilch  is   wry  soluLil.j,  u.,.!   vi_i:.i-ilfi 

oolurless  nuodlus,  or  iiaoruoiis  sciil'53. 


^N,H,R 


— Th*  cWw 

,.;„... I     .,,, 


4.  Platoiodiammonium   Compound*,  J^^Cv'ii'tj 

N,n„l'tri„  one  of  the   eorliest   discovered  of  the   aiiini'^-' 

roiuiMtundK,  in  ohlained    hy  the   action  of  aninionia  on    ' 

Ma^nuf,  or  on  the  ihlorlde  of  plalJisaniiiionluni.    When  j  ! 

is  boiltMl  with  excess  of  ammonia,  till  the  green   pri-cipitate  I' 

first  instance  is    niliiisolved,  a  solution  Is  ohtained,  which,  u  : 

and    evapor.-iteil,  yields    the    chloride  uf  plAtosMliauinionitim    m  side 

yellow  crystals  containing  one  inoU'itnlK  of  water,  which   tliey  itlv* 

11(10.    It  iH  soliihle  in  water,  niid  its  solution  niixi'd  with  i  ' 

yields  fttntitnnttinmiininiHin  dtlitntitliitmUr^  N^llnHtt'lj.l'trij, 

tosatninoniuni  cliloride,  and  i;\-vi'-i  ■■.<'••■■  •'■■   '•  -■ 

disi'<iveri<<l  ol  the  uiiniioniiipl. 

Ix"  pri'pared  liy  piissiii;;  sulpliu 

tinic  clilorido,  till  it  is  cntupletely  couverleii  into  platinous  ciiloru 

is  therefore  no  longer  prwipitated  hy  sal-ainiiionlae),  and  ueutralU 

solution  with  .iiiiiuiiiiia.     It  forms  dork-gruou  nvtxUea,  insululila  in 

alcohol,  and  hydr<Hdilorie,  acid. 

The  hrnmidf  ami  iixikit  of  this  scries  are  ohtnlned  hy  Ireu" 
of  the  sulphate  with   bromide  or    lo<lJde  of  bariiiiii:    ll> 
cubes.     The '"W>/r,  N,H|jI't(),  is  obtained  as  a  i'ry:<?  ■ 
jlosing  the  solution  of  the  Hul|i|iale  witli  an  ixioival'  1^ 

w.'vter,  and  evapornthii:  lli"  l'Ur.il<'   in   .i  vacuum.      I  >l| 

and  caustic,  like  |>"  acid  rapidly  Imni    the  jiir,  ci:i) 

pr<tilpltate«  silver  ■  m  <•'  lb-   nitrite,      it    i^  s  ftrrteK 

bam-,  neutral  I- 
It  melts  at  11" 

ninni  oxidr.     ii-  ,i.iu.'..,m 11...11  .i...  . 

bvllod.     Tiiu  uJllde  atiMiln  catbou  diu- 


^ 
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Hi  ■•'-'    i-.r.-i..    V  i(    Pti'n    ir.O,  an.i   afterwards  an  acid  salt, 

Hi  ,  I,,  and  tlie  nilrutf,  N.U  „rt  ( NO.,),, 

|Bt  witU  Hilvi-r iiul|iliatu  or  nitrnus 

mrj  mn  uvutral,  ouil  iirjrsbUlixo  easily. 

ammonium    CompounJi . — The  chloride,  f''iP*<^f.'n'ri' '* 
eteunnl  l>y  t)i<>  ai.-tioii  of  chlorine  on  plattwamnionium  chloride  xuHjietidiMl 
''  ir.     It  is  a  lemun-/ellow  crystalline   powder,  niatle   up  of 

.1  iiedroiis  with   Iruucjited  siiiuinits.     It   is   inooluhle   iu  ruld 

I'  '"         'iMe  in    Ixiilinp  water,  or   in  water  eontainiii;;;  hy- 

.  ivi-s  in  ammonia  at  a  lM>ilin(;  heat,  and   tiii'  hoIii- 

^.    .   1      ...    ;i  yellow  precipitate,  eousiiitiug   of  plntino<li,ini- 

liloride.     It  dissolves  in  lKiili:ij.'  potash  without  evolving  animonin. 
■  . — An  atfmlralt,  N,H,l't(NU,)jt>,  is  obtaiui-d  l>y  Ixjiliiig  the  ehlo- 
\l't('l„  for  ceveral  hours  with   a  dilute  solution  uf  silver  nitrat4Vi 
.low  crystalline  jKiwiler,  spariiij;ly  soluhle  in  cold,  more  solublyl 
tfjiliug  water.     The  noniuil  iiitrolr,  N3ll,l't(NO,),,  is   obtained    by  dis- 
Mrini;  the  oxynitrate  iu   nitric  acid :  it  is  yellowish,  insoluble  iu  cold 
rttir    -    <-i\  ■  in  hot  nitric  acid. 
Ti  l[,I'tu^  is  obtained  by  nddinp  ammonia  to  a  boiling  solntion 

(  plj ilium  nitrate  ;  it  is  then  iiriTipitnted  in  the  form  of  a  heavy, 

«Uuwwfa,    crystalline    iK>wder,    c^miiMwed    of   small    shining    rhomlxiidai 
rtrtnii ;  it   ia  nearly  insoluble  in   Uiiling  water,  and  resistii  the  aeli<in  of 
'.a»h,      lleati-d  in  a  clo««>  vesttel,  it  giveii  olf  water  and  ammonia, 
-<   metallic   iilntinum.     It  dissolves  readily  in  dilute  acids,  even 
11  :.  iiid  forms  a  large  iiuml>er  of  crystallinable  salts,  iKith  neutral 

tail  <A  »  yellow  odor,  and  sparingly  soluble  in  water.     Another 

Will-.....,.!  .1  pUtinio  oxide  with  ammonia,  called  Julminatinij  jJulinum, 
■buw  otnuifiwitiou  has  not  been  exaelly  a.ieertained,  is  produced  by  deeom- 
ammonium  platiuo-chloride  with  aqueons  potai^h.  It  is  a  straw- 
jiowdor,  which  drtonatefi  slightly  when  suddenly  heated,  but 
1/  when  exposed  to  a  gradually  increasing  heat. 

WjHatino§emiJiummonium  Campoandt. — iHomerio  with  tho  pre- 

Tlie   M<xnde,  CI,I't<[J^!f"*''  ,  formed  by  the   action  of  chlorine 

STOiiillammonium  chloride,  crystalliiesin  y<-llow  «ix-Bid<-d  plates 
ig  to  the  rhombic  system,  turning  green  at  KHiO,  and  dissolving  in 

J  without  e»olotion  of  ammonia.  Afco»icriiVr((/f,  (()lI),Pl<^,|l  •  ', 

ainnl  as  an  amortdious  vellow  precipitate  by  tr<-ating  the  chloride 

N  H    N  O 
ttilver  nitrate,     A  cMoronitratt,  Cl,I'l<^j^-},  *"'     »,    obtained    by    the 

I  of  chloritte  on  platososemidiammoiiium  tiitrate,  crystallixes  in  small 
r  Di^lles. 

Plalinnnonodiammnnitim    Compounds.  — Tha  Moride, 
^\n  ?n  •  ^"""^  ^y  ^^^  action  of  nitro-muriatic  acid  on  i>latosoino- 
■olismroonium  chloride,  crystallin*  in  rhomblo  or  hexagonal  plates.    A  ire- 
■^r,  Br,l't<^^'||'jl?j*Y-K"i">  o''t'«in<xl  ^Y  adding   bromJne  to  the 
^Bte  of  platosoiuonodiammonium,  forms  yellow  soluble  crosts. 

^K    Plalinediammotiium   Campoundt.  —  Tho   chloride, 
^Ki;^^.^*^!,  U  obtained  by  passing  ohleriue  ga»  into  a  solution  of  plft- 


iliauiiuuuiuni  cblorido  with  bromine.  A  baaie  nitrate,  v<)^>P'^ 

is  olitaiiiiTi  by  tiu'  arli<in  of  nitric  seiil  on  jilatosodiauiuiuniiiin  1 
a  wliito  crvstalliMe  powiliT,  cuiivt'rtisl  l),v  aiuiiiouia  into  tliu  sal 

(N,U,.NO,),.    Tlie  sHti,liat«rJiluride,  Cl,Pt<;;I^!»}j«>S(\,  formed  b, 

tion  of  sulphuric  acid  on  the  chloride,  cryntalliies  in  slender  tr 
needles.  An  oxalixJilnrHlr,  (■|jPt(N,H,),L',0,,  obtaiiir^l  by  tro 
obloride  witli  luumouium  oxalate,  ia  a  very  soluble  oryatalUno  p< 

irt(Nn,i), 

9.  Dipliilinnmmonium  Iodide,      |  ,or  I,(Pl,)''(N 

Il'tCNII,!), 
only  term  of  this  Hcries  at  proseut  known,  is  obtained  by  treat!: 
ammonium  iixlide  with  Imiliug  pota.<ih,  and  the  rejjultinj;  yello 
with  hydriwlic  acid.  It  in  a  black  amorphous  sulxitance,  wli 
again  treated  with  potash  and  lirilri<Mlicacid  yields  the  compoau 
(NM|I)„  and  tliis  by  similar  treAtiuciit  may  bo  converted  iut« 
more  condensed  compound  l,(Pt,J"*'(Nll,l)„. 


/lydnB 


10.  Difilalosodiammoniiim    Compoundt,  —  The    /i« 
Pt— N,Hj— l)H 

I  ,  formed  by  the  action  of  caustic  soda  on  the  o1 

I't— NV,n^>!I 

platosuseiiiidiaiiinioniiitu,  is  a  grayish  erystallino  inaolnhlu  powd 
detonates  violently  when  heated.  Trcotwl  with  hydrochlorl< 
yields  a  velluw  jMiwder,  wliicli  h  converted  bv  Killing  water  intc 
rirf/!,  Pt,(N,IVI),. 

a,Pt— NH,— NH, 

11.  Diplalinodiammnnium    Chloride ,       I  , 

Cl,i't— NH,— NH, 
low  amorjjhons  powder  formed  by  the  action  of  nitro-muriatio  at 
bydrat«  of  the  preceding  surieii. 
,. BPKNJ, 
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a,  KDd  iMviDg  metallic  platiniiin.     The  nitric  acid  in  Uiil 

kf  bv  rr|il:u'<xl  U/  nu  t-qnivalent  quantity  ui  carbonic  or  uxalic  ncid, 

Ig    thu    comjMiumis,    N4li,«l'tj(<-'<»,>,OCIj,    and    ]S,U„l't,{f,0,),Otl„ 

I  wliii'h    urn   cr,V!.talii»ttlile,  ttud   Bpariiigly  soluble.     A    bujiic  uxutn- 

•*»"j»'''a('^V*i)'i(''^*^>)j^'  i'is"'ubltf  in  wati-r,  is  ubtaiuvd  by  adding 

ttu  to  tile  uxy  uilrate. 


"'■ 

ncid, H 
Otl„  % 


tHnlinum    Sulla. — I'latinio   cbloridr,  or    a   ]>latiulo   oxygen- 
Uiv  bi-  rfco^tuifavi    in   solution   by  tlio   yellow   prt-ciijilatu  wliiuli  it 

gtui-amiHOHtac,  decuuiposible  by  heat,  with  pruduutiou  of  8i>uiigy 
mlpkide  and  ammaiiimn  adphide  gradually  form  a  brovrn  priiuipi- 
inic  aniphidr,  soluble  iu  exoeso  uf  aiumuuiuiu  sulphide.     Ziuo 
lat«s  mutuUir  plutinuni. 

Rcliluridf  and  iio<liuu]  platinochlorido  are  employed  iu  analyti- 
fttionii  to  dctwt  t)ie  preaeiu*  of  potassium  and  so|)arut«  it  Imm 
nr  the  latter  purjxwe,  the  alkaline  sajt.s  are  converted  into 
m,  and  iu  thin  xtate  mixed  with  four  times  their  weight  of  80<iium 
whioride  iu  cryMtnLi,  the  whole  being  disHolved  in  a  little  water, 
the  formation  of  the  yeJlow  salt  appears  complete,  alcohol  is  added, 
t  precipitate  collected  on  a  weighed  filter,  washed  with  weak  spirit, 
ly  dried,  and  weighed.  The  potoi^sium  chloride  is  then  easily 
ed  from  the  weight  of  the  double  salt  1  and  this,  subtrnuted  from 
Ight  of  the  mixed  chlorides  employed,  givea  that  of  the  sodium 
e  by  difference  ;  100  parts  of  iMitassium  platinuuhloride  correspoud 
).51  parts  of  pota£i:iium  chloride. 


inles  and  crucibles  of  platinum  are  of  great  value  to  the  chemist; 
tier  are  cunatantly  used  in  mineral  analysis  for  fusing  siliceous 
with  alkaline  carbonates.  They  suffer  no  injury  in  this  operation, 
;h  caustic  alkali  nmghens  and  corrodes  the  metal.  The  experi- 
muat  Ix-  particularly  careful  to  avoid  introducing  any  oxide  of  an 
riuiblK  metal,  as  that  of  lead  or  tin,  into  a  platinum  crucible.     If 

fesilould    by  any  means    occur,  these   metals  will  at  once   ullny 
with  the  platinum,  and  the  vessel  will  be  destroyed.     A  pla- 
Ifble  mmit  never  l>e  put  naked  into  a  coke  or  charcoal  Hre,  but 
plaoed  wilhiu  a  ouverud  earthen  crucible. 


PALLADIUM. 
Atomlo  weight,  10J.6.    Symbol,  Pd. 


I 
I 

I 


lion  of  crude  platinum,  from  wiiieh  the  greater  part  of 

u   procipitatcil   by  sul-animoniac,  is  neutralized  by  so- 

'-A-,  and    mixed  with   a  solutiim  of  mercuric  cyanide,  palla- 

I'iiratcs  OH  a  whitish  iusoluble  suln>t:mee,  which,  on  being 

1.  —  -X.  and    heated    to   rednesii,  yields    metallic    palladium    in    a 

!  (tate.     The   pallwlium   may  then   be  ireldud   into  a  mass,  in  the 

tanner  as  platinum. 

idium  closely  corresponds  with  platinum  in  color  and  appearance  ; 

»o  very  malleable  and  ductile.     Its  density  differs  very  much  fMtn 

platinum,  being  only  U.S.     Palladium  is  more  oxidable  than  pla- 

Wheu  heated  to  reduess  in  the   air,  especially  iu  l\>«  »\.n.V«  ul 
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■pongo,  it  ac'iiiiri.'g  A  liliiv  or  jmrpV  saporttoial  fltm  of  oxiiln,  wkicti  1*1 
I  Again  re<luo«l  at  n  whit«  beat.     This  metal  i»  sigwij  stta«kcd  bjraittt*] 
•ciil ;  ila  l>u3t  Aulvviit  is  nitro-inurintit-  acid. 

Palluiliuiu,  like  platinum,  furms  two  cloiisvg  of  componnilg  ;  nAitM<lr,  lb*l 
pal  I  fxlioiiK  coiu|>i)Uii<Ib,  in  which  it  is  hivoleiil,  and  the  [•allxtlfl 
coiupuuiida,  in  which  it  is  ijuadrivaleitt. 

Chlorides. — Tliv  JirJilnritIr,  or  fhlliitlimn  eUtn^r'-    }']•'<  '• 

\ih*u\\ii\g  the  metal  in  iiitri>-iutiriatiu  aoid,  »>< 
f  to  di-yiuss.     It  is  a  (lark-brown  luaj-^,  which  di^- 
rlioH  not  iN'cn   too  threat,  ami  fornix  iloiil'le  sallii  uith  many  nu^tnllir  Mi 
I  rides.     Tlie  palladio-ehhiridea  of  Hmiiionliiui  and  |H>taH«inni  are  niocb  i 
FSolublnthan  the  oorrexpondiiig  platiuochluridos:    titey  luivo  »  tatm 
[yellow  tint. 

The  Irlrnchtiiriilr,  or  Hilliulic  Mnriih,  PdCl,,  >•    ' 
lln  comhiimtion  with  thi'  alkaline  chlornh'fi.     It 
Iridu  is  diKef.ti<d  in  nitM-imirlntie  acid.     Th        ' 

'  color,  ntid  iH  de<Mm|>o!>cd  liy  eva)Kirution.  Id 

[  or  with  snl-ainm>>niHC,  it  gives  rise  In  a  r<  < 
[is  but  little  soluble  in  water. 

Palladions  lodlda,  Pdl,,  Ir  preoipitat(«l  from  the  chlnr 
Solill'le  iodidcH,  as  a  hlack  nuufi,  which   ^ivcx  off  lt«  imliii 
and  3iU)'^.     l'.'ill.idiiim-Halt;i  ure  eiuplnyi^l  for  th»  <|iinntjiiiii>  •■  >- 
I  of  iodine,  ohlurine  and  bromine  not  twing  precipilate<l  by  Ihein. 

Oxides. — Tlio  nmnnxide,  or  Pullndiouii  nridt,  Pdfl,  in  olilnitn^l  by  «'t»] 
raliiig  to  dryiie.<!4,  and   cautiously    heoting  tlie  solution  of  piilli.t 
nitric  ni-id.     It  it!  bluck,  and  but  little  »olut>lc  tn  acids.     The  li> 

[  as  a  dark-brown  jtrecipitnte  when  Boatiuni  c»rlionato  ia  uddeit  1  • 

r  solution.     It  ia  dei'tmiponwl  by  a  Btrou);  ht>at, 

1       The  c/iWk/u,  or  [\tUiuUc  ujiilr,  PdO,,  ia  not  known  fn  the  avporat*  atoi*. 

I  FroiunBiilutiouof  jinlln<liccbh>ridi',  alkalicM  and  olkal 

y  down  a  Itrown  prcci|iittttt.,  omsistinj;  «tf  hydriil.'d  pn. 

with  the  alkali.     Thin  conij>nunil  given  oil  half  itsi  ._■.. 

heat,  ojul  the  whole  at  a  higher  t<'n>|"'ralure.     Prnui  hot  yoluti 
prwipil.Mte  is  obt-aine<l,  containing  the  anhydrous  dioxide      I  mjLi; 

I  diaaolveg  glowly  in  ocida,  fomiin;;  ypllow  solutiona.     lu  !?i 

I  ric  acid  it  dinsolvcs  without  dei«nn«>«iticui,  forming  iw/<Min' 

I  arising  from  admixed  potash  ;  with  dilute  bjrdrocmorio  acid,  uu  iIm 

t  trary,  it  gives  off  chlorine. 

Pallldions  Sulphide,  PdS,  is  formed  by  fuaing  the  metal  with  a 
r  phur,  or  by  precipitating  a  snlulinii  of  a  palladloua  aall  wilJi  hydro||< 
Isulphide.     It  U  insiduble  in  anunoiiium  sulphide. 

I     Ammonlaoal  Palladlnm  Componnds. — \  ni>  ' 

Igolullon  ol   palliidiiiiu  .li.  Iilnftdc.  tr'-/it'~l  with  f\  -liv' 
lyieldn  a  bt'autiful   tl 
lN,l!,Pd"ri,.    Tbi»  I 
I  the  ,, 

r,.i., 


ill<.<l  U>  II 
'  ,  but,  1ki(>.^ 
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ouxIiBcatinn.  Th'-^i'  i-4ini|Minnils,  discnreri^  by  Hugo  MQIIvr,*  are  annlo- 
fiouin  ill  llii-ir  iniuics  "f  fiiriDation,  ami  pmbalily  tht'ri'furi'  in  limsititiilioii, 
t«i  tliu  two  modiiicatiuiis  ot  tlic  platinum  cump<.>und,  r<>,H,t'tl.'L  (p.  444); 

tlie  red  oompouud  Ix^lug  jtaHuJiotaiddiammumum  rhluridt,  Pil<^' .   »^"      ''     , 

r«ad  thiij'ellow  compound, /KiWatAiiw/ionium  cWortrff,  Pd<^i^  .,»■.•     TIip  vA- 
1 1.  diKcslcd  with  wntiT  and  BiWer  <ixidi>,  yifldB /xi/Zoi/awmi/xiiKM 
.'  >,  wtiii-li  is  n  strong  baso,  soIuIjIu  in  water,  haling  au  alka- 
iiii'  ri-a>'(jnn,  and  abxorbin):  carlainiu  aoid  froui  tlir  nir.     Ihllml- 

oMi.  '.ilr.  NjlljlM.SO,,  i.s  fnnni'il  liy  tbe  aoliou  of  siilpbiiniiin  uiiil 

1  chloridii  ;  it  iTystallizrH  in  orunge-ycllow  uotoliiilrons    Tlio 
./f,  itittid^,  and  brvmidf  liav«t  likr>4  iso  Ih'hu  fornn'<l. 
1,  ■"/4NM!,.l'd(:i,,  pfi/Aw/iWiniMTOimiMiiir/i/oriV/f,  Pd[Nll,(NH,)Cl],, 

iu<|»ntiii>-^  Ir^jni  an  anunouiacal  solutiuu  of  palladainmonium  clUorido  in  ob- 
liqne  rhonibiv  prixms. 

Th<?  nriiir,  N,H„PdO,  obtained  by  doMmipcwing  tho  solution  of  tliis  rlilo- 
ridn  with  silver  oxide,  ig  aUo  a  strong  base  yirlding  crystallizable  salt*. 


Pnltadious  salts  are  woU  niarkp<l  by  Ihf  pale  yc-ll<)wiiih-whiti>  procipitnte 
which  tlipy  forin  with  tioliition  of  uiiTcuric  cyanide.  It  con^iiiitii  of  pnlla- 
dioiu  oyaniilo,  I'dCy,,  and  is  cnnvrrlfd  by  heat  into  the  si>ougy  luetnl. 

Hiftlriodir  arid  and  jiDlamtium  indlde  throw  down  a  black  precipitate  of 
pallatliuiu  i<«lide,  visible  evou  to  Uie  50U,l>00th  degree  of  diluliuu. 


Pallatliura  U  riwdily  alloyed  wilh  otiier  metnln,  as  copper;  one  of  these 
wm»|iouud»— namely,  the  alloy  with  silver — has  been  applied  to  useful 
burjxvH'K.  An  anialgaui  of  palladium  id  novi  extensively  used  by  duntista 
lor  atopplng  teeth. 

A  lutivc  alloy  of  gold  wiUi  palladium  is  found  in  Brazil. 


RHODIUM. 

Atomic  weight,  lut.4.    Symbol,  i:h. 


Tnn  aolatlon  frmi  wliieh  platinum  and  pnlliidium  have  lH-en  separateil, 
In  tlie  iiiauuer  already  dexeriUid,  is  niixe<l  wilh  hydrochbiric  aeid,  iiikI 
rrs{wrato<l  to  dryuexs.  The  residue  is  trenti-<l  with  alcohol,  of  S|>ei.'ilic 
Knarlly  U.H37,  wliich  dissolves  everything  excvpt  the  double  chloride  of 
tliiMliura  and  so<liiim.  Tlii.t  is  well  wa.thi'd  with  xpirit,  drieil,  heated  to 
whlti'nrse,  and  then   boiled  with  water,  whereby  sihIIiiui  ihloride  is  dls- 

•olv  I  '!"!  lullie  rlKxliiuii  reu>»iu».     Thus  obtained,  rhoilium  is  a 

wl'  "Ugy  niiibS,  still   less   fusilile  and   less  capable  of  Ix'ing 

Hel  :  ,  Mim.     Its  speeillc  gravity  varies  from  K.l.U  to  II. 

ktiotJum  in  very  brittle:  rtHluci^l  to  powder  and  healeil  iu  the  nir,  it 
iMWOlts  oxidized,  and  the  sntne  alteration  happens  to  a  greater  extent 
whun  it  is  fuseil  with  nilrati;  nr  bisuljibale  of  putassium.  None  of  the 
■ri<U,  «ini;ly  or  ivrnJoiniHl,  dissidve  this  metal,  unb'tis  it  Iw  in  thir  state  of 
all"  '        inui.  in  u  liii'li  .'•lali' it  i-*  .'iltnrl<i>d  by  nitro-tuurialic  ai'id. 

I;  I  lit  nil,.  i|i|i,ri.li\  i"iii.\UMii;;  Ilhf'l,,  in  wliieh,  like  iron 

>••  ii  may  be  regarded  as  cither  Iri-  or  quoilrivuluut. 

•  .401I.  Ch.  Phurm.  Ixxxvl.  841, 

38»  ^ 
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TlitB  eliloride  ia  prepared  by  iiddiug  Kilioofluoric  acid  to  tlie  doable  ch 
ride  of  Hiodiutn  aud  |iotti»iiiuiii,  evaixirnting  thf  tllU-red  solution  to  (' 
miss,  and  dissolving  iIih  rcsiiliiv  iu  wuIlt.  It  fornix  a  browiii»li-r»l  i 
(junscfnt  luatiii,  soluble  in  water,  with  n  fiiiu  r«d  oulur.  It  ia  deoumiw 
by  liimt  into  t'lilurino  nnd  nietullic  rlKNliiim. 

liJiiiliiim  (inil  IMliiimiam  ( 'Wnrirf.v..— The  snlt,  RhClj.SKCl.SH/^,  formodl 
mixing  a  solution  of  rhotlic  oxid*^  in  hydrochloric  acid  witli  a  t^troii^i 
tion  of  potassium  chloride,  crystallizi-s  in  sparingly  Holublii  t-fllorw 
prisms.  Another  douliU;  salt,  containing  Kh('lj.2K(.'l.ll,0,  is  prepared 
heating  in  a  stream  of  chlorine  a  mixture  of  equal  partji  of  finely  [>owd(> 
tuotalllc  rhiMlium  and  poto-ssium  chloride.  Tho  B&lt  has  a  line  re<i  (xi 
in  soluble  in  water,  and  rrystallizes  in  four-sided  prisms.  liJiotliiia  i 
talium  clitoriile,  IihC'lj.3N8Cl.r2H,0,  is  also  a  very  lieaatiful  red  sail,  JU 
pared  like  the  last.  The  ammonium  tall,  Hh,('l,.tiNll,Cl.:UI,0,  obtAiued 
deoom|Mising  the  sodium  salt  with  sal-ammoniac,  crystallizes  iu  liuu  rb 
bohedral  prisma. 

Rhodlnto    Oxides. — Rltodinm   forma   four  oxides,   containing  Rh 

Eh,U„  KhOj,  aud  HliO,. 

The  mnuoxiilr,  KhO,  is  ft>rmcd  with  incmidescence,  when  the  Iiy<lrsli 
sesquioxide,  Rh,nj..<)ll,0,  is  heated  in  a  plfttiuum  crucible.  It  is  a  Ul 
gray  sulwtance,  perfectly  indilTc^rent  to  acids. 

The  teM/uioriilr,  or  Hhmlir  oxide,  RhjO,,  obtained  by  heating  tho  nit 
is  a  gray  porous  mass,  with  metallic  iridi'scence  ;  insoluble  in  acids, 
ri>duce<l  by  hydrogen.     It  forms  two  hydrates:  Rh,0j.3H,(J or  Kbll,(i,, 
taineil   by  precipitating  a  solution  of  rho<Iium  and  sodium  chloriile  wi^ 
potash  in  preseneo  of  alcohol,  and  Rh,l)j.5H,0  or  RhH,t>.H,ti,  formed  " 
pre<iipitating  the  same  salt  with  <ii]i)e<ius  potash. 

Tho  diuridr,  RliO,,  obtained  by  fusing  i)ulverixed  rhodium  or  the  smql 
oxide  with  nitre  and  jxitfish,  and  digesting  the  fused  mans  with  nitric  j 
to  dissolve  out  the  potash,  is  a  dark  brown  sulistanev,  insoluble  in 
Wheu  chtorino   is  jMussed  into  a  solution  of  rhodic  pentaliydrate,  I 
6U,0,  a  black-brown  gelatinous  precipitate  of  tho  trihydrate,  KhjO,.3l! 
is  formed  at  first ;    but  this  compound  gradually  loses  its  gelatinous  ec 
sistence,  be.-omes  lighter   in  color,  and   is   finally  convert<>d   into  a  ( 
hydrate  of  the  dioxide,  Hiil>,.'.:il/).     The  alkaline  solution  at  the  i 
time  acquires  a  deep  violet- blue  color. 

Trioxiilr,  KhO,. — The  blue  alkaline  solution  aliove  mentioned  deposll 
«fl<"r  a  while,  a  blue  powder,  becximing  green  when  dry,  and  yieldig' 
when  treated  with  nitrio  aci(l,  a  blue  llocculent  sabstauoD,  oousisliiig4 
tho  trioxide,  easily  reduced  to  the  dioxide. 

Rhoiuo  Spiphatk,  Rh,(SO,),. 1211,0,   formed  by  oxidJ«ing  tho  sulplit 
with  nitrio  acid,  is  a  yellowisii-white  crystalline  muKS.     Hitnnnn-rlinftic  i 
liluilr,  UliKjCStt,),,  is  a  riMldiah-yellow  crystalline  jxiwder,  forme«l   by  i 
ing  sulphuric  aold  to  a  solution  of  rluHlium  and  pota.ssium  chloride. 

Ammoniacal   Rbodiam  Compounda. — An  ammimio-cUoridt,  lONI 
CljUu— (AU,;^— CI 


Rh,Cl„  or        I 

CT.ilh— (Nn,), 


.-^1 


,  is  obtained  aa  a  yellow  crystalline  powd 


on  mixing  a  dilute  solution  of  rhodium  and  ammonium  chloride  with  ( 
cess  of  ammonia,  and  leaving  the  filtered  solution  to  evajMirate.     The  ( 
resiMinding  oxide,   lONIIj.Kh/),,  oblnimsl   by   heating  the  cbbiride  wii 
silver  oxide,  is  a  strong  base,  from  which  the  sulphate  aud  oxalate  way  I 
obtajued  in  crystalline  form. 
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»r*,  for  the  most  part,  rosc-colorpd,  and  I'sliibit,  in  solution, 
r»f:u'liona  :  with  hythoiirn  ftif/ifiitlf  and  avtmnitium  sttljiliiilf^  a 
itair  <if  rb(»lic  siilphidc,  insuliililo  in  pxocss  <if  aniiiKinium 
with  Kolutilc  ftjj>hitf»,  a  pule  Vidlow  pnvipitnt*',  uir<irdini;  a 
tic  ivaftiim  ;  with  imtniih,  a  yellow  precipiliit«  of  rliiKlic  oxiil><, 
I  eX04''3(A  ;  M  ith  amtiuimu^  and  with  iilknliiu  r/irlmiintfit^  a  yoUow  pri^- 
tlrr  a  while.     No  prts-ipitatu  with  alkalini!  chloridrs  or  mrrourie 

jCiar  ]>rccipitatc:«  nu'lallic  rhiMliiini. 
»j  «r  hU-cI  with  a  siiiull  ({uautity  uf  rhudium  is  said  to  possi-sg 
'nable  proptrliuit. 


[DAVYUM. 
Atomic  wclgbt,  t.    Symbol,  Da. 

ras  discovered  by  Sorge  Kern  in  Jnne,  1S77,  in  platinifrroiis 

Bed   in  honor  of  Sir  Humphry  Davy.     It  whk  uhtniiu'd  rrum 

liquom  left  afti-r  the  separatiun  of  platinum,  palladium,  im- 

,  iridium  by  heating  them  with  an  exei-sa  of  ammonium  eliUirido 

A  d«'p-re<l  pr<i.ipilat«  was  obt^inetl,  which,  after  caliiuution 

t,  lefl  a  (,'rayiisli  mass  reHembling  platinum  Kponge.    Thiii,  fuit<<d 

rhydrogen  blowpipe,  furnishwi  ('.27  (jramnie  of  the  fuseil  metal. 

[is  siWer-white,  hard,  but  malleabli-  at  a  red   heat  ;    it  i«  remlily 

by  aqua  rvgia,  and  rerv  slightly  by  boiling  Kulphuriu  acid.     Its 

9.3!l. 

but  one  stable  chloride.     A  second   product  containing  more 

leoomixiseii  during  the  evaporation  uf  the  nitnt-muriatic  solution. 

'  soluble  in  water,  alcohol,  and  ether,  but  not  deliquescent.     By 

I  tho  mouoxide  is  formed. 

gives  a  bright  yellow  precipitate  of  hydrate,  readily  attacked 
vrn  by  acetic.  The  hydrate  dissolved  in  nitric  acid  gives  a 
I  nias8,  which,  calciue<l,  leaves  a  black  pnxluct. 
Illnride  forms  with  potassium  cyanide  a  double  cyanide  left  on 
i»u  in  Ix-aiitiful  crystals.  It  forms  double  saltx  with  ]>iitaHsinm 
nninm  chlorides,  which  are  insoluble  in  water,  but  highly  soluble 
Ite  alcohol.  The  double  sivlium  salt  has  n  characteristic  reaction 
nImoHt  insoluble  in  water  and  alcohol.  In  acid  sulutions  of  davyuni, 
Mtcnl  hydrogen  produces  a  precipitate  of  sulphide  readily  attacked 
Bne  *ulphidt^. 

Iliou  of  the  chloride  gives,  with  potassio  sulplioc-yanide,  a  reaction 
(vith  that  of  the  ferric  salts,  a  deep  rwl  color,  and  in  iimcint  rated 
[»  red  precipitate ;    from  hot  solution  hjf  slow  cooling  large  n-d 

nivalent  was  at  first  soppoeed  to  be  near  100,  but  some  prelinii- 
itions  made  by  M.  Alexejcff  have  sIiomu  that  it  is  prubably 
-R.  B.J 


I 


IRIDIUM. 

Atonlo  wctglil,  108.    Symbol,  Ir. 

I  platinttm  is  dissolved  in  nitro-mnriatic  arid,  a  ismnll  qnan- 
sealy,  metallic  «nl«tance  usually  remains  («diind,  Uavvu^ 
■ted  Old  actioa  of  the  acid  :  (his  is  a  native  aWoy  ot  '\r\titwai 


459 


PLATINUM    METALS. 


and  OBiniiim,  calle<l  nxmirUltHm  or  iridonnune;  it  ia  ri^ueed  to  pow^lnr,  i 
with  an  ecjunl  wi-ifjlit  of  dry  Budiuin  uliloride,  and  heated  to  rcdui"!!.  in  t1 
glass  tiiliu,  tliroiigii  which  a  str<>am  uf  moiitt  chlorine  gtt»  is  transniiltni.  I 
The  further  extremity  of  the  tul>e  is  connected  with  a  receiver  contaittinjl 
Bolutiuu  of  auiiuonia.  The  gas,  under  tliese  circumstano's,  U  ru|ii<IW  (1^1 
sorlx'd,  iridium  chloride  and  otimiuiu  chloride  heiug  priKlucM:  the  fornvrl 
remains  in  comhinatiuu  with  the:iodium  chloride  ;  the  latter,  biriug  a  rolk-l 
tile  sulistance,  is  carriinl  forward  into  the  receiver,  where  it  is  dctxnniiMnll 
by  the  water  into  osmic  and  hydrochloric  acids,  which  combine  with  iltti 
alkali.  The  contents  of  the  tu lie  when  ivld  are  treatt^d  with  water,  bn 
which  the  iridium  andsmliuiu  chloride  is  dissolvud  out ;  this  is  mixed  will 
an  excess  of  smliuin  carlMtnalu  and  evajmrated  to  dryness.  The  residue) 
ignited  in  a  cruciljle,  boiled  with  water,  and  driitil ;  it  then  omsislji  of  I 
mixture  of  fi-rric  oxide  and  a  i^mibiuation  of  iridium  oxide  with  sods: 
is  reduced  by  hyilrogen  at  a  high  temperature,  and  treated  succcssivdf 
with  water  and  strong  hydrochloric  hcid,  by  which  the  alkali  and  the  i 
arc  removed,  while  metuUiu  iridium  is  left  in  a  Qnely-djvided  state, 
strong  jiressiire  and  exposure  to  a  white  heat,  a  certain  degree  of  coinp 
ness  may  be  cumriuiuiLated  to  the  metal.* 

Iridium  is  a  white  brittle  metal,  fusible  with  groat  difficulty  before  I 
oxy-hydrogen  blowpipe.     Deville  and  Debray,  by  means  of  their  powerful 
oxy-hydrogeii   blast  furnace,  have   fused   it  completely  into  a  pure  wliiK 
mass,  resembling   p<>lishe<l   steel,  brittle  in  the  c^dd,  somewhat  mallrab' 
at  a  re<l  hi-at,  and  having  a  density  eijual  to  that  of  platinum,  viz.,  'il.lf, 
By  moistening  the    pulverulent   metal  with    a    small    quantity   of  wil< 
pressing  it  tightly,  lir«t   between  Ultering  paper,  then  very  forcibly  iu 
press,  and  calcining  it  at  a  white  heat  in  a  forge  lire,  it  may  t>e  obtalua 
in  the  form  of  a  compact,  very  hard  mass,  capable  of  taking  a  good  ]Kilisll 
but  still  very  porous,  and  of  a  density  not  exceeding  16.0.     After  stMiig 
ignition  it  is  insoluble  in  all  acids,  but  when  riMlnced  by  liydrogen  at  low 
temperatures,  it  oxiiiizcs  slowly  at  a  red  heat,  and  dissolves  in  nitro-niuri- 
atic  acid.    It  is  usually  rendered  s<duble  by  fusing  it  with  nitre  and  caustic 
pota-sh,  or  by  mixing  it  with   common   salt,  or   lictter,  with  a  mixture  of 
the  chlorides  of  |Mlta.s^ium  and  so<lium,  and  igniting  it  in  a  current  of 
chlorine,  as  aliove  descrilted. 

Iridium  forms  three  series  of  Ciimjiounds,  namely,  the    hypoirldioaj 
oompouuils,  in  which   it  is  bivalent,  as  IrCl,,  IrO ;  the   iridious   con 
jKiunds,  in  which    it  is  trivalent  or  quadrivalent,  e.g.,  IrCI,,  or  Ir,<'l, ■ 
Cl,lr — IrCI,;  and  the  iridic  comixiunds,  in  which  it  isalsoqnadrivaleni 
OS  in   IrCl,,  IrtX,  etc.     It  appears  to  b<'   incapable  of  uniting  with  mofl 
than    four  atoms  of  a  niniind  element. f     It  forms  also  a  trioxide,  Irt.l,,  f 
which  it  is  most  probably  sexvalent. 

Cbloiides. — Iridium  appears  to  form  fhrpfl  chlorides,  hnl  only  two  ( 
tlicm — namely,  the  tricltloridu  and  tetra«hlorido^liave  been  obtained 
dutlnite  form. 


•  Osmlrldlam,  howrrer,  rrorrsllr  onntKlns  platinum,  ratbentum.  and  ott 
metftla  of  tlip  Hfimc  group,  wnlrli  xre  not  clfeetuiifly  irpsrntpil  by  Itie  methml  al>o|) 
itesoribeO.  The  coni|tleto  seimrsflon  nf  the  severfil  motnl*  of  ttir  plntlnum  prou 
hntt  of  Inte  ycsrs  foMiuMl  rliesutiject  ofaeversl  elfiborste  InvestlffittiunK,  into  wMtf 
tlic  llmlti  of  this  wortf  will  not  |iermlt  ub  to  enter.  (See  Wntta's  iJlotloonry  < ' 
Utirmlttry,  III  3i;  Iv.  3«i,080:  v.  loi,  I'M  ) 

t  A  hrxclilorlile,  Irl^la,  was  •stil  by  Ueriirllui  to  be  obtalaeil  In  eombtniilli 
witti  potKMilum  clilorlde  by  futlnff  frlUoxmliie  wlTli  nitre,  dUtlMing  ttie  jirodM 
with  nltro-miirlntto  nuiil,  sod  IrrstliiK  Mie  remilue  witli  ■urceftNtve  porllo^ 
of  wntcr;  but,  nccordlni;  to  ('Uum,  the  anlt  IImih  tormed  wis  rPAJIy  a  rutlienia 
eomiioiind,  hnvlng  breo  prep:\re>l  by  Bctzelius  froia  Irldotniluc  coiilalul 
ruilifjiJuiu. 


J 


IRIDIUM. 

"t  known  in  the  seporftto  state,  but  appears  to 
t  in  Mrt  - ,  called  hfftochtoririditf*, 

le  Irie/i'  ■hloridr.^  Irt'lj,  is  projinred  by  stroiiply  lieiitinf; 

jam  «tU>  uiiTK,  m<i<ii>i)(  Hat>-r  and  enougb  nitric  auid  to  snlumtn  the 
warming;  the  mixture,  and  then  ilissolving  the  previpitateil  hydrate 
'  thii  s<«f|ni<ixide  in  hydriHjhloriii  aoid;  it  forius  a  diirk  yi'Uowiah-lirown 
Blica.     Thin  snlmtaucK  combines  with  other  metallic  chloridex,  forming; 
apnund:!  callt^l  iruioiin-rlJurUlr.ii,  or  rliluririililr.i,  wliitli  may  b4>  pri'pared 
'  r»«luj-iDp  the  oirrusfHUHlini;  <.-hlnriri<tiates  with  aulphurons  acid,  hydro- 
'  fm  <ni>'><i'i-    "r    potasHinm  ferr<H:vauide.     C'luuH   han  ubtaini^d   tlie  cum- 
fMB.!-  il,(1.3H,(>,  lr(;i,.3KCl.aU,0,  and  IrLl,.3NaC1.12U,0.   TUey 

Vsaliv  pulverulent  saltD,  soluble  in  water. 

TIm  irirMtidiiriiUy  or  Iridic  diluriilr,  IrCl,,  is  obtained  in  solution  by  dis- 
iwixtg  Tvrr  fintUy  divided  iridium,  or  one  of  it«  oxides,  or  the  triehluridu, 
luriatio  acid,  and  heating  the  liquid  to  the  boiling  ]>oint.  On 
the  solution,  it  remains  in  the  fonn  of  a  black,  di'lii|ue8cent 
translucent  with  dark-re<l  color  at  the  edyt'S  ;  suliilde, 
color,  in  water.  It  uniteji  with  alkaline  rhlurides, 
is  callrtl  iriiliociiloriiies,  or  r/iloririiiialis,  analogous  in  com- 
pMitioD  to  tiie  chloroplatiuales.  The  iimiminium  sail,  lrC'lj.2Nll,('I.II,0,  and 
tba  polaaiam  anil,  IrCI,.2K<.'l,  are  foruied,  as  dark-brown  crystalline  pre- 
oipitAtai,  on  mixing  the  solutions  of  tlie  ivompvueut  chlorides.  The  potas- 
(inm  aalt  may  also  be  prepari-d  by  parsing  chlorine  over  a  gently  ignited 
•ad  Anely  divideil  mixture  of  iridium  with  jHitassium  chloride.  It  is 
nlDble  in  boiling  water,  and  crystallizes  in  black  octohi<drons,  yii'ldiug  a 
rd«r.  The  todium  null,  IrCI^.'iNaCl.tiUgO,  prepared  like  the  potas- 
(urms  easily  soluble  black  tables  and  prisms,  isomurphuus  with 
spi>ndiiig  platinum  salt. 

Iodides. — Iridium  forms  three  iodide*,  Irl,,  Irl,,  and  Irl„  analogous  to 

L  tl.  i   .i,  and  yielding  similar  double  salts  with  the  iudides  of  the 

U  :,.» 

Ozldea. — Iridium  forms  four  oxides,   IrO,  lr,0„  IrO„  and  IrO,.     Tho 

-  '     ■^-  h-r  ■  ■■'■  -I);  oxiile.,  IrO,  is  but  little  known.     It  is  obtaini<d   by 

lie  hypochloririilitc  with  caustic  alkali  in  an  ulnins- 

;    _:  l.< ;  but  on  exposure  to  the  air  it  is  quickly  converted 

Pilo  a  |i1s;her  oxide. 

The  •r*]uinride,  or  Iridimu  oiidt,  lr,0„  was  formerly  regarded  as  the  most 
(lily  formed  and  most  stable  of  the  oxidi-s  of  iridium  ;  hut,  acrtirding  to 
»u»,  it  has  a  great  tendency  to  take  np  oxygen  an<l  pass  to  the  state  of 
iiride.      It  may  l>e  pnpar<>d  by  gently  igniting  a  mixture  of  potassium 
loriridite  (Irt:ijKC'l,j  with  sodium  carNniate  in  an  atmosphere  of  car- 
Hi  dioxide;    on  treating    tho  product    with    water,  the   scsijuioxiile  re- 
lias  in  the  form  of  a  black    powder  insoluble  in  acids.      It  forms  two 
lyrilfjitrs,  Ir,Oj.3ll,0,  and  IrjOj.rill/l.     It  unites  with  biises,  forming  salts 
»hich  may  l)e  ealliol  iriililrji.     A  solution  of  a  cliloriridite  in  excess  of  lime- 
at<-r  d«(H»its,  after  standing  for  some  tiiue  out  of  contact  of  air,  a  dirty 
»lliiw  pr»x-ipitate  containing  SCaO-IrjO,. 

,  The  diaiiJr,  Irulir  ni-idr,  IrO,,  is,  according  to  Clans,  the  most  easily  pre- 
fd  and  most  stable  of  all  the  oxides  of  iridium,  and  is  always  de|iosltcd 
form  of  a  bulky,  indigo-colored  hydrate,  lrO,.21I,0,  whi-n  a  solution 
r<'itlier  of  the  rlitorides  of  iriiliiim  or  their  ilouMe  salts  is  boiled  with  an 
Ikali  1  but  It  always  retains  3  or  4  per  ii-ut.  of  the  alkali.  The  bydrato 
ly  Iw  obtainisd  by  dissolving  the  hyilrnt<<d  susquioxide  in  gKitash  and 


I 


*  Of  fie  r,  Vtttr  iU  ledprrOindungtn  Otl  JrUiuwu.    aottlDgco,'VU'<c 


454 


PtATIMDM    METALS. 


trMting  the  soluUon  with  an  «c!d.     It  tlisgolvra  iu  aoids,  formiog  • 
liotus    which   are   dark-brown   when   oonocntratcd,    ruddisU-yellow  vbO 
dilate. 

T\ie  trioxide,  or  Periridic  ntUle,  IrOj,  in  not  known  in   ll. 
Sii  rtirmi'd  in  coiubinntiiin  wilh  |Hii,tsli,  wh<<n  iriiliuni  i^  fii 
with  nitre.     Tho  rt-sultiug  lilavkisli-;;rfi>n  mass  <li»s<>lve«  m  »  .ii<  i 
a  deep   iudiK<>-<xilorod  Bolution  of  basic  (lolAs.Hium  pt-riridiate,  Ji-aviaj  i 
blaok  LTystalline  [lowder  nunsisting  of  acid  )K'rlridiat«.* 

Iridium,  like  the  other  platinnin  metals,  shows  bat  little  ti^d 
form  ox.vgen  salts.     The  oxidws  disisolve  in  acids,  bat  no  .l-fiiiit.'  si 
obtained  in  tliis  way.     Tbe  solution  of  iridic  nxid«  in  *u' 
a  dark-brown  color,  which  is  not  muditled  by  potash  in  tli.  ii| 

tlialof  the  dichloridc,  neither  doi<s  it  yield  any  blue  preci|iiiit>'  •■n  l«(l 

Tlie  ouly  definite  oxygen-«alts  of  iridium  that  have  be«n  nbtjuool 
double  salts  iHjutaining  sulpliurous  ;iv  i    '■"  •   iiic  acids. 

IIiffMi'iritioto-piUasatr  Siil/AitCj  Irt?*^  -  obtaine^l  OB  a  white  cryt* 

tnlllne  jKiwdcr,  when  the  niollier-lii|<  i"d  in  preparing'  potaMla 

chloriridite  by  passing  sulphurous  uxidu  throagh  a  solution  of  tk*  i ' ' 
ridatc,  is  vraporated  to  a  onuill  bulk. 

Sulphides. — Throe  sulphidM  of  iridium  aro  known,  analn^rma 

first  lliriH!  oxides  ulxn'e  lb         '     !       ""  '   •    '  '    '    '    ir«<l 

tnine<l  as  brown  bliiok  pr' 

ride  and  tetrachloride  n  ;-i>. , ... .  ,,    „,,i,  i,,..>.,^.,,  .^„,,.,.i<..  . 

milpliuU  is  a  grurisb-blnck  hulistunuo  ubtaiuuil  by  ducuw]H«ing  withsr  «( t 

higher  sulphides  iu  a  cluao  vessel. 

Ammoniacal  Compounda  of  Iridium. — ^Thx  rUoridea  of  i'ii''A»umi»* 
«(■««    and    iridosoJiiiminuiiiuiH,    lr(Xllj('l),   and    lr[NII,(NlIj)l"l  1  f 

with  the  corresjKiudin^  sulphntes,  are  prepared   like  the  pbii 
pounds  of  analogous  vom|Kisition,  wliirh  they  also  resemblw  in   iri>ir  i'i<»| 

pertins.     The  mtrnlochluridr.,    ''■<[v|i(  vil' w'm  '■  '"  fof'ned  by  bf.nfin; 'h 
chloride,    lr(NH,('l)„  with  strong  nitric  acid.      /ridiiHliaminnn, 
('l,lr[NII,(NH,)('l]^  is   obtained   as  a   violet   prcclpitaln   by  li 
nitrate  Just  mentiuniul  with  hydroehlorlo  acld.f 

The  c<.ira|Kiund,  10.NII,.lr,(_'l„  analogous  to  thn  rhodium-eomfKiimH 
deseriU'd  (p.  450),  but  having  no  analogue  in  the  \-' 
tained  a«  a  flenb-eidored  orystnlline  powder  by  pror> 
jnonium  nhloriridiate  with  warm  .t<)U>rous  ammonia,      i  o"  loi 
carbonate,  nitrate,  and  Bulpbale  have  also  Iweu  prepared.  J 


Iridic  gohitlons  (containing  the  dioxide  or  letrachlorido)  ar«  nf  a  dark 

bmwn-rcMl  color  ;  irldious  solullons  <•    •  ■  the  sesipi!.     '  ! 

ride)  have  an  ollre-grei>n  eolor.     Th  !->  oi  nn  h 

Iiest  observed  with   so<linm  chlorlriili..^  ,  ....    Llie  other  ii....   ,.  ,.., 
iMdng  but  slightly  iiolnbb'. 

Iri<llc  solutions  give  wilh  nmmnnlam  or  pnlnfium  chlortdn  a  erv^t.illlr 
cipitato  of  aninionium  or  iHil«HMiun>  ehlorlriiliate,  which   ' 
from  the  corresponding  platinum  precipitate  by  ll«  dark 
'  and  further  by  it?  r.'dui'lion  to  nolulde  ehloriridite  whi'ii  li  I 

I  tion  of  hydrogen  sulphide.     This  reaction  sorvcti  for    II 
I  iridium  (rotu  platinum. 

■  Olaua,  Ann.  I'll    Pharni.  tl>.  ;4I). 

t  Skuhltkutf.   AiHi.I'li.  IMiurm.  Uttlo.Tt. 

i  t-'Ja  an ,  AriliOyc  isr  ll^Mlr  itr  riiUMmriaUt.    Dorpat,  MM. 


BUTUEMCM. 
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RTTTHENITJM. 

Atomic  wrighi,  lOiM    Symbol,  Ru. 

Tbin  mi^tat,  digpovnrwl  hy  f'laos  in  184(5,  oconrs  in  platiiinm  nre,  and 
chj.  •'  -  •■■  Mniri'liniii,  of  wliiph  thcrv  are  two  varii'ti<-s — 'iiif  scnly,  oon- 
•i^  :  wlixlly  of  i«iiiiiiin.  iridium,  and  rutlK'iiiiiiii ;  \vliil«>  iheotlior, 

Mil:  ..  _  .iiiiilur,  L'ontaiiiit  liiit  niiT"  tnices  of  ortioiiim  and  rullifiiiiiui, 
IhiI  id  wry  ricli  in  iridium  xiid  rliodiuin.  To  otit-iin  rnllieiiiiim  tn'nly 
oMniriiltuni  in  lit>nt>.Ml  lo  liriKlit  redness  in  a  porrvlitin  lubp,  throii{|;h  wUicli 
SL  rtirrout  of  air  (fmnl  from  carbonir  acid  l>v  paKsing  tlirou^'h  pota»h,  and 
friMn  orjranii-  matter  Ir.v  passing  llirougli  oil  of  vitriol),  is  drawn  li_v  nixans 
of  .'  <i'>r.     Tlie  osniinin  and  riittientum   arc  tht>rt'l>_v  oxidizisl,  the 

Ihr  rarritnl  forward  OS  t<'troxidi<  and  iH)ndensed  in  canstic  ]M>tnsh 

s/>|iiii"ii,  "iiilii  the  rutlieniiim  iixid"  remains  b4diind,  together  with  irl- 
<liniu  ;  and  l>y  fusing  tliis  n.-sidue  witli  iHitassiiim  livdroxi'le,  treating  thn 
iuits3  with  water,  and  leaving  tlie  liigiiid  in  a  itirked  liottle  for  about  two 
hoiiiK  lo  elttrifv,  an  orange-rolored  solution  of  [Hitasslnm  rnllieniatK  is  nl>- 
taiDi:^,  which,  whou  ncutrnliO'd  witli  nitric  acid,  depooitg  velvet-blnck 
rutbiulam  sraquioxide,  and  this,  whuu  wMhol,  dried,  and  ignited  in  hy- 
drn^Mii.  vieldM  til"  metal. 

K  ■        :      i.ared,  forms  pornuB  Inmps  very  much  like  iridium, 

ail  in  pulveriie.     It  is  the  most  refractory  of  oil  metals 

exx'i'i  ."uMuiM.  !■.  ,  ,il,>  anil  Deliray  have,  however,  fused  it  by  placing  it 
in  the  lioii.-st  part  of  the  oTyhy<lrogen  flame.  After  fusion  it  has  a  den- 
sity of  11.4  :  that  of  the  p<iroua  metnl  is  S.ti. 

Rulbvniutu  is  scsrivly  atlaekinl  by  nitromnriatio  acid.  It  is,  however, 
nun*  eiuily  oxidized  th.in  ]ilatinnra,  or  even  than  silver.  When  pure  it 
is  rguiily  oxidixtl  by  fusion  with  ]iotas»ium  hydroxide,  still  more  eoiiily  on 
addition  of  a  small  quantity  of  nitrate  of  chlorate,  priMlueiiig  potassium 
rulheiii.ite,  which  db*solvc»  in  water  with  orange-yellow  color. 

Cb!or!de».  —  Ituthenium   forms   three   ohloridos,    RuCl,,    RuCI,,   and 


4 


tb. 


iii-Aloridr,  Run,,  is  produced,  together  with  the  trichloride,  by  ig- 
pulverizi""!  nithetiium  in  astre.imof  chlorine,  the  trichloride  then 
tiliiing,  while  the  chloride  remains  in  the  form  of  a  black  crystallina 
pDwdrT,  insoluble  in  waler  and  in  all  acids,  even  nitro-muriatic  acid,  and 
only  partially  demmiMwi'd  by  alkalies.  A  soluble  ilichlnride  is  formeil  by 
parsing  aalpliydric  acid  gns  into  a  sniutlon  of  the  trichloride,  a  brown 
»iilpliido  being  then  preeipitatod,  and  the  solution  acqniring  a  lino  blue 
color. 

The  trirhl'TuIr .  or  tlulhrniinui  rhliiride,  Run,,  preparwl  by  precipitating  a 
•nlatinn  of  (mtassic  rutheninte  with  an  aciil,  dissolving  the  precipitated 
black  oxide  In  hydriK'hloric  acid,  and  evaporating,  is  a  yellow-brown, 
crr"tRlli>ie.  very  ileliipiescent  mass,  becoming  dark-green  and  blue  at  cer- 
tai'  -iningly  heati-d.     It  dissolves  easily  in  water  and  in  alc(>- 

li'  .11  quantity  of  a  yellow  insoluble  salt. 

d  solution  of  rutheiiious  chloride,  mixed  with  eoncen- 
tr  the  chlorides  of  jMilasiium  and  ammonium,  vielils  the 

4|.  1,.2KC1   and   Run,.2NII,n.  in  the   form  of  erystalline 

pr  .   violtit  irideseenoa,  vury  slightly  soluble  in  water,  tn- 

f 

nr  /tnlhenir  Mnridr,  RnCI,,  is  known  on\y  \t\  \Va  AoviV\« 
•J  "w  lilt,  Hu(.'l,.2Kn,  fs  prepared  by  inixmg  ik  BoVuWotv  ol 
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rntbuiiic  hydrate  in  hydrochloric  acid  with  potassitim  <'1>lMri>1>'.  .tn.!  < 

rating  to  tlie  orvtilallixiiig  polut.    It  ia  lirawn,  with  t' 

Vfry  8uliil>lc  ill  water,  Imt  iUbuliiM.-  in  slcnlioi.     Tli' 

2iNI1,CI,  la  prepared  lilcc  thu  t>ulai«>ium  salt,  which  it  iocuiUUm  «l«a«iji. 

OaddeB.  — Riithriiinm  Tunas  fivi«  nxitlvs,  ri«.,  Kn''    "  "     '  .  KaCI 

and  KiiO,,  iIk'  fnurtli,  IkiWi'Vit,  boiiij;  kuuvrn  voly  ' 

Till.'  iHimitziiU,  UuU,  olitaim-il   by  vitlcinin^  llu-  <1. 
carliunato  in  »  current  of  <.-iirl«>M  dii>xi<l«,  mhI  yiix>\'.u^ 
watiT,  hsi>  ■  dnrlc-gray  colu^'  Mt>i  uu-tallio  Iu8tn< ; 
»ciA»  ;  lull  is  ri<<luciyl  by  liy<lnij;»ii  at  anlinary  tuiii, 
njrulf,  or  liulhrHiom  nride,  ltu,<),,  in  »  bluisli-bliu-k  i- 
iux  the*  mi-tal    in   thu  air.     The.  c«>rrr!!)ianiluifi;   h.vili.ttc,   liu/ 
RulIjO,,  in  iibt:iiu«d  by  prrriiiitatini:  riithciiiuus  vUlnriilo  with  an  i 
parbunnlc,  as  n   bl  i  '     '    '  '     i      ■        ■ 

color  in  noi.ls. — Tb' 

di-r,  oblainKit   !■•    ■  .;.   .i., ,.  . 

or  KiiH,(1,,  is  latiui'ii*  |irrcipitat(> 

Eiam  t'lili>p>rui  -"liiitn  carlHin.ili-. — Tl:  ■ 

luonly  cuillol  ruiJirnic  ami,  is  known  only  as  a   |H>tnMi<ium  sail,  wlildl  II  ' 
obtaini'd  l>y  ii;nitinK  ruth<-ninin  with  cniistic  imtnsh  and  nitm  :    it  I 
an  ornncc-yoUow  vulutiou. — Tlio  irinxidt,  HaO„  i»  a  vnlntiU)  •-nmium 
analoi^tus  to  <«iuin  letroxid<',  oliliiim"!  by  iK'titinj;  Tuthi>nium  with  (vb 
Anil  nilrc,  in  a  8ilv(<r  onicibli^,  disKolviu);  Iho  fn8r<i   mnsa  iu 
pasfiin)*  chlorine  lhr<>U);li  tho  sulutioM  in  a  tubnlati'*!  retort,  ennn 

d  „, ,,!..., ^.., 1...  „;ii,  n  rcM'oiror  (.■nnt.iiiiini;  j)<>l.n.sh,     x*' •  '  ■•-— tH 

pa~-  ^  in  the  m-ik  of  the  retort  nn>l 

goM  eru.st,  whieb  melts   In'tween  Bo 

hnavicr  than  oil  of  vitriol,  dlssolwq  nli>.'blly  in  water,  r 
chlurio  acid,  fortniiiK  a  solution  easily  dtrou]|Hised  by  ab.' 
•uij,  and  utiivr  retluciug  agents. 

Stilpbtdos. — ITydrogen  Biilphidc,  pnssivi  into  a  soluti'- 
elilorel,'..   <>(  nillienluui,  u»ii/illy   fuims   :i   |ii>'i  i|>it.1te   oi 

niote     -.>!..!..  I..     -..■■!     ..%  ,  ^i.li.I.i.t."     oiiNeil    wilU    free    »^i'>- 

knl'i  ■»    ilark-brown    ~ 

Wli  '   f'lr  n  binu  ttnr 

tritihloritle,  r  <  liiile,    UiiS,,   ia   forined,  as  a   Invwii-yplluir 

luVH'Ipltale,  Ik  '  n  n  by  rjileination. 

Atnmonlaoal  Ruthanlam  Compounds. — TWmwwwio-AvpnnirinMM 


ili*    jtoononin,  uiel    I' 
.   nitrate,   and  (ulpb  > 
ixj'io  with  tUo  oorrMpouillti;;   mlvur  tuit 


Ri'N  "f  rnHieiiliini  itmy  ri'ililr  be  dlsttiisniKhed  fnvn  tti. 


4h1 

on  >.t.iii,,>ii  ,.f  ..  .ir.i,'   ■'   I".,  nf  iriiri,-  ^pid_  yivli|g  n  bulky,  lilnok  pri'olpi- 

•  i  to  the  liqiiiil,  Willi  tlii<  t"''0'I''t''''' 

II  iirueihlt',  tliH  Qxiilo  ilisKii|vi-»,  rorm- 

■  ■■  .         -    i  'I  mil  tt  liioli    liite  It  Uiie  oraii|{r^.vnllnw   mlur  wlivu  conopiitratpd, 

I  lri««ltil  with    liift/rmi-ti    mlf^iiiir,  till    it    iKiconic-s    imarlv    lil»ck, 

.  ite  of  a  Rpl  .   color.     CliaractcriKtir  ri-nvliniiB  ure 

•  1  witli   /xf  .'i(r,  which   dolurs  llii'  liquiil  ilcep- 

r     I       '..mt'iig   to  viiili'i   1.11    iimi-iiig,  Huil  with  lead  acetate,  which  lornu)  a 

(•iiri'l  '-r»i  pn-cipitatf. 


OBBHTTM. 

Atomic  wri^lit,  ItiV.'l     Symbol,  Ot. 

Tmr  fcparatinii  nf  this  lui-tnl  rruiii  iridium,  riithvniiini,  ami  the  other 
laotals  with  which  it  is  ass<M:lAtml  ill  unlive  iKiiuiridiuui,  uiul  in  (tlutiiium 
roalilupii,  iUHH.-n>li  chitfUy  uii  it«  ready  uxidutiuu  with  nilriuur  uitni-iuuriatiu 
Jt(ri4.  or  by  i(;iiitiuii  iu  air  or  oxygen,  aud  the  volatility  of  the  oxide  thus 
pruilucKi). 

To  pr>'(>nru  mftalliu  osmiaui,  the  solution  obtained  by  condensing  the 

Ts]-   -    •■'  ■• '••■'    t«troxido  in    potash  (p.  455)  is   mixed  with    exi-ws  of 

In  1,  and  digosli'd  with    mercury  in  a  woU-dused   t»Jttle  at 

4<>  II  is  then  rinluced   by  the  mercury,  and  an  amulj^nm  ia 

tnrmnii,  wliu-ii,  when  ilistilled  in  a  stream  of  hydrogen  till  all  the  mereury 
tn<l   cninmrl  nr'>  expelled,  leaves  metallic  osmium  in  the  form  of  a  lilauk 
i~).     The  metnl  may  also  be  obtained  by  igniting  ammo- 
;•' with  Hiil-aiiimoniac. 

■  ■(  osmium   vary  ncrordiiig  to  its  mode  of  preparation. 
It  .stute   it  is  black,  di'?«titute  of  metallic  lustre,  which, 
1.  .J  .,  ..i.-s  by  ImriiiKliing  ;  in  the  romptiel  slate,  us  obtuinei.1  by 
s  nii'th'Hl  aiNive  <bi!iirilKsl,  it  exhibits  metallic  liHtre,  and  has  a 
of  lU.      Deville  and  iJeliray,  by  igniting  preeipitnted  UsUlium  sul- 
In  A  crucible  of  gas-<.x)ke,  at  the   melting  heal  of  nickel,  obtained  it 
liuish-black,  easily  divisible  lumps.    Wlien  heattvl  to  the  melting  point 
riindiiim,  it   Iktoiiuw  more  compact,  and  tte<||iirea  a  density  of  21.3  to     I 
21.4.      At  a  still    hiulier  temperature,  capable  of  meltinK  rnllienium  and     I 
i'i  '      '       II,'  platinum,  osmium  likewise  vnlatilizi.-s,  but  still 

it  is  the  most  rpfrartory  of  all  metals, 
dividi.".!  state  is  liiRhly  combustible,  oontinnint;  to 
ill  it  is  all  vnlalilixi-d  as  telroxide.     In  this  state, 
■1    by  nitric  or  nitrn-mnrintiii  acid,  liKinir  e<mverte<l 
"''  ■•     Hut,  after  exposure  to  n  red  heat,  it  Iwcomes  less  conibus- 

•''  'Mt  oxidixed  by  nitric  or  nitro-muriatic  acid.     Dsniiiim  which 

h'  '•>  the  melting;  point  of  rhodium,  dot*  not  give  olf  any     I 

*^>  when  hcAli'd  in  the  air  to  the  melting  point  of  xliic,  but 

lak-'s  ure  u  iiij:iier  t«mi>erature8. 

©•Brf'"""^    '^■'arideB. — Osnilnra    forms    three   chlorides,  an.-t1ogoUB    to 

tbeaX'i  lid  rutlieiiiinii.     When  it  is  be.Ttmi  in  dry  chlorine  gas, 

llivrv  i  I  .1  bliii--lilack  sublimate  of  the  dichloride,  then  a  red     | 

mr  iiloride,     Thu  dirlilnriih,  nr  hif/iK-orminuj)  rhlnriilr,  dia~     I 

»i<  rk  violet  blue  nolor.     It  is  likewise  formetl   by  IhA     | 

hi  •  "ither  of  the  higher  chloridi'S,  \nt,<>  wV\i;\\ , crtk 

lb  /ifertorf  h>- oxidation.    T\ie  addition ot  v^V**- , 
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HJum  chloride  rendeni  it  more  stable,  hy  forminj;  a  doable  Mlt.    Tli* 
Moriile,  U«CI„  hu  nut  b«en    isolated,  but  in   voiitaincd   in    the  boIui 
obtained  b_v  trcntiug  the  sesqiiioxide  with    h^tlroiUilorio    aviil.     It 
double  salts  with  alkaline  chloriilei,.     The  pulassium  tniU,  08l.'l,.3K< 
is  produced,  togellier  with  potassium  chUiroBtuate,  when  a  mixtun 
verite>l  osmium  anil  ]><)tai«sium  chloride  is  ignited  lU  chlorine  gas  ;  il 
dark  red-brown  crystals. 

The  tftrtt(Jituritir,  or  Osmtt:  rJilonile,  OsClj,  ia  the  re<l  QQnijpound  which  « 
BtituteH  the  principal  part  of  the  pnxluct  obtained  by  (gaitiug  osioium 
chlorine  gas.  It  dissolves  with  jellow  color  in  water^sad  almhol,  ami 
decomposed  quickly  in  dilute  solution,  more  slowly  in  pri^micu  of  hyitl 
chloric  acid  or  metallic  chlorides,  yielding  a  black  pr(H.-ipitateof  osiMC 
Mul  a  solution  of  osmium  letnixidu  in  liydriK'hloric  acid. 

Osmic  chloride  unites  with  the  chlorides  of  the  alkaU-tuetals,  furmii 
Mlta  sometimes  called  oBUiiochloride*,  or  ch  lorusm  a  tes,  Kw 
the  solutioufl  of  these  salts,  lii/tlrui/en  ndiihuU  and  imuHimiiim  sulfiliidt  aloir 
precipitate  a  yellow-brown  sulphide,  insoluble  in  alkaline  sulphidi 
lilt'eriiilrate  fonug  an  olive-green;  sUiniiuiu  elitomit,  n  brown  precipllit 
TiiHinc  acid,  on  heating,  produces  a  blue  color,  but  nn  privipilale;  jxti 
tium J'frroci/aniile,  first  a  green,  then  a  blue  cohir  ;  / 
purple-red  color.  JhlaiJi  gives  a  black,  miimonm 
slowly  in  the  cold,  immediately  on  boiling.  Metalln  .i>ii  tum  amouui  y 
mate  throw  down  metallic  osmium. 

OulimH  osmiocJiloriile,  t>st,'l,.2NaL'l,  prepared  by  heating  a  mixture 
osmium  sulphide  and  sixlium  chloride  in  a  current  of  chlorine,  crystallii 
in  orauge-colored  rhombic  prisms,  an  inch  long,  easily  gulublo  in  ww 
and  in  alcohol.  The  polassittiH  and  ammunium  tails,  of  analogous  compMl 
tion,  are  obtaijioil  as  re<l-broun  cryst.Uline  precipitates  on  adding  i 
aiuuioniac  or  potassium  chloride  to  the  solution  of  the  sodium  sail. 

Oxldea.— Osmium  forms  five  oxides  analogous  to  those  of  rnthenhi 
The  monoxide,  OT  htjpo-csmioua oride ,  C>s(),  is  obtained  by  igniting  hypo-<ismi< 
sulphite  in  a  stream  of  carbonic  acid  gas  ;  also,  as  a  blue-black  ~ 
by  heating  the  game  salt  with  strong  potash  solution  in  a  closed' 
itypo-cmniouM  mlpliile,  OsSOj,  orOsO.SO,,  is  a  black-blue  salt,  prodi 
mixing  the  aqueous  solution  of  oflmium  tetroxide  with  sniphurona  ad 
The  x-nqyiniidr,  or  osmimit  nride,  Os.O,,  is  obtainetl  by  heating  either  of  tl 
double  salts  of  the  trichloride  with  sodinm  carbonate  in  a  stream  of  « 
bonic  acid  gns.  It  is  a  black  powder,  insoluble  in  acids.  The  lifdrd 
obtained  by  prfH>ipitation,  has  a  dirty  brown-red  color,  is  soluble  in  acid 
but  does  not  yield  pure  salts.  i 

The  dioxide,  or  Otmic  oridr,  OsO,,  is  obtained  as  a  black  insoluble  poird4 
by  heating  potassium  osmiwhloride  with  sodium  carbonate  in  a  stream  < 
carbonic  acid  gas,  or  in  copp<>r-red  metallic  shining  lumps,  by  heating  II 
corresponding  liydrate.  Osmie  hydratr,  Ost>,. 211,0,  is  obtained  hy  precij 
tating  a  solution  of  imtassium  osmiochloride  with  potash,  at  the  boilil 
heat,  or  in  greater  purity  by  mixing  a  solution  of  potaasic  osuiitf,  K^ 
OsO,,  with  dilute  nitric  aciil. 

The  Irii'xide,  Os()„  is  not  known  in  the  fren  state,  but  combine*  wi 
alkalies,  forming  salts  called  osmites,  which  are  pr'Kluced  by  the  actl 
of  riilncing  agents  on  the  tetroxide  in  presencv  of  alkalies.  The  imttutll 
Mill,  K,0.<>sO,.2ll,0,  la  a  rose-oohired  crystalline  powder. 

The  lelrnxidf,  ih^t^^,  romntonly  calliMl  asniiv  itnd,  is  the  volatile,  atron 
smelling  eomiHiund,  formixl  when  osmium  or  either  of  ita  lower  lOtidf*' 
heated  in  the  air,  or  treated  with  nitric  or  nitro-muriatio  acid.  It  may] 
pri-pured  by  heating  osmium  in  a  current  of  oxygen  gas,  and  amdense*' 
the  oooJ  part  ot  the  apparatus  in  colorless,  transparent  crystals.     It  m«l 
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Wtnw  KMV^,  iiul  boili  >t  >  temperatnre  a  little  above  its  melting  pr>int, 
tij  tai>i)r  liaM  an  intntnralily  piiiigfiit  o<1or,  attacks  the  cvps  ij|r(>u-;ly  and 
|i4iiifull,f,  and  a  (•xo<'»sir«lv  [Hiis<itiriiig.  Osiuiiim  tvtroxide  ie  iliKKolved 
•Umli,  Lut  iu  c<in»i<lfrnb|i«  quiiiitily  bv  water,  fomiiii);  all  acid  solution. 
It  l>  1  ixiwcrful  uxiiiixiDj;  B^fiit,  dMuluriziiig  iiiiligo-siiliitinn,  fcpnraling 
tiilltir.  friiiii  (Hitasiiiuin  iodiile,  c<inviTting  alixiliol  into  alili-h,r<l«  ami  aci-tio 
Md,  vtc.  It  ili:$9i>lv<.'S  iu  alkalies,  fririuirig  _relli>w-r>^l  Koliitioiis,  wliioli  are 
ianloroiu  wUai||M»l<'i  ^ut  wheu  hi<at<-<l,  givu  olf  thu  tvtroxidu  and  free  oxy- 
grn,  leaving  MWidae  of  allcaliue  udmite. 

Snlphldea. — Oiinium  banu  in  aulphnr  vapor.  Five  sulphides  of  os- 
mmni  ..r'-  >.iid  t<j  cxiftt,  analogous  to  the  oxideii,  the  first  four  Ix'ing  pro- 
lix uiptMing  the  oorrtfponding  chlorides  with  hydrogen  sulphide 
*i  -uljdiide  by  parsing  that  gas  into  a  solution  of  the  telroxide. 
The  1.V5I  1.1  d  sulphur  ai'i(l,  perfectly  soluble  iu  water,  wln-rcas  the  others 
tn  sulphur  bases,.jlightly  soluble  iu  water,  Bud  furmiug  deep  yellow 
loluliuuit. 

Aamonlacal  Oamlnm  Compound*. — A  oold  solution  of  potassium 
•Hnite,  mixed  with  sal-aniinoniae,  yields  a  yellow  crystalline  precipitate, 
■aniistiug,  according  to  Clans,  of  hydratetl osmummimium  chloriJr,  ()8(N1I,<'1),. 
An  uiuw>us  Solution  of  the  tetroxide  treated  with  uwniniiia  yields  a  browu- 

Uack  lewder,  oomsisling  of  N,U,OaO„  or  Or:Chi<^|]p>0+  11,0. 

^OniAMic  Acid,  U/)b,N,0,. — ^The  potassium  salt  of  thia   bibaaio  acid, 
i,N,0,,  i<i  produced  by  the  ai-tion  of  aounnnia  on  >  hot  solution  of  oa- 
i  tetroxide  in  excess  of  potat.h  : — 

60sO.  -f-  8XH,  +  6KnO  =  3K,0«,N,0,  +  15H,0  +  N,. 

1  a  yellow  crvstnllino  powder,  and  its  solution,  treated  with 

^dl  yields  a  precipitate  of  silver  cvgniianiate,  Afi^ihtji/ff,  from 

"»hiUj  lUe  aijiieons  acid  may  b<-  prepared  by  decomjiositii.ii  with  hydro- 

41o»1c  acid.     It   is  a  strong  acid.  deconijKwing  not  only  the  carlMniHti-s, 

(■I also  the  elilnriden.  of  potassium  and  sodium.     The  osmiamates  of  the 

Adtiaetals  and  alkaline  earth  inil.ila  are  soluble  in  water?  the  lead, 

f,  and  silver  salts  are  insoluble. 


[An  ntmium  compounds,  when  heated  with  excess  of  nitric  acid,  give  off 
»  unpleeuaiit  o<lor  of  osmium  tetroxide.  By  ignition  in  hydrogen  gas, 
"•rare  reduced  to  metallic  otiniiiim,  wliieli,  as  well  as  the  lower  oxide, 
■Iu  the  same  oilor  when  heate.1  in  ioiit;fct  with  llie  air.  The  reactions 
•fcauiiuw  salts  iu  solution  Uavu  already  bee^i  describod. 


08M1CM. 


ralnre  a.  little  above  its  melting  point 

Ki-ut  odor,  attocICK  tlic  rym  alioii^lv  nnil 

'jxil^iuiniiii.     Osmium   Ictroxiiic  in  <littKolrf<l 

^iiAiiiiiy  liy  water,  tdniiln);  an  aoiil  ^i(llution. 

■lorising  iuiiigo-solutiuM,  (-fimraiing 

ing  aU'obol  into  nlileliydx  ami  acctiu 

tiling  yi-llow-reil  solutions,  wliicli  are 

I  liuat»l,  give  oU'  tliB  tolroxiilo  and  free  oxy- 

"TM  OHiuite. 

[ia  lulphur  vapor.     Five  sulphides  of  os- 
to  the  oxidiw,  the  first  four  lieing  pro- 
ading  chlorides  with  hydrogen  suljdiide 
;  that  gaa  into  a  nolution  of  tlie  tetroxide. 
'soluble  in  water,  whereas  the  others 
tble   in  water,  and    forming  deep   yellow 


apoonds. — A  cold  solution  of  potassium 

0,  yields  a  yellow  crystalline  precipitate, 

\ hyiiratni iisiiuUHmtmium  rldoriile,  C>8(KII,('I),. 

Ude  treated  with  ammonia  yields  a  hrowu- 

IgOsO,,  or  Oi;Os<Jj[{p>0+H,0. 

Tbo  potassium  salt  of  this  hlhasio  acid, 
4ion  of  ammonia  on  a  hot  solutiun  of  oa- 
th :— 

|0  =  SKjOSjNjOj  +  15n,0  -f-  N,. 

Ino  powder,  and  its  solution,  treated  with 

^.jAv  of  silver  osniianiate,  AgjO«.N,0„  from 

Fbe  prepar(«d  hy  deeom]>o»ition  with  hydro- 

M,  deooraposing  not  only  the  carbonates, 

Jiim  and  9f»liniii.     The  osmiamates  of  the 

rlh-metala  are  soluble  in  water ;   the  lead, 

Bsolublc. 
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1  )t«at«v1  with  exeess  of  nitric  acid,  give  off 

tetruxide.     By  ignition  in  hydrogen  gas, 

nlum,  which,  as  well  as  the  lower  oxide, 

ated  in  cnntaet  with  the  air.     The  reaotioDS 

ivo  already  been  described. 


id 


DECOMPOSITIONB    AND    TKAN6P0RMAT(0NS 


A  ranch  grpAter  <1ufp-n«  of  rvgnlurily  iit  ulMrrnxl  In  thi  nlTayitii  of  I 
OxihI  (irpiiiic  matti'rs,  whi<n  llirst-  nrv  previnn  ' 
Etnjni;  .ilkaliue  bn.st.-,  as  jMitiuli  or  limn.      In  m 
of  wliicli  ii  cliiflly  ilepuiiiJi'Ut  upon  tlu'  •."  ' 
&nd  ri-iiiaiua  iu   iininii  with   tho   hiMie,  ' 
Mcii|iiiig  in  »uuii<  rnlatiln  ruriti.     Thu«  I" 
hyilrntv,  at  n  dull  nil  licnt,  yields  ualiium  curUinatc  iini 
fibre  and  caustic  ]iola«h,  hc-nli.'d  tu  a  wry  iti(Hl»rule  Ii'Iu|m 
hydrogen,  and  a  brown,  B»ui(iwli»t  indWlnilv  8ulxta.ncv  t.^il»l  ulm 
with  (I  highi-r  degree  of  heat,  oxalio  aoid  a|iiH-nr«  iu  Ihu  id»c»>  of  thai 
and,  at  tin-  tuuiix-raluru  of  ignition,  carbon  dioxide,  hydnj)^n  U>iB|f'^ 
uthtT  pnxluct. 

2.  Aciiau  uj  Ujriiijtn, — llxygcn,  either  frre  or  in  the  nascent  «t4t«,  I 
which  latter  condition  it  is  luuBt  »otive,  tuojr  act  on  organic  cuiD|)ouoibi 
four  dilTureiit  ways  : — 

a.  By  siwplo  addition,  u 


(•  U,0  -I-  0  =  ('HA 
Alilcliyde.  Amlio  sol 


sold. 


B.  By  simply  removing  hydrngen  : 


CjH,o  +  0  =  H,o  4-  cjt.o 

Alcohol.  Alilrhyde. 

y.   By  removing  hydrogen   and   taking  it*  place,  2  atom,  of  hj 
being  replaced  by  one  of  oxygeji  ;  e.  y. : 


ATconul. 


11,0  +  r.n.o, 

Acetlo  aeld. 


I.  By  rcmovinf!  both  carbon  an<l  hydro;;i'n.     In  this  nmnnar  < 
organic  Uxlii's  cuiilaining  lar^c  nuiiiUirii  of  carlKin   »iid   livdr 
are  n-diicwl  to  olliors  of  kimpli-r  coiiKlitiilion,  and   iiltim-  • 
and  hydrosi-n  arc  wholly  wnvxrtcd   into  cirlxm  diuxid' 
trogpu,  rliliirinc,   bromine,  nml   iiKlino,   if  jiriwiit,  ari>    . 
digcng«;:t<il,  for  the  nioht  part  in  tlie  rnoi  8tati<,  nnd  kuIiW  tig 

Mui»l  organic  HUbstanwis,  CKjicciAJIy  those  containing  i' 
when  exp^wod  (o  the  air,  a  t-low  pnKu-^8  of  oxidation,  by  hIikU  Ut«| 
matter  is  gradually  burnod  and  deKtmyiid  without  seiisibln  ••leva 
teiniH^ruttire  ?    this  process  is  call«*d   /./'  /'  ,  mitritvAit,     rhiaa 

necle<l  with  tliifl  change  are  lliiwe  lalleil  i,  nnd  I'ltlrrj'uctd 

sisling  In  a  new  arr;"'  ■ ■■'  of  the  elei.. ii^  ■••'  '  '■>•-" 

assiiuilntion  of  tli>  '>f  water),  and  tlu'  •< 

new  products,     TIm  -  call<«l  i>uirv/,u-iian,  «  i 

by  un  offensivfl  odor  ;  irrmfiiialinn,  when  no  such  txlor  in  evolved,  ainl  cag 

oially  if  tho  change  nmiilts  iu  the  formation  of  usvful  product*  .   iIimo  ' 

decoui|Mmition  of    a    deail    Ixxly,  or    ol    blood   or    urine,   la    | 

that  of  grapr-jnice  or  malt-wort,   which  yields  alcohol,  in   h 

I'lilrefaclion  nnd  fermentation  are  not  proci  •  ■         '   • 

h-ss,  the   |ireseiice  ol  oxygen    app>'ar»   to   lie 

lueneeiiient ;  but  the  change,  mIico  ■•'■••  l" 

of  any  other  substance  external   i 

water  or  its  elements.     Kveryeasc' 

and  if  the  der^y,  or  It*  i'»u»e,  naiiielv,  iln-  ttl^..jpie,n  <• 

venl'^d,  no  putrefnetion  (K-eMrx,     The  oe^t  fMi(r4*Merilile  su' 

hi:  1    inteiidml    Li    IujI. 
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•MMiflMe  of  cliomistry,  uf  which  the  stady  of  the  oomponndi  CAlIed  or- 

Hiiili  forms  a  part. 

Or^jnii-  i.lu-iiiislry  U  In  fact  the  chemistry  of  farbon-compoundB,  and,  in 

astriritj'  T^rsUfUiatic  arr»ngfiui!nt,  lliettetxjmpoiinds  should  N*  described  in 

(Muii^rliou  with  Ihn  eleiiieMt  carbon  itself.     But  the  cv>in|><>uiidii  into  which 

arl«n  oaU-n  are  -so  uumeroua,  their  constitution  and  Hit-  tranaforuiations 

*huli  thi-y  undiTgo  uudt-r  the  inllui^nec  of  heat  ami  of  cliKuiirnl  reagents 

a...  I,,  .,,111-  iimtanues,  so  cuwplicated,  that  it  is  found  best,  for  the  jiur- 

ictitin,  to  defer  their  eomiideratiun  till  the  other  elements  and 

.'ids  have  been  Btudii-d, 

riiu  iiu(x>r(ant,  in  this  }dace,  to  mark  the  distinction  between  organic 

aponnds  and  orcsuized  bodies.     Organic  bodies,  such  as  marsh 

,  ptbene,  benzene,  alcohol,  sugar,  morphine,  etc.,  are  deflnite  chemical 

Bpoundf,  nianv  of  which,  as  already  olwerved,  may  Iw  formed  by  arti- 

al  luetlimlfl  ;  those  which  are  Sfilid  cjin,  for  the  most  part,  be  crystallized ; 

-wtii.h  are  liquid  exhibit  constant  Niiling  jxjints.    t)rganii<Hl  IxkUcs, 

I  the  contrary,  always  consi:it  of  niixturt-H  of  several  definite  comjmuiids. 

Thry  nerer  crystallize,  bat  exhibit  a  fibrous  or  cellular  structure,   and 

finnot  lie  reduced  to  the  liquid  or  gaseous  state  without  i-omplete  de<>om- 

Lastly,  they  are  organs,  or  parts  of  organs,  which  are  essentially 

of  vitality,  and  there  is  not  the  slightiat  prospect  of  their  ever 

I'lii;;  jiiiKiuced  by  artificial  means. 

The  study  of  the  coni]>ositi(in  and  chemical  relations  of  organined  l>odiea 
btUm^  to  a  sptH-inl  dcjiartment  of  the  science  calle<i  "  I'hysiological  Chem- 
ijlry,"  which  bears  the  same  relation  to  Orgauio  Chemistry  that  Chemical 
(intugy  beats  to  Mineralogy. 


DECOMPOSITIONS  AND  TRANSFORMATIONS  OF  ORGANIC 
COMPOUNDS. 


11.1 


I'in-nnjc  bixtiea   arc,  gctierally  speaking,  distinguished   by  the  facility 

,  h  Ihi-y  decomiKjsc  under  the  intluenw  of  heat  or  of  chemical  re- 

ihe   more  complex   the  body,  Uie    mor«   easily  does   it   undergo 

(lusition  or  transformation. 

1.  ActiaH  of  Hail. — Drgniiio  bodies  of  simple-  oonstitation  and  of  some 

i*ucui«,  but  m>t  capable  of  subliming   unchanged,  like  many  of  the 

ic  acids,  yield,  when  exjxisiil  to  a  high   but  regulated  temperature, 

■rt,  new   wjmpnunds,  perfectly  definite  and   often   crystalliznble, 

rtiike,  t»)  a  certain  extent,  of  the  properties  of  the  original  aub- 

r:irl>i>n  dioxide  and  water  are  often  eliminated  under  these  cir- 

If  the  heat  be  smldcnly  raised  to  redmws,  the  n-gularity  of 

.i|-,.^ition  vanishi<s,  while  the  pro<lucta   Iwcome  more  uncertain 

Uiliuutc  numerous;  carlion  dioxide  ami  watery  vapor  are  succeeds  by 

fstuunixblf  gaHcx,  fw   carlmn  monoxide  and   hydroi^arlions  ;    oily  matter 

.ISC  in  qunntity  until  the  close  of  the  <ipeni- 

:  to  I'^mtitin,  in  most  cases,  a  residue  of  ohar- 

lie  substance  contains  nitrogen,  and  it  is  not  of  »  kind  cnpa- 

i   licw   and   jiermanent  form  at  a  mtnlcrate  degree  of  heat, 

1  is  in  mfist  instances  partly  di«<>ngaged  in  the  shape  of 

i    '  ,    -lances  analogous  to  it,  jiartly  left  in  combination  with 

"ii.uvous  matter  in  the  distillatory  vessel.     The  prodacts  of  dry 

"^u  thiu  become  still  more  complicated. 
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This  Bctlnn  ulccs  place  most  rcudiljir  will)  the  strongest  nitrii;  >a>d  (pa 
liyiiitij^iMi  nilralK).  T(m>  )imdiii:ts  (■;uU«<l  ui  tro-rnmpouads)  kivihi^ 
Ciisily  r<>tiiliiistilil<:.  kii<l  iti  tiiiiiiy  coiitti  liiiclily  cxiilcMiVK. 

5.  Ai'linn  of  Alhtlirs.—TUf  liydroxicli-*  of  putosiiiuin  mul  Mulinra  »<^  ' 
orgniiii'  iKxliiai  in  n  jjivjil  viitinty  of  ways,  lUe  most  imjiortAOl  aliil  gvurrjl 
of  which  nri'  lh>f  following: — 

a.  )<y  dircMit  combiniitiuii  : — 


CO 

Citrboii 

inoaoxiile. 

C..H„0 
Cauipbor. 


+ 


TIKO 

rr)tii»sium 
liyilro3ii(lc. 

+       !!K0 
Potjisftum 
hydroxlUe. 


CFIKO, 

PolAa«luai 

furin«te 

C,„1I„K(), 

PolKsslum 

enmphoUtCi 


B.  Br  donblo  decomposition  witli  scids,  water  being  (eliminated,  au<l  i 
salt  produced : 


C,H,0,  4-  HKO 
Aeetle  *eid. 


H,0  +  r,n,Ko, 

PotMHIilllUl 

HcetAte. 


y.  Oxidation,  with  elimination  of  hydrogen  : 


UKO 


*  Alcoliul. 


C,II,KO,  4-  2U, 

PufftPBlUUi 
ACCtntc. 


rholn  af  tilt ' 


t.  From  chlorinated  oomponnda  they  remor«  a  part  or  th«  \ 
oUloriue : 

C,H,CT,  +  HKO  =  C,H,C1  +  KCl  -|-  U^ 
ElhriiB  Clilor- 

olilorUo.  etheue. 

<•  Il„ri  +  HKO  =  Cjll,,  +  Ktn  +  H,0 

Ainyl  Atuylvav. 

oliloriilc 

t.  Amidos  (p.  318)  are  drromposipd  by  thorn  in  anoli  a  mannnr  that  th* 
I  irholo  of  til"  nitrogen  Is  (riven  oif  as  ammonia,  and  a  potaaainm  oraodiiim 
[  salt  of  lliu  corrL<tt|H>ndlng  acid  is  |>iihIucuJ  : 


Nn,.(',11,0  +  UKO  =  Nil,  +  r,H,O.OK 
AccmmlJc  Pot«iwluru 

*cel4l«. 


M 


Many  other  oiotlxcd  organie  oomponuilit,  when  hi<atcd  with   alkallna 
fliydroxidiM,  likuwUe  give  up  the  whole  of  lltelr  hydrogen   In   the  form     ~ 
I  ammonia. 

G.  Aetiim  of  Roiiacinri  Arirttti. — This  '       '  •     '     ' 

In  tliii  iiivcrnf  of  lliiit  of  oxygi'n,  cli  ■ 
Itia5i.-eiit  hydro;;''!!,  ..Iii  m„,i|  in-  dn  a. 
\\sy  tlint  of  lino  «i!  tii  -  or  iiilcnb 

[itiiiniiiin  Kulpliiili',  i-in  u'iil,  .iml  m  ^n^ 

|lt(Kliiin> — all  of  wliicU  eiHii-r  giro  up  hfdruguu,  or  almlract  vxygtm,  i 
I  rini',  etc. 

Kmliirin^  a4;en1«  >i!.iy  art  In  lh«  fdllowini:  ways  ; — 

a.   by  adding  hydro^-eu  to  an  urgnnic  Ixvly  : — 


c,H,n 

oxttle. 


+    UH    — 


c,nj) 

AlcoboL 
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Btatlon  •mi  putrt^factitm  are  always  aaxinipiuiiixl  by  (lie  di-volop-. 

t  of  c><rlain  Uvtii;'  nrnjHiiisuis  iif  thu  funcuus  clann  ;    but  wlii'tber  tlie 

irlh  of  Uinse  is  a  c*uitf  wr  a  I'oust'qufiiof  of  Uh-  I'lieiiiical  iliutigtf  is  a 

:  Dut  vi-t  decided.     Vf»  iliall  r«turu  to  tliia  subjoot  in  gpeokiui;  of  the 

xnuiiiiii  of  tagax. 

./■  Chlnrinr,  Brominr,  mnl  Inline. — Thlorine  and  bromine  exert 
liar  lu'tions  on  orgnnio  l>o<lii'!< ;    tliat  of  cliluriiie  is  the  more 
-<  11.  .M   iliu  two.     Tbti  rciuaioiis  (xiiisint : 
lu  •inipli'  ailditiuu  of  cbbiriuu  or  bromine  to  the  organic  molecule ; 

C.H.O.  +  Br,  =  C.n.Br,0. 
t  umiirlo  DlbromoBucoloio 

•elii.  acid. 

t.  tu  removal  of  hydrogen  without  sulistittition  : 

C,U,0  4-  CI,  =  lilin  +  (VI/'* 
AJcohol.  Aldehyde. 

In  duldtitation  of  chlorine  or  bromine  for  hydrogen  : 

C,H,0,  +  CI,  =  Ilfl  4-  C.HjClO, 
Aoclio  Cbloraoeue 

aeliL  *oid. 


CjH.O,  -f-  3C1, 
Acetio 

Mill. 


3Ha  +  CjHajO, 

Trrehlornoetlo 


inbatltntlon-prodnctji  thnx  formed  undergo  transformations  closely 

I  to  tbi.oie  of  tlie  original  i'<iui|H>uiids,  iimler  the-  inllueiiri-  nf  ximi- 

'-  ;    but  they  are  aiwuyH  luoro  acid,  or  less  basylous,  iii  proportion 

ity  of  ehlorino  or  bromine  subHtitut<-d  for  hydrogen.     Thus 

_    ,N,  which  is  a  strong  base,  may  be  winverted,  by  proeessi-s  to 

tiicraaftTT  di'Dcribed,  into  the  chlorinated  coinijounds,  C,H,CIN,  C,tljCI^, 

('i,H,CI,N,  the  llrst   and  sve<jnd  of  which   are  less  basic  than  aniline 

IbU,  while  the  third  d(H-*  nut  show  any  tendency  to  form  salts  with  acids, 

ilL    In  presenca*  of  water  they  remove  the  hydrogen  of  that  liquid,  and 

friNi  the  oxygen :    hence,  chluriue-water    and    bromine-water   act   as 

rerful  oxiditing  agents. 

'  hdiKf  may  ah-^o  act  in  this  m.inner  as  an  oxidizing  agent  ;  and  it  sonie- 

1  attiulii-s  itself  directly  to  organic  molecules  ;  hut  it  never  acts  directly 

f  substitution,     hhlino  sulMtitution-products  may,  however,  be  obtaintnl 

■MOMCB  by  treating  organic  IsHlies  with  <'hU>ri(le  of  iodine,  the  uiilorine 

>W  iwiiniliiii.  hydrogen,  and  the  iodine  taking  its  place. 

i-    li-'ion  of  Sitric  Acid. — This  ac-id  acta  very  powerfully  ou  organic  sub- 

The  action  may  lie  of  three  kinds: 
•.   Lui(M:t  combinati<Mi,  as  with  organic  bases  ;  e.g.: 


(■,H,.\    -f 

r.tliylAmlae. 


Nltrio 
acid. 


r,H,N.No.,n 

£lhyUinlno 
nitrate. 


Oxiilnlion.     This  mo<le  of  action  is  most  frequently  observed  with  the 
nxHrhst  (ltlut<-d  acid. 
Substitution  of  uitryl  (NO,)  for  hydrogen  ;  f.g.: 

H,0 


Nf>,(On)     = 
Nilrlc  scid. 

SN'0,((»II)      = 
Nitric  iicid. 


3U,0 


4-    C.Il.fNO.) 
Nllrubcnicoe. 

+   r,n,(NO),o, 

Trlnllrocpllulnse 

(giiu-cotlan). 


466 


THE    BLKMENTAKT    Oa    ULTIUATK 


onnipluxity  of  slraotarc,  in   (k»i!iw)ii>'|io<>  nf  tli«  •ociimulaUlM  of  t  lia|i , 
uuiiiU<r  iif  carbon  atums  in  tli' 

OrlrrmimitinH  nf  Cail/vK  ami  i  '|uantitjra  of  Uir^  *I< 

ar»  ili!ternilMfiJ   by  livatfug  a  kiMi"  n  »  ■  i^ ; 1,1..     1        - -'rmJI 

contact  with  sumu   L'Msily  rt^iuuibltf  motulUc 

buinj$   the  siibstanno   generally  uacil.     Th«  m^      :  _ _.ia 

ooinpli<l«  oombciKtion  at  tbc  cxpcusu  of  tbo  uxyiRcn  of  the  eopp 
thi<    carlxm    Iwlug  iH>nvert«d  into  carlioii  iliuxi>l«,  and  tb>-   tiylro 
wiit<<r.     Tliesv    pruUucU  &ri-  culleclcxl  luid  their  vrviglil- 
from  thu  dn(a  thua  oblaini'd  tbu  (|uautiti(<8  of  i-urbon  .> 
8iiut  in  thu  ori;unio   Biibstaniv  are  calculated.     When  n 
and  liyilrojjeti,  or  those  Ixxlii*  togellii-r  with  oxygen,  io  1 
rimcnt  «uffio<!!< :    the   curlMiu  and  hydrogcu  are  dxtcnuiii"-   > 
tho  oiygfn  by  iliiri>rnne<i. 

Thu  tiubstanoe  to  bo   analyxrd,  if  solid,  ina»t  Iw  carufully   Crt«d 
mnixturo.     If  it  will  boar  lliu  application  of  a  modeTatt'  heat,  ihu 
cation   Is   very  nasily  accomplished   by  a  watur-  or  stvani-balli :   In  1 
oaHus,  isxpnguro  at  common  tumpuraturm  t<>  the  aloorlicnt  (H>wi!r!t  off 
surface  of  oil  of  vitriol  in  the  vacuum  of  an  nir-pump  muKt  )■<•  <ttl<  ' 

Thu  coppur  oxi>lu  is  bi^sl  made  from  the  nitrate  by  vii 
an  narthen  crnciblQ ;  it  is  rednciMt  to  |iowder  and  reheul' 

I  expel   hygrosropin  moisture,  which  it  nlwrlis  with  n\ 
.     Thu  combustion  is   iM-rforiuiwl  in  a  lulu?  of  ImpI 
havin);  a  diameter  of  0.4  or  0.5  inch,  and  varviii  j 
to  18  Inches  :   this  kind  of  glafis  iH'ars  a  m<KWratu  not  ! 
soft  i<iiouKb  to  lose  iui  «h«p<<.     One  hiuI  of  thu  liil>e  .-  _ 

.  ■bowu  in  flg.  lUl),  and  olosod  ;  Uie  other  ia  simply  hualvd  lu  ia»»  I 

Flir.  100. 
Copper  oxide.        Mixture.      Copper  oxide. 


I  Boft«n  the  sharp  ixlgos  of  the  gloM.    To  prerent  slieorption  of  mnUtor* 
by  tho  wjpiK-r  oxide  durinR  the  (Uling  of  the  tuU",  tbi>  •'■  ■  '      ■■ »    '         " 
hot,  i>i  (Hiured  into  a  long-neek>Ml  iluNk  clo!<ed  by  a  cork  : 
cool,  and  aft<.<rward><  inixixl  with  the  orgarili'  subntancc  in 
I  tnbu  itself.      A  small  quantity  of  the  cooled  oxide  ib  llrHt  luii 
I  th«  tube,  then  a  ]Hirtii>n  of  thu  organic  snlmtanoT  is  a>lded.  >v.  ■ 
In  column  of  oxidu    aUiut  .1  inchi'S   long  in   |>uured  In  the    - 
I  liefori).     This  portion  of  oxido  is  mixnl  with  the  onrnnic  ' 
I  ring   it  with  a  clean   iron    rod,  the    iixtremlti 
[  turn?)  of  a  screw  ;  uud  when  It  is  thoroughly  i- 
SubilAnco  is  introduced,  then  another  iiilnmn  ..i  ...m.i.'    .1    in-  •■•in^ 
as   before,  ami   tlie  stirring   is  ropuatod.     Lastly,  the  rmt  of  the 
niled  with  jiiire  oxide. 

Tli«  tube  is  then  re.>uly  to  b<'  placed  in  the  furnaof*  >  r 
when  charcoal  U  the  fueromploy.-tl,  1*  constni.  t.  d  ..f  il,; 
is  furnlsliral  with  a  serins  of  unpixirts  of  > 

VunI  llexnrn  of  the  <VMnl»oution.tilti*»  wbeti 

I  pi,,     :,,•■■ 
til.  . 

I    AN"    1.-  I  •  <-II     I'  •!»  ,»l  P  I  ■•     i  lie    tT.x  I  I  •■int  I  t       in  III  |IM   M      '  n      t  MM     III'  ■  II  I  II     ii(      1  ||«-    I 

^OD'tuhe,  wiiicii  j»aHs<««  tUruugli  a  halo  prorid«d  fm  tliul  porpoM^ 


UF    OUUANIC    COMPULNDS. 


4C5 


I.  B/  reniiiTing  oxygen,  ohlnrine,  bromine,  or   iodine,  witlioat   intro- 
iwmg  aovtliiug  iu  iu  {ilace :  tliiu> : — 


Bciiioio 

AClO. 


4-      III!     =     Il/I     + 


■  r.ii.o 


f.  By  iubstitutiii{{  hydrogen  for  oxygen,  chlorine,  etc.     Tliig  prooess  is 
mU«d  inoTSE  mbtiiiulum.     It  may  takt;  place  uitliur  iu  equivalent  quanti- 

c,nj(i.oii  -I-  2nH  =  up  4-  r,n,.nH ; 

Booiulo  Uviiiyllo 

Aclil.  aloubol. 

wit  mar  tiappen  that  the  quantity  of  hydrogen  introduced  is  only  half 
Uil  »liioh  U  •.•quiTalent  U>  the  uxygen  removed.  This  mode  of  Hulwlitu- 
talcn!  place  with  nitro-ei>ni|M)iind9,  which  are  thereby  reduced  to 
lers  ivDLainin);  amidogeu  (Nil,)  in  place  of  uitryl  (NO,);  thus; — 

r,H.(NO,)  +  30,  =  2H.0  +  r.H,(NH,) 
NttrobcDxrue,  Amtdnbenxeoe 

(ROllior). 

1  lufe  noraber  of  organic  bases  are  formed  in  this  manner  from  nitro- 

7.  A^iinK  nf  rtrh>iihn»iinii  AgmU.Sitnaf  aulphnric  arid,  aniphnrio  oxi<le, 

1-  i.ide,  and  xinc  chloride,  remove  oxygen  and  hydrogen  from 

-   in  the  fiirm  of  water,  the  elementu  of  which   lire  derivwl, 

x.o'i.iiM-  it'iui  a  single  molecule  of  the  organic  body,  Aouietimefi  from  two 

Biiklrcules  ;-^ 

c,ii,n  _  11,0  =  r,H, 

Alcohol.  Etbcoe, 

2f,ii.o  —  n,o  =  r  n.oO 

Alcohol.  Kiticr. 

nponniTB  which,  like  ftugiir,  starch,  and  woody  fibre,  oonaist  of  carbon 

1  with   hydrogen   and  oxygen  in  the  pro|>orlious  to  form  water,  are 

I  rnlui'i-d  liy  the.4e  dehydrating  agentu  to  black  subiitauc<eH  c-oiisUting 

liiily  of  carl>on. 

Ilirr  reactions  of  less  generality  than  those  alxive  described  will  be  auf- 

stly  illaatrated  by  special  cases  in  the  nequel. 


Tire  1JLKMHNTARY  OR  ni,TIM.\TE  ANALYSIS  OF  ORGANIC 
CO.MPOL'NDS. 

•Vitanic  o<^imi>rMind.'«  contain,  for  the  most  part,  only  a  small  number  of 
►leioeiiU).  Many  uonsisl  only  of  carliun  and  hydrogen.  A  very  large 
mimlier,  including  most  of  those  which  otTiir  reaily-fonued  in  the  IxhIii-s 
"'  I'luuts  and  anininis,  consist  of  carlxm,  hydrogen  and  oxygen  ;  others 
""iHisI  of  carlnin,  hydrogen,  and  nitrogen.  Oth'^rs,  again,  including  moat 
"( llm  proximate  principles  of  the  animal  org.tnism,  consist  of  four  ele- 
i»"Tts,  carlion,  hydrogen,  oxygen,  and  nitrogen.  Some  oontnin  sulphur, 
phoipliorus,  ciilorine.  and  metallic  elements  ;  in  fact,  artifn-inlly  i>repnred 

Kl»n  compounds  m.iy  t»>ntain  any  elements  wh.itever.     Moreover,  even 
•e  which  contain  only  a  small  number  of  elements  often  ezhihit  great 
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rnthenia  liyilmto  in  hydrochloric  acid  with  potasiiam  chloride,  And  «r^ 
rating  to  tli«  crratalliziu);  ])<iiiit.  It  la  brown,  with  rost'-c<>lor«'il  jri>ies<wa 
Vi-ry  Noliiltli?  ill  Wiid'r,  Imt  iiisioluljlv  iu  alcohol.  Thi<  anuiumiiim  tall,  KuC 
2i\'H,Cl,  is  prepared  like  tbti  potassium  sail,  which  it  retteuible*  doavljrJ 

Ozides. — Rathi-ninm  forma  flvp  oxidos,  viz.,  KnO,  Rn,0,,  RuOj,  Ra 
aii'l  ItuO,,  llii!  fourth,  howcvor,  bviug  kuowu  ouly  in  fouiliinaliuu. 

'I'lio  mnii'ixiile,  liiiO,  olitiiinixl  \>y  ciilcininK  thu  ilivjiloridu  willi 
carbonal*!  in  »  ourrout  of  earlK>n  dio.xlilc,  a«d  washing  the  rc-sidue  ' 
wnl«r,  Una  a  <lark-|;ray  color  and  nii-lallio  luHtrc  ;  iit  not  acted  upon  I 
acids  ;  but  is  ri.Mluoo*!  by  liydrojjfin  at  ordinary  tcMipcraturcH. — Tlic  i 
oxide,  or  liallvuiiiat  uxitir,  KUjl),,  in  a  bluisli-lilack  imwd«r,  foruK-d  by  ha 
ing  Iho  mutul  in  tho  air.  Tlio  oorrosjwnding  liydratc,  Uu,li,.3ll/J,  «»~ 
llull,0„  in  obtained  by  prnipitating  rutliriiious  chloride  with  an  alkalino 
oarbonaUt,  as  a  blarki!<h-brown  aul«tiuico  which  diasolvca  with  yt'llnir 
OOlor  in  acida. — Tin-  ilinxidt,  or  JlulJuiiic  oxide,  KiiO,,  is  a  black-blue  }k>«- 
der,  ol>taincd  by  ruaating  the  disulphidu.  Hiulusnic  Hi/dralr,  KuO,Jill,0 
or  ltuil,0,,  is  (d>taiued  aa  a  gelatinous  )irecipitate  by  decomposing  (xitu- 
■iau)  cUlororutlieniate  with  sodium  carbonate. — The  trioxide,  Uu(>„  com- 
monly c.'iliul  ruOiriiic  acid,  is  known  only  as  a  potassium  salt,  which  ii 
olitaiuud  by  igniting  ruthenium  with  caustio  potaah  and  nitre:  it  funna 
an  ornnge-ycllow  solution. — The  Iclroxide,  RuO,,  is  a  volatile  com|ioun<l, 
analogous  to  osmio  telroxide,  obtaine*!  by  heating  rntheniura  with  {iola.«h 
and  nitre,  in  a  silver  crucible,  dissolving  the  fuse<l   ma.ss  in   «,ii  ' 

passing  chlorine  through  the  solution  in  a  tubulnti'd  retort,  conn, 
a  ramdensing  tul>e  with  a  receiver  containing  [xit-ish.  The  tetroii.. 
passes  over  and  eondenaoa  in  the  net^k  of  the  retort  an<l  in  tlie  lube,  Ma 
golden-yellow  crystailinu  crust,  which  melLs  liet«'een  5ilO  and  lillO.  It  l» 
heavier  Ihnu  oil  of  vitriol,  dissolves  slightly  in  wat<-r,  readily  in  hydm- 
chloria  acid,  forming  a  solution  easily  dccomiKised  by  alcohol,  siil|diurou> 
acid,  and  other  reducing  agents. 


Sulphides. — ITydrogen  sulphido,  passed  into  a  solntlon  of  either  off 
elilori'lr:^  itl'  ruthenium,  usually  forms  a  j>reeipitate  c<msisting  of  ruthe- 
nium sulphide   and   oxysulphide  mixed   with   free  surphur.      The 
aolution  of   tho    dichloride   yields    a   dark-brown    seftqnisulphide.    Kg 
When  hydrogen  sulphide  is  passed  for  a  long  tuno  into  a  solution  <if 
trichloride,    rnlhenium   disulphide,   RuS,,   is  formed,  as  a  brown-ya 
precipitate,  becoming  dark-brown  by  calcination. 


J 

ilhe- 


Ammonlacal  Rutbeninm  Compounds. —  Trimtamonin~hyponuieirim0 
ClUoiiiU,  4.Vll,.Ru(■l,.:^l^,l^  i.r  Uu[iMl,(.Nli,;CI],.311,iJ,  is  fornicl  by  boil- 
ing thu  milutioii  of  uminouium  clituroriitheniate  (Ru(.'l,.2NH,t'l)  with  am- 
monia. It  fiiruis  golden-yellow  oMuiiie  rhombic  crystals,  very  solulde, 
water,  insoluble  in  alcohol.  Treated  with  silver  oxide,  it  yieliis  the  4 
rtjii)M>uding  oxide,  4NH,RuO.  which,  however,  is  decomposed  by  evap 
tion  of  itn  solution,  giving  off  half  its  anmionia,  and  leaving  the  eom- 
poand,  2NH,.RuU.  The  carl>onat«,  nitrate,  and  sulphate,  obtained  by 
treating  this  last-meutiouod  oxidu  with  the  corresponding  ailvcr  saila, 
form  yellow  crystals. 


The  compounds  of  ruthenium  may  readily  be  distinguished  from 
of  the  other  platinum-metals,  by  fusing  a  few  niilligraius  of  the  aubstl 
in  a  platinum  .'<p<Hin,  with  a  Large  exe<-ss  of  nitre,  leaving  it  to  <n>»1  ' 
it  M-ases  to  froth,  and  dissidving  the  cooled  ma.ss  in  a  little  distilbvl  watST 
Aa  iiruugc-yflUivi  solution  of  potassium  rutheniato  is  thus  formed,  which 


i 
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•■  Addition  of  a  drop  or  two  of  nitric  acid,  >-ieIds  a  bulky,  black  prt'ci'iii- 
tate:  and  on  adding  hydrwiiloric  acid  to  the  liquid,  with  tbi*  i>n<oi|iltute 
itlU  lu  it,  aitd  bHsting  it  in  a  iiorcRlain  urucibl<-,  the  oxide  ditisulvt-jt,  lurni- 
lac  a  *<duti>m  wliicli  lias  a  Bue  oraii^'H.yellow  color  when  conccnlralt-d, 
104  wh'ii  trxited  with  hylnuirn  ml/Jiidr,  till  it  Iwcomt*  nearly  hliu:k, 
?ii  I  ;  :  ;t.-  of  a  splendid  sky-blue  color.     Characteristic  reaitinns  are 

4l-  i   «itli   /KJlatjiium  »«//</ioryiin«(e,  which   oolors  the  liquid  deep- 

T~i         I  i^i>i«    to  violet  ou  heating,  and  with  lead  acetate,  which  ionus  a 
|.,!i.!-   r.-.l  precipit«t49. 


\ 
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Atomic  weight,  l»g.iS     Symbol,  Os. 


|,feparation  of  thin  loetnl   from   iridium,  rutheniam,  and  the  other 

ith  whioU  it  in  a«(i»eiated  in  uativu  osmiridiuiu,  and  in  plutiiiuin 

fHUa<^,dc|>eiid!i  chiefly  on  ittt  ready  uxidatiuu  with  nitric  ur  nitni-iuuriativ 
iciil,  ur  hr  ignition  in  uir  ur  oxygeu,  and  the  volatility  of  the  oxide  thus 
I.' 

|iarn  metallic  osmium,  the  solution  obtained  by  condensing  the 
..,..,  ..;  Dftmium  telroxide  iu  potash  (p.  433)  in  mixu<l  with  excess  of 
hydro -hloric  acid,  and  digeiit<-<i  with  mercury  in  a  well-clueed  bottle  at 
¥>',  Tba  osmium  ia  then  reduced  by  the  mercury,  and  an  amalgam  is 
ioruuxl,  which,  when  distilled  in  a  Btreaui  of  hydrogen  till  all  the  mercury 
u»t  cjiliimel  are  expelleii,  leaves  metallic  oemium  in  the  form  of  a  black 
pinrdcr  (Berieiios).  The  metal  may  ab>o  be  ubtaiuud  by  iguitiut;  amiuo- 
nittin  chloru-oiimite  with  giil-ammoiiiac. 

Tile  properties  of  oAiuium   vary  according  to  its  mode  o{  preparation. 

hi  the   pulveruJKMl  state  it  is  black,  destitute  of  metulUc  lustre,  which, 

Luu,.v..r,  it  acquires  by  burnishiug  ',  in  the  compact  state,  as  obtained  by 

•  i  melhud  almve  duscrilwd,  it  exhibits  metallic  lustre,  and  ha«  a 

■r  10.     Uevillo  and  Uebray,  by  ignitiut;  precipitale<l  osmium  sul- 

i  crucible  of  gas-coke,  at  the  melting  lient  of  nickel,  obtaiiiix)  it 

i-black,  ea<iily  divisible  lumps.    When  heated  to  the  melting  point 

I  riiMiuiii,  it   l>eeomea  more  compact,  and   acqpireH  a  density  of  21. H  to 

•li.    At  a  slill   higher  lemiM-raturo,  capable  of  melting  ruthenium  and 

"icliuiu,  and  volatiliiing  platiuum,  osmium  likewise  volatilizes,  but  still 

''■la  not  melt .  in  fact,  it  is  the  most  refractory  of  all  metals. 

ii.mi.ui,  :i,  tlie  finely  divide<l  state  is  highly  combustible,  continuing  to 

•  on  fire,  till  it  is  all  volatiliziHlas  tetroxide.     In  this  slate, 

lyoxidiieii    by  nitric  or  nitro-muriatic  acid,  being  converted 

'ulu  l«ijt,xijK.     But,  after  pxpiisure  to  a  red  heat,  it  liecomew  less  oombus- 

IiWk,  ami  ia  not  oxidized  by  nitric  or  nitro-muriatic  acid.     Osmium  which 

*»  bwm   beatol  to  the  melting  point  of  rhodium,  doe«  not  give  off  any 

**P<fof  tetnixide  when  heated  in  the  air  to  the  melting  point  of  xiiic,  but 

••at  ItD  at  higher  tempt;raturea. 

0«relnni    Chlorides. — 0»minm   forms   three   chlorides,  onidogous   to 
iridium  and   rtitlieiiium.     When  it  is  heatttd  in  dry  chlorine  ga.<i, 
•  lomieil,  first  a  blue-Mack  sublimate  of  the  dichloride,  then  a  re<l 
MMtmato  of  th«"  t4itr«chloriiie.     The  dirUoririe,  or  ki/po-onnimu  rhlnrulr,  dis- 
•^v«  In  water  with  dark  violet  blue  color.     It  is  likewise  formed  by  the 
'   Dolncing  agents  on  eidier  of  the  higher  chlorides,  into  which,  on 
f  hand,  tt  Is  eaaily  converted  by  oxidation.     The  addilioitot  poVtA- 


spMs  ;  bnt  ia  r<Mliio«<d  by  hriTWgen  st  orrHnary  ti^mperatarM. — Tht 
a^iik,  or  lialhenioai  oxide,  Ku,<»j,  id  a  bluUh-ljlatk  imwdiT,  furuiud  b 
iiig  tha  miital  in  the  nir.  Tlio  corn-spoiidiiig  livdratr,  Ka,0,.3l 
Ruli]l>j,  Ib  obtHJiiod  by  precipitating  rullii-iiiuus  oliloriile  with  lui  a 
onrbonatu,  a«  ii  binckisli-bruwu  Buliitaiioo  which  <lissulvi'8  with 
color  ill  .icida. — Tlu*  >/i'»ru/e,  or  llullimic  ariJe,  Kii(>„  is  a  black-bla 
diT,  obtaiiiud  by  ruaating  tlie  dixiilphide.  Hulhimic  Hi/drale,  Ku( 
or  Kuil,0,,  is  obtaiUMl  0.4  a  gidatinuug  pri>cipitate  by  doomupoaing 
aium  chlororuMiKniatu  with  tuKliiim  carbonate. — ^The  Irioxidr,  KuO 
moiily  vaUiHl  raihenic  acid,  is  known  only  aa  a  potassium  salt,  w 
nlitained  by  igniting  nithi-nium  with  cautitio  potash  and  nitro :  it 
an  oraiigi'-yollow  solution. — ^The  triroride,  RnO„  is  a  volatile  com 
analogous  to  osmio  tctroxiib-,  obtaiiK-il  hy  h>-ating  rnth<-niuin  with 
and  nitro,  in  a  silver  crucible,  dissolving  the  fused  maHS  in  wat 
passing  chlorine  through  the  solution  in  a  tubulated  retort,  connw 
a  (xindeiising  tiibu  with  a  receiver  containing  ]M>tn.><b.  The  tetroxii 
pa-i.tos  over  and  ixindengua  in  the  neck  of  the  retort  and  in  the  tul 
golden-yellow  crystalline  crust,  which  melts  between  5l»0  and  tSlW 
henviur  than  oil  of  vitriol,  dissolvt^s  slightly  in  water,  reiidily  in 
chlorio  acid,  fonuing  a  solution  easily  decoui{iosud  by  alcohol,  sul^ 
acid,  and  other  reducing  agents.  ^m 

Sulphides. — Hydrogen  sulphidp,  passed  into  a  solution  of  etfli 
rliluritl«Ts  \\(  ruthenjiiin,  usually  forms  a  precijiitate  ^insisting  of 
nium  Hulj>hide  and  oxysulphide  mixixi  with  free  surphur.  Tl 
solution  of  tilt)  ilichloride  yields  a  dark-brown  sesquisulphide, 
When  hydrogen  tiiilphide  is  passed  for  a  long  lima  into  a  solutioii 
trichloride,  rutlioniiiiii  disiilphide,  UuS,,  is  formed,  aa  a  bn 
precipitate,  becoming  dark-hrowu  by  calcination. 

Ammoniacal  Rntbenlnm  Componnda. —  Trirommonio-hifporH 
ClJoridc,  4.Ml,.KuCl,.:tll/i.  or  Itu[.Ml,( .N U,)tl],.311,<i,  is  formed  I 
ing  the  solution  of  ammonium  chlororiillieiiiatu  (Rut.'l,.2NH,Cl)  w 
monia.     It  forms  golden-yellow  obliiiiie  rhombic  oryatalBj  Vcrjf  »Dti 
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M  a4iiiliou  of  a  drop  or  two  of  nitrio  acid,  jrivlda  a  bulky,  black  pr«-cij)i. 
Utf,  and  on  aildinj;  bydroitblorio  acid  to  the  liquid,  witb  the  iiricijiiiate 
WiU  in  it,  aiiii  hvatiiig  it  in  a  |Kirc4.<laiu  crucible,  the  oxide  disHolrcs,  fnrru- 
big  a  »i>lution  which  htm  a  line  oriinKc-yellow  oolor  wU«tn  concentrated, 
■nil  irh«*ii  treated  with  kydTogrn  sutptnih^  till  it  iH'comwi  nearly  black, 
■  :■•  of  »  splendid  sky-bliie  color.  C'harncteriatio  reactions  are 
;  with  ptjiaisium  mi/filioci/attatt,  which  colors  the  liquid  deep- 
•-I  <Hiij;:iii;i  to  violet  on  heating,  and  with  Itad  acrtate,  wbioti  forniii  a 
^plo-r«l  prrcipiUI*'. 


OSMIUM. 
Atomlo  wrlgli'i  <l'l>.3     Symbol,  O*. 


ition  of  thix  metal  from  iridinm,  rntheniDm,  and  the  other 
which  it  is  ossuviated  in  native  oaiuiridiuiu,  and  in  iilatinuiii 
la«s,  depends  uhiully  on  iU  ready  oxidation  with  nitric  or  nitro-niiiriatic 
lad,  or  by  ignition  in  air  or  oxygen,  and  the  vulutility  of  the  oxidu  lliu» 
produced. 

Til  prepare  metallic  osmium,  the  solution  obtained  by  ccmdeniiing  the 
Tapor  of  osmium  tetroxide  in  {wtaiih  (p.  4.05)  is  mixed  with  excess  of 
hydro .-liKirio  acid,  and  digeate<l  with  mercury  in  a  wcll-clused  bottle  at 
♦>■'.  Th«  osmium  is  then  reduced  by  the  mercury,  and  an  amalgam  is 
(onn«l,  which,  when  distilled  in  a  stream  of  hydrogen  till  all  the  mennry 
(od  calomel  are  expelled,  leaves  metallic  osmium  iu  the  form  of  a  black 
powder  (Berxelius).  The  metal  may  also  be  obtained  by  igniting  auuuo- 
ninm  cbloro-osmite  with  KnI-annuuniac. 

The  pro[)ertica  of  osmium   vary  according  to  its  mode  of   preparation. 

la  the  pulverulent  state  it  is  black,  Uistituto  of  melullic  lustre,  which, 

iiMii»r..r,  it  .v-qtiires  by  burnishing:  in  the  compact  state,  as  obtained  by 

'  s  metlKxl  above  doscrilMsl,  it  exhibits  metallic  lustre,  and  has  a 

■I    10.     Ueville  and  Debray,  by  igniting  precipitated  osmium  snl- 

l>kle  lu  a  crucible  of  gas-coke,  at  the  melting  heat  of  nickel,  obtnined  it 

la  Mui«h-black,  easily  divisible  lumps.    When  heated  to  the  melting  jmint 

ii' rtioihum,  it  l)et«rans  more  compact,  and  acq  pi  res  a  density  of  21,3  to 

21.4.    .'Vt  a  still   higher  temperature,  capable  of  melting  ruthenium  and 

^tjlllum,  and  volatilizing  plaliuum,  osmium  likewise  vnlaliliaeg,  but  still 

■to  tiiil  melt ;   in  fact,  it  is  the  most  refractory  of  all  metals. 

VOtmium  in  the  finely  divided  state  is  highly  combustible,  continuing  to 

t^m  when  set  on  fire,  till  it  is  all  volatiliztHl  as  tetroxide.     Jn  this  stnte, 

ilw.  tt  is  easily  oxidixed    by  nitric  or  nitro-muriatic  at^id,  being  converte<l 

^RU>  t«lroxtde.      But,  after  exposure  to  a  red  bent,  it  Incomes  less  combus- 

MN>,  and  is  not  oxidize<i  by  nitric  or  nitro-murintic  acid.     t>sinium  wliiih 

■■  tiwo  ho-attd  to  the  melting  jmint  of  rboriium,  does  not  give  off  any 

'Ipor  of  t«troxide  when  heated  in  the  air  to  the  melting  [wint  of  line,  but 

Uk«i  ire  at  higher  temperatnrea. 

Otmlnm  Chlorides. — Ogminin  forms  three  cblorirles,  analugous  to 
tliixniif  iridiuiu  and  ruthenium.  When  it  is  heated  in  dry  chlorine  gas, 
UifM  is  fonneil,  first  a  blne-black  sublimate  of  the  dicliloride.  then  a  re<i 
IW>limat«  nf  the  tetrachloride.  The  dichloridf,  or  hffjm-onnioun  chloritlr,  dia- 
^Pl»"«  in  water  with  dark  violet  blue  color.  It  is  likewise  formed  by  the 
Bptiun  (if  reducing  agent*  on  either  of  the  higher  chlorides,  into  which,  on 
Wmt  othrr  hand,  it  ia  easily  converted  by  oxidation.  The  addilioix  ot  v^Vfta- 
^         39 
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liquefaction.  A  projwr  qu«ulitT  of  the  8n1«tanr«  In  l)«  •nAlj'Jt^,  namdj 
fnmi  fi  to  10  graiiw,  igdrii-d  und  iKviirdtcly  wtifjlw.-a  out :  thin  a  mlsnij 
a  wnrra  pi>rc««liiiii  inortiir  with  (.•iiont'h  "f  the  b<j.ln-limi>  !«•  <lll  iwo-l'" 
of  nil  orilitiary  iiimbiisliou-liibo,  the  mortar  Ix-iiif;  riiisi"!  "  '!< 

of  th(«  ftlknliiiL>  mixturt",  mid,  liwtl.v,  with  a  Biiiall  qii;! 

);Us8,  wliich  ixitniiletfly  n-iuiiVKS  evi-rrthing  adhcrfnt  t»  li-  :-i 

U\bv  is  then   filled   to  witliin  ni>  inch  of  the  ojwn  end  with  the  111 
tiire,  and   arranp?d  in  the  chauffer  iu  the  naaal  manner.     The  »i_ 
is  collected  iu  a  little  apparatus  of  three  bulba  (Qg.  170),  oontauitDg  i 

Vlg.  170. 


rately  string  hydrochloric  acid,  altaohisi   hy  a  cork  to  thu 
tulH).     Matters  heing  thug  adjusted,  fire  \»  a]>plli-<l  tothe  ti>>>-< 
with   the  interior  extremity.     Wlien  it  is   ignited   thf" 
length,  and  when  no  ga»  issuer  from  the  a|i|>ar«lii9,  the  |  '  lii 

is  broken,  and  a  little  air  drawn  through  the  whole.     Thii  luid  lii|ii 
then  (emptied  into  a  capsule,  the  biillw  rin:»'tl  into  the  same,  Qrst  «U 
little  alcohol,  and  then  repeatedly  with  di»lill«l  wali-r  ;  an  exeeMf 
platiuio    chloride   is   added;    and    the  whole    eviiiH)riileil    todryr 
water-hath.     The  dry  mass,  when  cold,  is  trenle<l  with  \  tniztiirfl  I 
hoi  luiil  ether,  which  dis.^olves  out  the  supertluous  plntiniini  ehle 
leaves  antoucheil  the  yellow  crystalline  .imiuonluiu  plaliuo>'hli>rid< 
latter  is  iwllected  upon  a  small  weighe<l  filter,  w.islii><l  with  Ihn  «an 
ture  of  alcohol   nud  ether,  dried  at    10(10,  ,ind  weiglud -.   liHi  par 
s(>ond  to  (i.272  parts  of  nitrogen.     Or,  the  salt  with  il»  filler  may  Iw  »* 
carefully  ignited,  the  filter  burned  in  a  platinum  crucible,  and  the  uitll 
gen  reckoned  from  the  weight  of  the  s(iongy  uietal,  XOO  parts  of  liiat  •ql 
stance  being  ei|iiiv»leiit  to  1-1.18  parts  of  uitrogeu.     The  funiier  plau  l»\ 
be  preforreil  in  most  cases. 

IkKlle.>i   very  rich  in  nitrogen,  as    urea,  must  be  mixed  with    about 
equal   quantity  of  pure  sugar,  to   furnish    uncondensabla   gas.    doI    IIiI 
diminish  the  violcneu  of  the  absorption  which  otIierwUe  occin 
same   pn-aaution  must  be  taken,  lur  a  dilluruut  reason,  with  t  < 
contain  little  or  no  hydrogi'U. 

A  nKslifitijition  of  Ibis  process  has  tioen  suggsatwl  by  PhIIkoI. 
very  oonveiii>-nt   if  a  largo  numU'r  of   >  ' 
made.     Hy  this  )ilau,  the  ammonia,  in- 
chlorie  acid,  is  conducteil   liii"  i  i  ..  .v.  ■ 
standard   solution  of  Holplmi  < 
bulbs.     After  the  coiubustion  i 

is  poured  out  into  a  lK<aker,  mlored  witli  a  drop  of  tincture  •>!   litmus, 
then  n>Milrnlir«!  with  a  standsrd  solution  of  •.ids  In  wbI.t.  or  r,f  Imu 
sui  lilt  of  ncuti 

ap|.  ■•  lint.     'I  I 

Iroio  "' 

the  >><•. 

Imvu   ji«' I  ;.     .      _.    ..    , _.       ,,     ......: 

fyrouov  ot  Um  quaiitlUe*  uaod  la  thv  two  oxpcrliounu  Ktv«a  lit*  i 
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)wU>w  IMP,  >nii  boils  at  a  temperature  a  little  nlwve  itg  melting  point. 
ILh  TS|>nr  haa  &n  iutoliTal>ly  piiDgvnl  (Klor,  nttacka  the  <-yv»  Btronjcly  and 
painrullr,  and  is  exc-es»ively  poiaiimnio,  Osniiuiu  tetroxide  i»  disiiolvpd 
tlowly,  iiut  in  vouiiidtTable  quantity  by  natiT,  furniing  an  acid  »i>lutiun. 
U  is  a  iMwerful  oxidizing  agent,  dei'olorixiug  indigo-siilntiiin,  tti-jmrating 
Indiuc  bova  ptitaBsium  iridide,  converting  aleohol  into  aldelivde  and  acetic 
aad.  etc.  It  diiiiolves  in  alkalies,  forming  yelluw-re<i  solutions,  wliicli  are 
iaodoTuu<  wk«a^>Id,  but  when  lieated,  give  uIT  the  tetroxidu  and  free  oxy- 
{ca,  Inaving  fl^ltidue  of  alkaline  osiuite. 

IpMdes. — L'>8inium  bnms  in  sulphnr  vapor.  Five  salphideg  of  os- 
lu  are  ^-.lid  to  exist,  analogous  to  the  oxides,  the  flrht  four  Ix'ing  pro- 
ioced  bydei-i>m{K*ing  the  c<irre»ponding  chloridi»  with  hydrogen  sulphide 
and  the  tetrasul^diide  by  passing  that  gas  into  a  solution  of  the  tetroxide. 
The  last  is  a  sulphur  ntiil,  perfetHly  soluble  in  water,  whereas  the  others 
uv  sulphur  baaiea,,ftlighlly  soluble  iu  water,  and  forming  deep  yellow 
tolatiuua. 

Anunooiacal  Oamiam  Compounds. — A  cold  solution  of  potassium 
tBnilf:,  Uiix>ni  with  sal-armnoniac,  yields  a  yellow  crystalline  precipitate, 
Mo&idtiug,  ac«jr"iing  to  Clans,  of  hgdruteti oamammoniiim  cliloritle,  Os(NlI,Cl),. 
In  aqueous  solution  of  the  tetroxide  treated  with  ammonia  yields  a  brown- 

hUck  powder,  couhisting  of  N.U.OsO,,  or  O" Ob<J|  |jp>0  +  H,0. 

Omumic  Acid,  H,Oa,N,0(. — The  potassium  salt  of  this  bibaaic  acid, 
K,(Ib,N,(),,  is  produced  by  the  nttion  of  ammonia  on  a  hut  solution  of  os- 
Biom  tetroxide  in  excess  of  potash  : — 

60sO.  +  8NII,  +  6KH0  =  3K,0s,N,0j  +  15IL0  +  N,. 

It  »ep!>r«t««  as  a  yellow  crrstalline  powder,  and  its  solution,  treated  with 
»ftver  nitrate,  yields  a  precipitate  of  silver  osniinmate,  Ag,<)a_,N,0„  from 
•hirh  the  aqueous  acid  may  be  prepared  by  decomimsition  with  liydro- 
di)orii>  arid.  It  is  a  strong'  acid,  diTonii«i«Ing  not  only  the  carbonates, 
'  :  Ibe  chlorides,  of  pot.tssiiim  and  sodium.  The  osmiajnntes  of  the 
■tals  and  alkaline  enrlb-metals  arc  soluble  in  water;  the  lead, 
■  ;,  and  silver  salts  are  iusulable. 


AllMmlnm  componnds,  when  heaf<<d  with  excess  of  nitric  acid,  give  off 

lunplrasanl  odor  of  osmium  tetroxide.     Ity  ignition  in  hydrogen  gas, 

f  »n'  redaeed  to  metallic  osniinin,  which,  as  well  as  the  lower  oxide, 

I  Ihii  same  cpdor  when  heateil  in  conla<^t  with  the  nir.     The  reactions 

[wuiluto  ealts  iu  tolution  have  already  been  described. 
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OR 

ORGANIC  CHEMISTRY. 


INTRODUCTION 


TnB  term  "Organic  Oii'iiiislry"  originally  denoted  the  cliemistry  i 
oompuiinds  foriut>d  in  tli<>  budies  of  (ilaiiU  and  animals.  Tlie  |H'eul)l 
cliaractura  uf  tliH  c<ini)Kniiid.'<  thus  forunnl,  and  the  failure  of  the  varlicii 
Attempts  to  proiliu'u  LIh-iu  Uy  nrlilicinl  nieaus,  led  to  the  erroneous  i(lt« 
that  their  formation  wa«  <lii«  to  a  mysterious  |K)wer,  o«lle<l  "vital  furor," 
supposed  tu  reside  in  the  living  o^ganism,  and  to  govern  all  the  eliangei 
and  provesses  taking  pluie  within  it.  In  aevordauce  with  this  idea,  lh« 
chemistry  of  organic  e<^iui[Hiuu<ls,  ineluding  those  which  were  formed  \ij 
artificial  processes  from  the  prcKluels  of  vegetalile  and  auiuial  life,  wu 
erected  into  a  special  branch  of  chemical  science. 

Later   researches  have,  howevi-r,  aliuwn  that  a  large  numWr  of  roiu- 
pounds,  foruierly  regardixl  as  proilucible  only  uniler  the  iuttuenc«  of  ll^^ 
so-called  vital  force,  may  be  formed  eilher  by  direct  uombination  of  tbljfl 
elements,  or  by  chemical  transformation  of  inorganic  comi>ounda.  ^| 

The  first  step  in  the  formation  of  organic  ouui|>ouuds  from  their  elemiqH 
was  mifle  by  Wohler,  who  8hnwe<l,  in  lb28,  that  urea,  the  charocterii^l 
constituent  of  urine,  can  be  pr<>duce<l  by  moltHiular  transformation  of  a^M 
monium  cyanate.  Tliis  experiment,  viewed  in  cxmnection  with  the  f^| 
e.-'tablislnnl  alxiut  twelve  years  afterwards,  that  cyanogen  (t'N)  can  IH 
formed  by  diri-ct  combination  of  its  elements,  is  ooncluaivo  of  the  ;KiglB 
bility  of  forming  n  product  of  the  living  organism  from  inorgan ic  materU^I 
More  recently  it  has  binsn  shown  that  ethine,  or  acetylene,  C,H,,  con  fl 
producetl  by  the  direct  combination  of  carbon  and  hydrogen  ;  that  tl^| 
compound  can  be  made  to  take  np  two  atlditional  atoms  of  hydrogen  fl 
form  etheOH,  (',H, ;  and  that  this  latter  compound  can  lie  converted  infl 
alcohol,  Cjll/),  a  body  formerly  snpjiosed  to  lie  producible  only  by  the  liifl 
menlalioii  of  sugar  ;  and  from  this  a  large  nunilH'r  of  other  oomiMiun^l 
can  1k>  prodiici'il  by  the  action  of  various  reagents.  The  rt>tii>arctu«  fl 
liertholet,  KoIIhi,  Wurtz,  and  other  distingnisheil  chemists,  have  Ie<l  to  t^| 
discJivery  of  a  large  number  of  other  cases  of  the  formation  of  orgaafl 
uompounds,  often  of  great  complexity,  from  snbstanc<<s  of  purely  nilnel^l 
origin,  and  ultimately  from  the  elements  themselves.  The  dUision  ^| 
comjionnrU  into  two  distinct  hrnnches,  inorganic  and  organic — f4irmi«l  ifl 
oonling  tu  distinct  laws,  the  former  l)eing  artificially  producible  bv  dir«fl 
oombination  of  their  elements,  the  latter  only  under  the  inl1uene<<  ofH 
Buppnsiii  rifal  for«> — must  therefore  be  abandoned.     There  U,  iiide«d,  llM 
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stry,  of  which  the  gtndy  of  the  eomponndi  called  op- 
'Ui  H  {>iirt. 

:•■  chrmistry  U  in  flirt  the  chemistry  of  carboii-compoundg,  and,  in 

lYsiematii!  arrangt-fuent,  thesecouipoumU  should  U>  desoribtKl  in 

fi  with  th«  eleuieut  uarlxiu  itself.     But  th«  couiiKiuiiJa  into  wliiih 

.    -. I  niiiucrous,  thoir  constitution  and  tin- transforiiiatiuna 

..  undff  the  iuUufnce  of  heat  and  of  rhi-miral  reagi-nta 

...  :^iic<'S,  So  uoiuplicnti-d,  that  it  i»  found  liwt,  for  the  pur- 

u'tiiin,  to  defer  their  consideration  till  the  other  elements  and 

u'ia  have  Ix-eu  studied. 

it  I*  important,  in  thiii  place,  to  mark  the  distinction  between  organic 

'"mponnds  and  orpaniicd  hodiefi.     Organic  bodies,  rucIi  as  luarsh 

•  lie,  benzene,  alcohol,  sugar,  morphine,  etc.,  are  definite  oheuiiial 

Is,  many  of  which,  as  already  ol>si>m>d,  may  be  formed  by  arti- 

liods  ;  those  which  are  solid  can,  for  the  most  part,  be  crystal  I  izwl ; 

•:h  are  liijuid  exhibit  constant  lioiljng  jMiints.    Organized  IkhUcs, 

._  ...i    untrary,  always  consist  of  mixtures  of  several  definite  comiKiunds. 

TliFj  uever  crystallize,  but  exhibit  a  fibrous  or  cellular  structure,  and 

■^nnct  lie  re<luc«d  to  the  liquid  or  gaseous  state  without  eumplele  decom- 

Lastly,  they  are  organs,  or  parts  of  organs,  which  are  essentially 

of  vitality,  and  there  is  not  the  slightest  prospect  of  their  ever 

Uui^  produceil  by  artificial  means. 

The  KtiKly  of  the  iHimiKisilion  ami  chemical  relations  of  organized  bodies 
bulongs  to  a  spinial  dej>artnii'nt  of  the  science  calliHl  "  I'liysiologicnl  Chem- 
irtiy,"  which  bears  the  same  relation  to  Orgauiu  Chemistry  that  Chemical 
Geology  beam  to  Mineralogy, 


DECOMPOSITIONS  AND  TRANSFORMATIONS  OF  ORGANIC 
COMPOUNDS. 

Organic  boilies  are,  generally  speaking,  distinguished  by  the  facility 
Wh  which  Ihcy  decompose  under  the  influence  of  heat  or  of  chemical  re- 
^atii;  the  more  couiplex  the  body,  the  mora  easily  does  it  uudergo 
IvMUOaition  or  triin-ifiirmation. 

I,  iaiou  uf  Ileal. — Organic  bodies  of  simple-  constitution  and  of  some 

yenmuuiae,  but  not  capable  of  subliming  unchange<l,  like  many  of  th« 

*l>Uic  acids,  yield,  whea  ex|Hised  to  a  high  but  regulal^'d  temperature, 

in  4  Ktort,  new   «ini]>ounds,  perfectly  definite  and  often   cryHtallinuble, 

'kith  partake,  to  a  certain  extent,  of  the  propertii-s  of  the  original  sul> 

<UaM,     Carbon  dioxide  anil  water  aro  often  climinale<l   under  these  cir- 

onatancvs.     If  the  heat  be  suddenly  raise<l  to  redness,  the  regularity  of 

(h*  lincompoaition  vanishes,  while  the  products    lj<*w>uie  more  uncertain 

rt-  numeniuit ;  cartwn  dioxide  and  watery  vapor  aro  succewled  by 

ible  gases,  as  uarlion  monoxide  ami   hydrocarlxins  ;    oily  matter 

llstil  over,  ami  increase  in  quantity  until  the  close  of  the  opi'rn- 

..  n  llie  retort  is  found  to  contain,  in  most  ca.ses,  a  residue  of  char- 

•  ■kucli  is  */ry  <ir  ilrjttrttcth'e  tUslitttifiim, 

(organic  substance  conliiins  nitrogen,  and  it  is  not  of  a  kind  cnpa- 

Tting  a  new   and  pernism-nt  form  at  a  miKlerato   degree  of  heat, 

I  that  nitrogen  is  in  most  instances  jiartly  disengaged  in  the  shape  of 

«Qui,  or  Bulwlaiio'S  analogous  to  it,  partly  left  in  cimibination  with 

)  rti li<mac<-ous  matter  in  the  distillatory  v<vssel.     The  products  of  dry 

Hillatiofi  thu*  become  still  more  cnmplicated. 

3if 
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A  muuh  gtenler  degree  of  regularity  U  ollfterred  in  thu  cfftM-U  of  be«t  < 
fixeil  iiryaiiii-  lualtiTs,  wliim  tliiwe  are  proviwuuly  mixed  witU  all  t>xre*»  I 
Btroiig  alkaline  Iiilic,  aa  ]>()tili^ll  ur  limt>.     In  .such  cast-i)  nn  acid,  the  nutuij 
of  which  is  cliit'lly  dcpcudfUt  u|>un  thu  U-iii|HTatun-  applie<l,  iii  priKino 
luid  rciunins  iu    tiiiiuu  trith   the   \tiuv,  the   residual  eluuiuut  or  eleuicnll 
esoapiiig  in  suuiv  vulatile  form.     Thu.s  henzuic  acid  distill<>d  with  caldiil^ 
hydrutu,  nt  a  dull  n-d  heat,  yields  calcium  earUinati-  and  lienzene  ; 
fibre  and  caustic  {lolash,  heate<l  tu  a  very  luudernle  temperature,  rirld  fn 
hydrogen,  and  a  hruwn,  sumenhat  indetinite  auUttance  called  ulmicaa 
with  a  hij,'her  degree  of  heat,  oxalic  acid  appears  in  the  place  of  the  iiluiii)^ 
and,  at  the  temperuturu  of  ignition,  carbon  dioxiile,  hydrogen  being  tliA 
other  priKiuot. 

2.   Artiim  uf  Oj-inirn. — Oxygen,  either  free  or  in  the  nascent  state, 
which  latter  oondition  it  ia  luoHt  aotive,  may  aul  on  orgauio  uompouixiii 
four  different  ways  : — 

a.  By  simplo  addition,  ail 


C,  11,0  +  O  =  C,H,0, 
Aldehyde.  Aceilo  aeU 


ehyde.  Aceilo  acid. 

t.  By  simply  removing  hydrogen : 

(',,11.0  +  O  =  H,0  +  CJI.O 
Alcohol,  Aldehyde. 

y.  By  removing  hydrogen  and  taking  its  place,  2  atoms  of  hy 
being  roplaoed  by  one  of  oxygen  ;  «.  g.  : 

C,H,0  +  O,  as  n,0  +  CjH.O, 
AlcoboU  Aoetle  sold. 

i.  By  removing  lioih  carbon  and  hydrogen.  In  this  manner  oomp 
organic  IkmUca  c^jntaining  large  imiiibers  of  carlxm  and  liyiirogen 
are  reilue.ed  to  others  of  simpler  constitution,  and  ultimately  the  carta 
and  hydrogen  are  wholly  convertpii  into  carlNm  dioxide  and  water, 
trogen,  chlorine,  brouiine,  and  iodine,  if  present,  are  at  the  same  Iii 
disengaged,  for  the  most  part  in  the  free  state,  and  sul|diur  is  oxidized. 

Moist  organic  substances,  especially  those  containing  nitrogen,  under^ 
wlieu  exposed  to  thu  air,  a  sluw  process  of  oxidation,  hy  which  the  organ 
matter  is  gradually  burned  and  destroyed  without  sensible  elevation 
lemper.ll u re :    this  proiM'SS  is  calletl  Oecatj,  or  Jiremanttuis.     t'l«jsely 
noctiHl  with  this  change  are  those  called  Ftrmr.tttntUm  and  Pulnj'tii-tum^ 
sisting  in  a  new  arrangement  of  thu  elements  of  the  com|K>un'l  (r.ii.ii  icid 
assimilation  of  the  elements  of  water),  and  the  consitquent   i 
new  proilucts.     The  change  is  called  imtrcfaciion,  when  it  is  a 
by  an  offensive  odor  ;  J'ermeritatinn,  when  no  such  rtlor  is  evolveti,  and  i 
eially  if  the  change  results  in  the  formation  of  useful  products  ,  ihus  I 
deuiiiitiKisition  of    a   dea<l    liody,  or   of    bUxxl  or    urine,   is    imtrefactioa 
that  of  grape-juice  or  malt-wort,  which  yields  alcohol,  is   feriuentatia 
Futrefaction  and  fermentation  are  not  prm-esaes  of  nxiilatiuii  ;    nevertli 
less,  the  presence  of  oxygen   n|>pears   to  1»'  indispensable  to  their  oil 
lueiicement ;  but  the  change,  when  on(«  l).'gun,  pr(R-eeds  without  the  i 
of  any  other  sulMtance  external   to  the  decomposing  body,  unless  it 
water  or  its  elements.     Every  case  of  pulreravtiun  thus  begins  with  dtn: 
and  if  the  decay,  or  its  cause,  namely,  thu  absorption  of  oxygen,  bo  pfl 
vente<l,  no  pulrefactiun  occurs.    The  most  putrescrible  substances,  as  milT 
highly  Biotized  vegetables,  and   animal   ttesh  intendinl  for  fo<Kl,  may 
pn-servwl  indelinilely,  by  inclosnre  in  metallic  cases  from  which  the 
has  biH'U  coni/t/Wr/v  removed  and  exduib-d. 
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FormentAtion  ami  piitrefootiim  ar«  always  acciiui|>itnie<l  hy  th<-  devt<lu|>. 
birsit  of  cvrtAiu  living  iir^aiii^m!*  ut  Iho  fun);ou8  t'lnsH  ;  liut  wlivlliiT  tliu 
gniwlb  iif  llimti  ih  a  cuist'  "r  »  oiuwqiK'iice  of  llie  rliviiiical  vhauge  is  a 
jmint  not  vrt  <lec'iilc<d.  W«  ahall  ruturu  tu  thin  siibj>.«!t  iu  apeakiug  of  the 
Imoi-atiilioM  iif  iiigia. 

S.  Artitui  of  t'hturine,  Bromine^  ami  hutiur. — Chlorine  and  brrrtiiilie  exert 
prrtLsi'ly  "iiiiilar  actions  <'U  iirgBnif  iKalii-n  ;    that  of  chlorine  is  the  iiuire 

TgDtic  of  tho  two.     The  reot'tioiiii  ouIl^ist : 

I.  lo  aioiple  aildition  of  chlorine  or  brumine  to  Ui«  organic  molecule ; 


r.tt.O,  +  Br,  =  r.H.Br.O, 
yuDinrfo  Ulbromosucolaio 


aold. 


i.  Ill  removal  of  hydrogen  withoat  sulislitution  : 

C,U,0  +  CI,  =  -IHCl  +  CjH.O 
Alcohol.  AMcti)ile. 

y.    lu  iubiititation  of  okJorine  or  bromine  for  hydrogen  : 


C.H.O,  +  CI,  =  Hfl  +  c,ii,no, 

Acetlo  ChlurAcvLlo 

a«ld.  Kciil. 

CjH.O,  4-  3C1, 

Acetle 
■old. 


TriclilorHcetlo 
noid. 


The  gnbstllution-products  thns  fonnM  underpn  transformations  o1og«Iy 
uulogoaj  to  those  o(  the  originul  comjMiundj,  uiuler  the  intliieiiee  Cif  idmi- 
'  rri:agent.4  ;   but  they  are  alwuyH  more  aeid,  or  less  bn!«ylou8,  in  jirojiorlion 
the  <iaiutity  of  ehlorino  or  bromine  Hubitituted  for  hydrogen.     Thus 
lilioe,  (",I1,X,  wliieh  is  a  strong  biise,  may  bo  converted,  by  iinH^essea  to 
ihrrnafter  d.^mbe<l,  into  the  ehlorinated  compounds,  0,ll,t'IN',  C,IIjC'l,N, 
C,ll,(.'ljN,  the  lirsl  and  sei-ond  of  which   are  less  lianic  than  nnilinu 
•If,  while  the  third  does  not  show  .nny  tendency  to  form  Knits  with  acidx. 
\\,   In  pr«t9euue  of  water  they  remove  the  hydrogen  of  that  liquid,  and 
tree  the  oxygen :    hoace,  chlorlue-watur    and    brouiine-waler   act   aa 
jmrcrfal  oxidiiing  agents. 
\^{n„  III  IV  aUo  net  in  this  manner  aa  an  oxidizing  agent ;  and  it  fionie- 
-  itself  direi;tly  to  organic  molecules  ;  but  it  never  acts  directly 
■  ■•n.      Iodine  substituliou-productt  mny,  however,  be  obtained 
rises  by  treating  organic  lioditrs  with  chloride  of  irKline,  the  olihirinu 
iioving  hydrogen,  and  the  ioiline  taking  its  place. 
■».  Xrtwn  of  Silrir  Acid. — This  acid  acts  very  powerfully  ou  organic  sub- 
ncct.     The  action  may  U'  of  three  kinds : 
Direct  uoinhiuation,  as  with  organic  bases  ;  e.f/.: 


ktajUmloe. 


NO^n 

Nitrlo 
acid. 


c,n,N.No,n 

Ethylnniiuo 
allratc. 


t.  Oxidation.     Tliis  moilo  of  action  is  most  frequently  observed  with  tho 
•oui'iwhal  dltiitii]  acid. 
t'  Sulntitution  of  nitryl  (NO,)  for  hydrogen;  e.g.: 


Benzeai*. 
Cellulu4C. 


NOj(on) 

Nitrir  «cld. 

sNo,((tin 

Nitric  neiil. 


n,o 


=    3IL0 


Nitrubuntctio, 
TrlnttroeolUiloM 


i 
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Thin  action  takes  place  most  readily  with  the  Btrongest  uitric  aoid  (pa 
h.vili(>K<'"K>t'°»t<')-  Tlx'  (iriMiuots  (called  uitro-coiupoouds)  arealiri^ 
easily  cNuubiiMlihlt*.  »ii<l  in  itiiitiy  cast*^  lii^fUly  I'xpltmivt*. 

5.  Anion  nf  Alkalitt. — Tim  Iiy<lroxidi<H  of  |Hit«SNiiiai  and  sodium  act  i 
orgaiiio  Ixulii-s  in  a  jjrciit  variety  of  ways,  the  most  important  and  gonci 
of  wliidi  an-  tlia  following: — 

a.  By  direct  oombination  : — 


CO        4-         HKO 

Parbon  PotAsaium 

moQoxldo.  hydroxide. 


C,.II,0 
Oamphor. 


+ 


II KO 
PotABHtum 
hydroxide. 


cnKo, 

Polfuatum 
forma  to. 

C„H„KO, 

PotASBlUm 

camphulAte. 


B.  By  double  deoomposition  with  acids,  water  being  eliminated,  and  I 
salt  produced: 

C.H.O,  +  HKO  =  H,0  +  C,H,KO, 
Aoelte  sold.  Potmisluiii 

acetate. 

y.  Oxidation,  with  elimination  of  hydrogen : 

r,li,0  +  HKO  =  C,II,KO,  4-  2H, 
*  Alcuhul.  Pot.iHulum 

acetate. 

i.  Prom  ohlorinatod  oompoanda  they  remove  a  part  or  tho  whole  o(  I 
chlorine : 

C,n,Cl  -f  KCl  4-  H,0 

Chlbr- 
etheoe. 


C,H,a,  4-  HKO 

Ethene 

obloride. 


c,ii,,ci  4-  iiKO  =  c,,n,„  4-  Ka  4-  h,o 

Arayl  Amylene. 

oUloridc. 

I.  Amidi'8  (p.  318)  are  decomposcil  by  them  in  snch  a  manner  that  the 
whole  of  the  nilroKen  is  ^iven  olT  as  ammonia,  and  a  potassium  or  nodi 
aiUt  of  the  oorrespondiug  acid  ia  produced  : 


NH,.r,H,o  4-  HKO  =  NHj  4-  r,n,o.oK 

Acetaiulde.  Putikaiutu 

tuct«te. 


1 


Many  other  atotUed  organic  compounds,  when  heat<>d  with    alkaline 
hydroxides,  likewise  give  up  tho  whole  of  their  hydrogen  in   the  foriu 
atiiiiionia. 

U.  Anion  of  Retiudng  Agmts. — Tlii.s  name  is  given  to  l>o<lies  whose  aclk 
is  the  inverse  of  that  of  oxygen,  chlorine,  bromine,  and  iodine  ;  such 
nascent  hyilrogen,  olitained  by  tho  action  of  Hodiiim-amalgniii  on  water, 
by  that  of  line  on  aqueous  acids  or  alkalies  ;  also  hyiiroRen  sulphide, 
nmniuin  sulphide,  sulphurous  acid,  and  metnis,  especially  (lotaiisiuiu 
sodium — all  of  which  either  give  up  hydrogen,  or  alMtraut  oxygen,  ohh^ 
rine,  etc, 

Keduoing  agents  may  aet  in  the  following  ways  : — 

a.  By  adding  hydrogen  to  an  organic  liody  : — 


c.ii.o 

Efhpne 
ox  ide. 


4-     IIU 


f.IIfO 
AlcoiioL 
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t.  Bj  mnoTing  oxygen,  chlnrine,  bromine,  or  iodine,  wilhoat  iutro- 
logiag  auytliiug  in  iu  plac« ;  tluix  : — 

4-     HH     =     11,1)    +. 


Beniulo 
■eld. 


C,II,0 
Boniols 
alUehyde. 


».  By  siubilituting  hydrogen  for  oxygon,  diloriiic,  etc.  Tliis  proi-i-ss  is 
ikllni  im-fTir  tuliMtiiuiion.  It  may  taJce  pliico  uitlier  in  equiralent  quaiiti- 
Ji«,e.o..-— 


aHjO.OH  +  2HH 
Uenzolo 
utd. 


11,0  +   r,H,.OH  ; 
Bcnxylio 
alculiol. 


1  ly  hapiiun  tliat  tlie  quantity  of  hydrogru  introdncod  is  only  half 
i.h  is  i-quivak-nt  to  tliu  oxygen  reiuovt-d.     This  mode  of  sulwlitu- 

,k«  p)ac«  with  nitri>-Lviin|Kninrl9,  which  are  thi-rehy  rtKlui'i<d  to 
luVsining  amidogeu  (Nllj)  iu  place  of  nitryl  (Nl)j);  thus: — 

QH,(NO,)  +  3H,  =  2U,0  +  C-.I1,(.NH,) 
Nltrobeozeue.  Amldirbenzeoe 

(itnilloe). 

A  Ivfte  nambcr  of  organic  bases  are  formed  in  this  manner  from  nitro- 

mu[Kiuuds. 

7.  Action  of  Vthitihaling  Aijrntt. — .Strong  flulphnrie  nfiil,  sulphnrie  oxide, 
Iiliwplioric  oxiile.  and  linc  chloride,  remove  oxygen  and  hydrogen  fruru 
nfRinic  UkIIca  in  the  form  of  water,  the  clemeuttt  of  which  lire  deriveii, 
miHtiiueii  fnim  a  single  molecule  of  the  organic  body,  sometimes  from  two 
wjfwules  : — 

c,n,o  —  n,o  =  r,H. 

Alcohol.  Etbeno. 


2c,n,o  —  n,o 

Alcohol. 


rti,„o 

Ether. 


Conpoands  which,  like  sugar,  starch,  and  woo<]y  fibre,  consist  of  carl>on 
nlM  with  hydrogen  and  oxygen  in  the  prD|H>rlions  to  form  water,  are 
(Am  roduoed  by  these  dehydrating  agentu  to  black  substances  consisting 
luinly  iif  rarlion. 

OlIiiT  reactions  of  less  generality  than  those  above  described  will  be  laf- 
kieiiUy  illastrated  by  special  cases  in  the  sequel. 
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'  inie  n<>m[>ounds  contain,  for  the  most  part,  only  a  small  nnniber  of 

'■•Mi.     Many   rfluaial    only  of  rarlwn    and    hydrogen.     A    very    largo 

r.  including  ni<wt  of  Ihose  which  occur  rcMily-fornn.Mi  in  the  iMNlies 

lis  and   aiiini.al$,  consist  of  cartmn,  hydrogen  anil   oxygen;  nllwrs 

^of  carlion,  liydrogcn,  and  nitrogen.     Oth>'r.ii,  again,  iiicltiding  most 

imate   principliw  of  the  animal   organism,  consist  of  four  ele- 

riarbon,  hydrogen,  oxygen,  and  nitrogen.     Some  oontnin  sulphur, 

•piiftrns,  chlorine,  and  met.iUic  elements  ;  in  fact,  artificially  lirepnn-d 

(ompounds  may  contain  any  elements  whatever.     Moreover,  even 

|,Whiob  contain  only  a  small  number  of  elements  often  exhibit  great 


SUUi   lU    lUO  Ul^JiUlU     aUUUi*lJU«J    4UU    U4Ut>tUHMXZ< f  I  UUU    UUUJU 

and  liydroKfn,  or  tlioao  Ixxlics  togi-llier  with  ox_vgi-ii,  ig  prese 
riraeiit  sulBcoii ;    the    ciirlwu  aud  h^droyen  arc  dulermiuc-d 
Iha  ojtygun  by  difforonce. 

Thu  Hubstaiioe  to  Ixj   analyzed,  if  solid,  must  he  carofuUji 

mniijiture.     If  it  will   boar  tlie  applicatiou  of  a  moderate  heat,  til 
cation  is  very  easily  ai-oomiilished   l>y  a  water-  or  ateam-bnth  : 
oases,  expoaure  at  coiumnn  li'm|«iraturoa  to  the  al>«(irlM«nt  powers  c 
■arfaoe  of  oil  of  vitriol  in  the  vuiuum  of  an  air-pump  muat  be  sub 

The  copper  oxide  is  best  made  from  the  nitrate  by  (Ximplete  igl 
an  earthen  crucible ;  it  in  reduced  to  jKiwder  and  reheated  Just  b« 
to  expel  hygriHoiipio  moisture,  which  it  alisorbs  with  avidity,  e» 
warm.  The  combiiation  \»  ]H>rform(*d  in  a  tube  of  hard  white  E 
glasH,  having  a  diameter  of  U.4  or  ILfi  inch,  and  varying  in  length 
to  18  inches  :  thia  kind  of  glass  l>ears  a  moderate  red  heat  witliout  I 
soft  enough  t^  lose  its  shape.  One  end  of  the  tube  is  drawn  out  U 
as  sliowu  in  Qg.  lUU,  and  claied  ;  the  other  is  simply  heated  to  1 


Fig.  I GO. 
Oojiper  oxide.       Mixture. 


Copper  oxide. 


soften  the  sharp  edges  of  the  glass.  To  prevent  absorption  of  i 
by  the  copper  oxide  during  the  filling  of  the  tube,  the  oxide,  wl 
hot,  is  poured  into  a  loug-necked  Husk  closed  by  a  cork  ;  it  is  the 
cool,  aud  afterwards  mixed  with  the  organic  substance  in  the  uom 
tube  itself.  A  siuiill  ijuautity  of  the  cooled  oxide  is  tjr)<l  iutro<lu 
the  tube,  then  n  portiiMi  of  the  organic  Bulistance  is  added,  and  a 
a  coluuih  of  oxide  aliiiiit  'i  inches  long  is  poureil  in  the  same  ma 
before.  Thia  portion  of  oxide  is  mixed  with  the  organic  sulutanoii 
ffniT    it  »ttti  M.  jAtuui^  hnka   xati *>i*    ^^.-♦^a.^itw  ^f  wKl.»ti   u  Iw>m*  I 
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To  a^ni**  t  t(i"  Hatar  prodooed  in  the  experiment,  a  Bmall  light  lube  of 
Ik*  tonii  'I  III  lig.  16:1,  or  a  t'-tulit;,  lu  in  iig.  llij,  lillwl  witli  (rng- 

1  .ilciiiiii  cUlDriilx,  in  iitl]ioLe<I  liy  a  pcrforittMl  cwrlc,  ttuir- 

igtkl^  littiMi,  lu  liui  oi>un  extremity  of  the  combustiau-tulM.     The  carbon 

Flj.  idl. 


d^MMMm. 


iioxld*  is  absorbed  hy  a  lolntion  of  raustin  potash,  of  speuiflo  gravity  1 .27, 
" '  b  u  contained  in  a  small  glass  npparntiiB  on  the*  prinriple  of  a  Wimllij'a 
a,  ihown  in  fig.  163.     The  oouueotion  between  tbu  latter  and  the  cal- 


Flg.  IBS. 


Tit  Idl 


Hum-chlorfds  tube  is  compli-lpd  by  a  little  tubo  of  oaontcliono,  Bprnred 
'■111  iiUc  curd.     The  wbulo  ia  shuwu  in  iig.  164,  an  arranged  for  uao. 

Fig.  104. 


SrawlDg  of  tbe  whole  arraogement. 


FThe  tightn<>9ji  of  tbe  Jnnctionii  may  be  ascertained  by  slightly  rarefying 
m»  imliult^i  air  by  sacking  a  few  babliles  from  the  iiittirior  througli  tho 
liquij,  uiing  the  dry  li|i9,  or,  bpttcr,  a  llttl<>  iH-iit  tulx>  with  n  jMTfVir.itcd 
wk  ;  if  the  difference  of  level  in  the  liquid  in  the  two  limt«  of  tht^  potash 
■Ppiratiis  bfi  prcs«!rri<il  for  several  minutes,  tbe  joints!  are  perfect.      Ueil- 

'"•'  ^ -'  i«  now  placed  anmnd  tlie  anterior  jiortioiv  of  tlin  oonibnstion- 

iij;  llie  |>iir<'  oxide  of  i"opper  ;  and  whi-n  this  U  re<i-hot,  the 

. •.'[(ended  tiivr.'irdM  tlie  farther  extremity  l>y  sliiflinp  the  inov- 

■u  reprei«ente<l  in  the  drawing.     Tlie  expi-riment  must  be  so  ivrti- 

'hst  a  nniform  stream  of  rjirlion  dioxide  iihall  enter  the  jKitasli- 

M  by  bubbles  which  may  be  easily  counte<l  ;  when  no  nitrogen  is 

theflo  bubbles  are,   Uivarda  the  termination  of  the  expcTwavLivV, 
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almost  compIi-UjI/  absorbod  hy  the  alkaline  liquid,  the  little  r«8ida« 
aloue  escaping.  In  the  oaiiv  of  an  azotiztsl  Ixxly,  on  the  contrary,  ba 
of  nitrogen  gaa  pass  through  the  potoiih-aoliitiou  during  the  whole  pi 

When  the  tube  has  been  completely  huatetl  fniui  eiul  to  end,  a 
more  gas  ia  disengaged,  but,  ou  llio  oilier  haiui,  altsorplion  liegius 
evident,  the  coals  are  removed  from  the  farthest  extremity  of  the 
tion-tube,  and  the  point  of  the  latter  hrok«?n  off.  A  little  air  is  i 
through  the  whole  apparatus,  by  which  the  remaining  carbon  diozidi 
watery  vapor  are  secured.  The  paru  are,  lastly,  detached,  and  tlu 
oiuni-ehloride  tube  and  potash-apparatus  re-weighed. 

The  mode  of  heating  the  combuation-tulie  with  red-hot  charcoal 
original  process,  and  is  still  employed  where  gas  is  not  available. 
8inc«  the  use  of  oosl  gas  has   been    universally  adopted  in   laborst« 
many  wntrivanoes  have  l>een  suggeiited,  by  means  of  which  this  a 
nient  fuel  may  be  employed  also  in  organic  analysis.     An  apparati 
this  kind*  is  the  one  represented  in  fig.  ItiS,  in  which  the  combustion' 

Fig.  lU. 
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Une  flaini*.  which  rendera  thran  in  a  short  lime  tncandi'goent.     TIik 

tmc'tioD  of  tliis  furnuco  in  reiulily  iiitr^Uigiblo  by  a  kIb'i^'i-*  <>t  fipun'H 

iftUil  I<:7,  whii'li  Kxliiliil  tlip  (litTi-reiit  jiarLi  of  tliv  Rpx">''''"'=*  '*■  it<^'t><»i, 

n  .  Uirpi  runtacK  with  live  rows,  niid  iig.  I(i7  ft  HUialler 

V.  ..(  clAy-liunii-rs. 

•ua-.^  •/!   :-iiM).lcr  iiuist ruction,  in  which  the  oombustion-tubw  is 
by  B  row  o{  Bunion  buriieiA,  arc  aluo  much  U8«d.     Siii-h  a  furnaoe 
ttt  of  Ton  Babo,  rvpreafiitMl  in  fl^;.  ll!!'. 

fnl)owii>s  svrouiit  of  a  rxal  pxp<'riiii>'iit  will  ticrve  to  illnstratv  tli« 
lUtion  of  the  rr«ult  obtained  in  the  combuBtiou  of  crystallizetl  Hiigar  : 

Quantity  of  snjjni  employed       ....         4.750  grains. 
Fatadh-apparatu8  weighe<l  after  experiment       .     7S1.13 
"  "        before  ez|>erimenl     .     773.S2 

Carbon  dioxide  ....        7.31 

Calcinm-obloride  tube  after  experiment      .         .     22<i.(i5 
"  before  experiment    .         .     223.30 

Water 2.7S 

'■31  p.  carbon  dioxide  ^  I.9D4  (rr.  carbon  :  and  2.75  gr.  water  ss  0.30S6 
P-  hydrogen  :  or  in  lOU  parts  of  sugar,* 

CarUin 41.Jt8 

By<lrT>(ren 6.43 

Oxygen,  by  diSereneo 51.59 

lOO.lKIO 
the  orjjnnic  snl>atanoe  cannot  be  mixed  with  the  copper  oxide  in 
j<-r  dr«cril<ed,  the  ]iroc««»  must  Ih-  modiBud.     If,  for  example,  a 
I  ia  to  be  examined,  it  i8  inclosed  in 
ll.  Iitilb  with  A  narrow  stem,  wliiili  is  FIr.  leg. 

r«cii>-.i  -  1     '■  r  the  iiitriHlui'tiiiii  of  the 

ll<|«id,tl  lieruietieiilly  :>i'9led.     A 

liiiiri^.^  ut  into   the  wnibustion- 

li  its  »teni  hrolien  at  a,  a 
n  previously  made  ;  and, 
Ul•^  tuU}  is  tilled  with  the  oold  and  dry 
xide.     It  is  arranged  in  the  fnruace,  the 
:  I'hiiiride  tube  and  pota.sh  apparatus  ad- 
■lui]    then    »onie   6  or   8   inches  of  oxide 

i.<  l*-<'n  hc.'ite<l  to  re<lne.ss,  the  liquid  in  the 

tulliii,  by  the  approximation  of  a  hot  conl.  ex- 

|"Ur<l,  and  slowly  uonrerted  into  vapor,  which, 

■B  puaing   over    the    hot   oxide,   is   completely 

^nwd.  •  The  experiment  is  then  terminated  in  the  nsnal  manner.    Fatly 

luil  v«xy  substances,  and  volatile  solid  bodiea,  as  camphor,  are  placed  iu 

littlx  boatj  of  giant  or  platinum. 

topper  oxide  which  has  l>een  used,  may  lie  easily  restored  by  moisten- 
•■it'llh  nitric  ooid,  and  igniting  to  redness  ;  it  iK-conies,  in  fact,  rather 
iBprorad  than   otherwise,  as,  after  frequent  employment,  its  density  is 

*  Tktlheonlleal  eonposltlan  of  lu^sr,  Oi.H-0,i,  reckoned  to  100  part*,  gives— 

i>it>oa ~ 42.11 

H)<lr<,ireD •*  *3 

Oxygea M.«a 

lOO.OO 
40 
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increased,  and  its  troublesome  b.ygn»oopio  powers  diminished.     For  sa 

stanum  wliich  ar»  very  difficult  of  voiubusliuii,  from  thi-  lar^> 

of  oarUm  they  uuntaiu,  and  for  ooiujMinuiln  into  whirli  fJiloi : 

•  cuuiititut'nt,  fuHi-il  nnd  powdered  lead  chruiuat«  may  Iw  buI'.-im  u 

llie  fujijier  oxidi',  ns  it  freely  j;ivea  uji  oxy^:en  to  couibuntilde  niatl« 

even  evolves,  wlien  atrungly  heated,  a  little  of  liiat  gas,  which  Ihiu  i 

tho  jwrfoot  HiuibuMlion  of  the  or(janio  Unly. 

Lead  chroiuatc  is,  however,  troiibleaoiue  to  prepare,  and  always  d<jet< 
the  glass  tubes.    A  m>irn  convenient  method  of  inxuring  the  oomplotv  un 
hustion  of  substanc<-s  which  burn  with  difficulty  in  to  finish  the  eiimbtuti^ 
in  s  stream  of  oxygen.     This  may  be  ellected  either    by  placing  a  en 
quantity  of  fused  potiissiuni  chloral*'  at  Ihe  closed  end  of  the  c<>iubug|j<4 
tulx!,  or  by  connecting  the  tulw  with  a  gas-holder  containing  oxygen  ] 
The  latt<>r  melluxl  Is  to  l)e  preferreti,  as  it  enables  the  operator  to  n-guisl 
tlie  stream  of  gas  at  his  pleasure,  whereas  the  ignition  of  }Kitassiumeh' 
rate  is  apt  to  give  rise  to  a  rapid  evolution  of  gas,  which  may  force  a  ] 
tiou  of  rujiiid  out  of  the  potash-bulbs  and  rentier  the  analysis  worthlesSrl 

A  form  of  npparatuH  for  supi)lying  a  stream  of  oxygen  is  represented  iiH 
fignre  l(i9.      The  combustion-tube  is  open  at   both  ends,   and    the   end 
farthest  from   the   putasli-bullis    and  calcium-chloride  tube  is  oonnectM 
with  two  gas-holders,  one  filled  with  air,  the  other  with  oxygen  gas.   The 

Fig.  10». 


communication  is  made  i.. -  ■■i  .,    ;   ;.il»e  provided  with  a  stop 

so  that  either  gas-holder  may  Ix-  connected  with  the  combustion-tube  i 
the  other  shut  off  at  the  same  time.     The  air  and  gxygen,  before  enteril 
the  coiiibustiun-tube,  are  made  to  pass  through  two  I'-tulh-s,  onecontaiui] 
luni|M  of  pumice  soaked  in  sulphuric  acid  to  dry  the  gas,  the  other  ooul 
ing  lumps  of  caustic  )>otash  to  free  it  from  corbonic  acid. 

'I'liu  ci>iuliuslion-lube  may  Iw  heate<l  either  with  gas  or  with  obarooal 
(the  llgitre  represents  a  liaUi's  pas  apparatus),  and  the  mixture  may  kB 
dispiisccl  in  the  tulie  in  the  way  nlx>ve  described^ir  lietter,  in  the  casn^| 
dilUciiltty  conibuslibic  bodies — the  snlMtancc  may  lie  placed  by  itself  in9 
small  Ixial  of  platinum  or  i>orcelain.      In  this  case,  the  oombustinn-tulH-  is 
first  rilled  to  two-thirds  of  its  length  with  copjier  oxide,  which  need  not  ' 
previously  ignited,  the  remaining  third,  nearest  to  the  gas-liolJer,  beil 
left  free  to  receive  the  boat.     It  is  then  laid  in  the  furnace,  and  ronnec 
in  the  manner  just  descrilied  with  the  gas-holder  containing  atmnsphe 
air;  the  copper  oxide  is  heate<l  to  rednes.i ;  and  a  slrenm  of  dry  ai^ 
passed  through  the  tul>e  so  as  to  remove  every  trace  of  moisture. 
tulK'  is  then  left  to  cool ;  the  iMiat  containing  the  sulistance  is  intrtnlue 
a  plug  of  recently  ignited  aslx-stos  having  been  previously  intn>diir4-<l  j 
prevent  the  wpper  oxide  from  coming  in  omtact  with  it  ;  the  calciul 
chloride  lulw  and  potash-bullis  are  attached  in  the  usual  manner;  and  I 
tube  is  connected  with  the  gas-bolder  containing  oxygen.     The  ooiii 


AWALTBIR   or   OBOAMIC   COMPOUNDS. 


471 


i>  now-  once  morv  htrnted  to  redneaa,  and  as  soon  sx  U  is  thoroogliljr 
b**t  i»  vfxy  cAutioual;  applied  to  llu<  part  of  the  till*  ixiiitaiuing 
X,  Aalow  striiaui  of  uxvfffn  buiug  piuiKf<i  through  the  appurntiis, 
It  to  |>r«"V«'iit  iiuy  Iwrknarii  pius6it;;o  of  tlu'  ^rasi-H,  liut  not  to  oaiiso 
» oxjrKtfU  to  pHiH  through  tin-  boIuIihii  nf  pot;i!<h.  If  the  oxiiit- of 
rxhibitii  a  rtxl  uolur,  iuilicntiiig  rL^iliiction,  thu  heating  uf  the  sub- 
in  the  boat  must  be  tlideinitiuued  till  the  ix>p)ier  18  reoxicli7.e<l. 
at  leugth  there  ia  nothiu;;  left  of  the  urgiuiic  subHtaiiie  but  bluik 
Ute  b«at  may  be  iucreuued  and  the  stream  of  oxygeu  accelerated, 
manner  the  combustion  in  sfmn  completed,  and  when  the  buhblrg 
ipvar  to  pa»!i  through  the  potaah  without  absorption,  the  pro«'a.s 
iDetl  in  the  ttanie  manner  for  a  few  niinutejt  longer,  and  the  potush 
and  cj»l<ium-chloride  tube  are  then  detached,  after  air  has  U'en 
pmwl  through  the  apparatus  for  a  little  time  to  displace  the  oxjgen. 
Ijutty,  the  .stream  of  ulr  ia  continued  for  a  aulficieut  time  toetfect  the  com- 
plete reoxiilation  of  the  copjwr,  which  is  then  ready,  without  further 
prrparatiou,  for  another  experiment. 

After  the  tube  has  wKded,  the  boat  is  taken  out  and  re-weighed.  If  any 
liiar«;anic  matter  remaiiui  in  it  (ns  in  the  ease  of  a  salt)  the  quantity  of 
this  is  at  uuc«  ascertained,  if  the  weight  of  the  boat  itself  is  previously 
luiown. 

stresin  of  hot  gas  is  likely  to  carry  vapor  of  water  witli  it  in 

'through  the  ixita-th-buUis,  whence  hms  of  weight  would  ensue,  a 

leium-chloride  tube  is  attacUeil  to  the  i>ota.sh-bull>s,  as  shown  in 

the  flgore,  to  arn-st  any   water-vaptir   thus  carried  over.      This  tube  ia 

weighe<i,  together  with  the  fMtash-bullis,  before  and  after  the  experiment. 

The  method  just  dtscrilwd  ia  capable  of  giving  very  exact  results;  it 

iiUDr«4  the  complete  combustion  of  the  carlnm,  and  obviates  all  danger  of 

an  ezens  of  hydrogen  arising  from  moisture  in  the  copper  oxiile.     It  like- 

wboWTca  the  trouble  of  igniting  this  oxide  betori-  the  ex|M'riment  and 

^n..f^<,r.u  t.v./niiig  it  with  nitric  acid.      But  to  insure  a  good  result  espe- 

Iw  taken  not  to  heat  the  snlislanoe  in  the  Uml  too  suddenly  ; 

I  liustible  gases  will  be  given  olf  faster  than  they  can  be  burnt, 

ami  the  analysis  will  be  worthless. 

A»al$*i*  "f  Asotizcd  SabttnncrM. — ^The  presence  of  nitrogi-n  in  an  organic 

MMQMWkI    is   easily  ascertained    by  healing  a  smalt    portion  with   solid 

iBfHilBm  hydrate  in  a  test-tube  :    the  nitrogen,  if  present,  is  converted 

ntB  ammonia,  which  may  be  recognized  by  its  «lor  and  alkaline  reaction. 

In  determining  the  carlion  ami  liydrogen  in  such   iKidies,  by  combustion 

»iiv.  ,'^r,p<<r  oxiib',  OB  alwvo  described,  a  longer  lube  tli.-in  Uhual  must  be 

1.  and   4  or  S   inches  of  its    anterior  jKirtion   filled  with    coppcr- 

•  rendered  jM-rfectly  metallic  by  ignition  in  hydrogen.     This  serves 

.pose  any  nitrogen  oxides   formed  in  the  process  of  combustion, 

!  'nffered   to  pass  off  undecompose<l,  would   be  absorbed   by  the 

iiiate  the  deti-rmination  of  the  carbon. 

II   may  be  estimated   either  by  Cfinverting  it  into  ammonia, 

by  ..•  sutjstance  with  an  alkaline  hyrlrate,  as  alx)ve  mculione<l, 

OT  I  'it  in  the  free  stoto  and  measuring  its  volume. 

1.  1  .  .  ,  rnVm  info /IninKiniVi;  Will  and  V.-irrentrapp's  method. — An  in- 
tfaoaf  mixture  is  made  of  1  part  caustic  soda  and  2  or  3  parts  qnicklime, 
b^  slaking  lime  of  good  quality  with  the  projier  projKirtion  of  strong 
■tint Mir  aoda,  drying  the  mixture  in  an  iron  vessel,  and  then  heating  it  to 
nir>*m»  In  mi  earthen  crucible.  The  ignited  mass  is  rublHid  to  powder  in. 
■  «  ,  ir.  and  rjirefnlly  pri-served  from  the  air.     The  lime  is  useful 

In    '  -  ;    it  diminl.«hi-s   the  tendemy  of  the  alkali   to  deliquesce, 

lbe»l.i..L.-:.   uiikturo  with  Uie  organic  substance,  and  prevents  fusion  and 


I 


mtcly  str.inir  hjdroohlorio  acid,  nttnchtxl  by  n  cork  to  the  ooinl 
tul)i>.  MatUTd  iH'iii);  tliiia  arljuHtud,  tin-ia  njiijlietl  to  the  tube,  ooau 
wilb  thu  inti-rior  extrtjuiity.  When  it  is  ignited  tliruuglioat  i( 
len|;tU,  an<l  wlu'ii  iiu  ga«  JKHUes  rmm  th«  apparatiiH.  the  |x>iut  of  ( 
is  brok<-ii,  mill  a  lilllo  nir  ilrawu  tliroiiuli  ilu-  wliolr.  The  aoiil  1 
thi'M  iTiiptitnl  into  u  uHpHiili',  tlii'  biillM  riiistiil  intu  the  saiitc,  tirsit 
little  nlciiliol,  anrl  llien  repeatedly  with  dixtilted  water  ;  an  exoesii 
platinio  ubloriile  ia  added  ;  and  tlie  whulu  uvapurnted  to  dryni 
water-l>ath.  Tlie  dry  iuuhs,  wlien  c(ild,  in  treated  witli  a  mixture 
hoi  and  ether,  wliieli  disHotres  out  the  superfluous  platinum  chlor 
leaver  untourlutl  the  yellow  crystalline  ammonium  plalimwhlurld 
latter  is  eolteeted  upon  a  small  weighed  filter,  washed  with  the  sai 
lure  of  alcohol  and  ether,  dried  at  IWO,  and  wei(;hed  ;  UKI  p»rl 
spoud  to  li.272  parts  of  nitrogen.  Or,  the  salt  with  its  filler  may 
carefully  ignited,  the  Alter  burned  iu  a  platinum  eriuible,  and  it 
gen  reukoned  from  the  weight  of  the  spongy  metal,  lt>0  parts  of  tl 
alanee  being  e<|uivalent  to  14.16  parta  of  nitrogen.  The  former  pi 
be  preferred  in  most  cases. 

Bodies  very  rich  in  nitrogen,  as  urea,  must  be  mixed  with  ft' 
eqnal  qnanlity  of  pure  sugar,  to  furnish  uucondensable  gas,  ai 
diminish  the  violence  of  the  absorption  which  otherwise  ix-cum  ;  i 
same  prei^aution  must  bo  taken,  (or  a  different  rcodon,  with  tbo» 
contain  little  or  no  hydrogen. 

A  mudiflcation  of  this  process  has  been  suggested  by  Peligot,  n 
very  eoaveuient  if  »  larga  number  of  nitronen-deterioiimtioiM  j 
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th«  »cid  during  the  eombniition.     The  amonnt  of  nitrogen  may 
kulated.     If,  for  instance,  an  acid  W  prepanil,  containing  20 
<l  j>ntf   hydrog>?n  aalphale  (II^O,)  in  KHIO  grain-iuoaauri-s,  tlion 
iron  of  this  acid — IIid  quantity  introduced  into  the  bullia 
I  with  1.38  grains  of  ammonia,  or  1.14  grains  of  nitrogen, 
h.  .lion  IB  so  grai)uale<l  that  KMHI  graiu-nieasunti  will  exactly 

»l  -  '0  grain-meaiiures  of  tlie  standard  aci<l.     If  we  now  find 

Di'    ..'  ...  partly  satnrate<l  with  tlic  ammonia  disengaged  during  tlie 
ion  of  a  nitrogenous  gulistaQce,  requires  only  700  grain-tuejiaurea 

300  X  3tK) 
na  solution,  it  ia  evident  that  — jj^,,, —  i=t)0 grain-measures 

Itoratcd  bv  the  ammonia,  and  the  qn&ntity  of  nitrogen  is  obtaine<l 

1.14x60 
proportion— 200  ;  1.14=60  :  x,  wherefore  x=a — ^oo —  =■  0-342 

(  nitrogea. 

f  tHftt^urmrnt  o»  /ref  Xitrogen, — ^When  the  nitrogen  exists  in  the 
I  subutance  in  tlie  form  of  an  oxide,  as  in  nitrobenzene,  C(IIj(NO,), 
litrite,  C,Hi(.\U)(),  etc.,  the  jireceiling  method  cannot  be  employed, 
tt  these  nitrogen  oxides  ar«  not  aimpletely  winvertiil  into  niiuiiiiiiia 
ting  with   alkaline  hydrates  :    it  fails  also  in   Uie   case  of  certain 

base's.  In  such  cases  the  nitrogen  must  be  evolved  in  the  free 
f  beating  the  organic  body  with  copper  oxide  ;  and  its  volume  de- 
vd   by  collecting  it  over  mercury  in  a  graduated  jar.     There  are 

way*  of  effecting  this  :    the  one  most  frequently  employed  is  that 

as,  as  simplitied  by  Melseiis. 

t>e  of  Biiheniian  gloss,  28  inches  long,  is  securely  sealed  at  one  end  ; 
fa  enough  liry  acid  siKlium  carbonate  is  put  to  occupy  fi  inchisi.     A 

Cre  oopper  oxide  is  next  intriKluced,  and  aft-'rwards  the  mixture 
and  organic  substanci-s,  the  weight  of  tlio  latter,  lietween  4.5 
igtuiaa,  in  a  dry  state,  Itaving  been  correctly  determined.    The 

Fig.  171. 


lor  of  the  tul)e,  amonuting  to  nearly  one-half  of  its  length,  la 
Bnl  up  with  pure  ciijiper  oxide  and  sjiongy  metal,  and  a  round 
torfnrated  by  a  piece  of  narniw  tnlie,  is  securely  ailupted  to  its 
This  Inlie  is  iiinnected  by  means  of  a  caoutchouc  juint  with  a 
Sivrry-tulx.',  n,  and  the  eonibuBtion-lutw  is  arranged  in  the  furnace. 

now  applied  to  the  further  end  of  the  tulie,  so  as  to  decomjvMe  a 

of  the  luiid  sodium  carlxmate,  the  remainder  of  the  carlK>nate,  as 
I  of  the  other  part  of  the  tube,  being  prcitected  from  the  heal  by  a 
,  a.  The  current  of  carlion  dioxide  thus  pr<Kluce<l  is  intended  to 
ill   the  air  from  the  apparatus.     In  order  to  aseertnin  1\\M.  \.\i'\s 

oil  «lii.lj  tht>  iuc-ss  nf  ihf  K^ole  operation  depends,  \8  Accoui- 
■ii'' 
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•  Qiurutif  Jnumtl  o(  Uw  Cbuii<*t  Sotloly,  vi,  : 


ANALYSIS   OF    OROAMC    OOHPOUNDB. 


475 


01  r^cMU   <-<iiniil,'ti'ly  oonvt;rtLMl  into  sulphuric  atiJ,  aud  may  be  precipi- 
'■■'  of  barium  ;   phmiiliorut  and  arsenic  are  voiivertnd   luto 
[{<:  >rset]iu  avidri,  and  tuny  be  prt>uipitult.-d  an  ammunio-mngne- 

uu  3a11s  ,  ilu'iirine  ie  partly  oxidized,  partly  si-paratvd  in  tli>-  frets  state, 
t  mny  Iw  completely  converle<l  into  hydroclilorie  afi<l  by  meauM  of  a  di- 
M  of  «uIphnrou8  a<ud  or  sulphite  of  Hoiliuiu,  and  then  precipi- 
:rate  of  silver;  bromine  and  iodine  are  completely  separntud  in 
.Ie,  anil  iiiny  lie  estimated  in  like  manner ;  lastly,  ukIiiIh  are 
ntu  oxides  or  nitrates,  aud  may  be  estimated  by  the  ordinary 
1    mineral  analysis, 
'i'bu  method  of  oxidation  by  nitric  acid  in  sealed  tub<.-s,  is  likewise  ap- 
ble  \o  luaJiy  iuorganic  oouiituiinds,  the  aulpliides  uf  arsenic,  for  uz- 


EMPIRICAL  AND  MOLECULAR  FORMULiE. 

1  formula  is  termed  em/ii'nca/ when  it  merely  ^ves  the  siraplest 

ibte  exprntsiim  of  the  eom{K»itii>u  of  the  substunm)  to  which  it  refers. 

:  — /ririifiir   lormuln,  on  the  contrary,  expresses  the  absolute  niimlx-r  of 

1  of  each  of  its  elements  supposeil  to  be  contnine<l  in  the  niote4?ule,  as 

It  aa  the  mere  numerical  relations  existiu);  lielween  them.     The  empi- 

furmula  is  at  once  deduced  Irom  the  analysis  of  the  substance,  reek- 

lu  llH)  parts. 

iThv  rase  of  sugar,  already  cited,  may  be  taken  as  an  example.     This 
Ulatance  giTes  by  analysis — 

Carbon 41.98 

Hvdrngen 6.43 

Oxygen 51.59 

lOli.lH) 

'  If  »«ch  of  these  qnnntities  l>e  divided  by  the  atomic  weight  of  the  oor- 
ipoading  element,  the  quotients  will  express  the  relations  existing  Ihj- 
...jMpthe  uumlters  of  atoms  of  the  three  elements:  these  are  afterwards 
IliMtd  to  their  simplest  expression.     This  is  the  only  part  of  the  ealcu- 
l^lMkfB  8tteiid<'<l  with  any  dilflculty.     If  the  numbers  were  rigidly  correct, 
(  would  only  be  necessary  to  divide  each  by  the  greatest  divisor  common 
>tli(!  whole;   but  as  they  are  only  approximative,  somethuig  la  of  ueces- 
/  left  to  the  judgment  of  the  experimenter. 
Ill  the  case  of  sugar,  we  have— 


41.98 


=  3.50; 


G4.3 


>6.43; 


51. .19 
Iti    ° 


■  3.42, 


r  J50  atomg  carbon,  643  atoms  of  hydrogen,  and  342  atoms  oxygen.    Now 

I  i»  evident,  in  the  first  place,  that  the  hydrogen  and  oxygen  are  present 

I'lrly  in  the  profiortions  to  form  water,  or  twice  as  many  atoms  of  the 

aar  as  <>f  the  latter.     Again,  the  atoms  of  carlion  anil  hydnigen  are 

r*orly  in  the  proportion  of  12  :  22,  so  that  the  formula  f|,Hj,l>,,  appears 

I  lik«ly  to  be  correct.      It  is  now  ea.iv  to  see  how  far  this  is  adniissilile,  by 

l»wl[ouliig  it  back  to  100  parts,  comparing  the  result  with  the  numbers 

Ti'on  by  tlie  actual  analysis,  and  olwerving  whether  the  difference  falls 

*"ly,  in  direction  and  amount,  within  the  limits  of  error  of  what  may  be 

[  Vrnini  a  gooii  experiment,  viz.,  two  or  three-tenths  per  cent,  tirficiencg  in 

I  *li«  carUm,  and  not  more  than  one-tenth  or  two-tenths  per  cent,  exceti  iu 

•ke  hyilrogen : — 


I 
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Ciirtinn 

ll.v.li..-.. 


12  X  12  =  144 
1  X  2-J  =    23 

u;  X  11  =  ivi! 
342 


342:  144  =  10*1:43.11 
342  :  222  =  UK»  :  G.43 
342  :  17«  =  100  :  <il.4« 

To  determine  the  molecular  formula,  BererkI  consideration!  mstt 

taJcpn  into  acoouiit.  usmely,  the  ooiuloning  <>r  -  ''I,. 

]K>iiu>l,  if  it  is  acid  or  basic;  the  huiuUt  of  n 

■iK-nts  (generally  liydrogen)  which  may  bo  r.  , .    ■ ..     ... 

the  law  of  even  numbcra,  which  require.s  that  the  sum  of  the  nu 
Atoiiu  of  all  the  porissad  elements  (hydrofjen,  nilrot;eii,  rhlori 
contained  in  the  eoni|K)uu<l  bhall  l>e  divisible  by  2;  and  (lie  vapors 
of  the  compound  (if  it  l>e  volatile  without  d«oom]io«ition)  whl''h,  I 
mally  constituted  compounds,  is  .ilways  half  the  mulceulm 

The  molecular  fnnunla  ui.ny  either  ailncide  with  the  • 
or  it  may  !«?  a  multiple  of  tlie  latter.     Thus,  tl  'i  no 

is  expressed  by  the  formula  ('11,1  >,  which  exl  'irt  I 

of  the  three  elements;   but  if  we  wont  to  eipr  .      :..     , ..'.ii«  of  J 

In  atoms,  required  to  make  up  a  moliH-iile  of  acetic  acid,  we  hava  I 
the  formula  C,H,0, :  for  only  one-fourth  of  the  hydn>|;eii  in  this 
replaceable  hy  metals  to  form  salts,  (',lljK<~),,  for  example:  a: 
delisitv,  oompareil  with  hydn«]|;en,  is  nearly  30,  whieh  is  half  tr  f 

themolecule.C  ll,(),  =  2Xl2-|-4xl  +  2xl«.    '  »l 

of  iHMUene  is  Cli ;  but  tliiii  cunluin.t  an  uneven  ; 

moreover,  if  it  expressed  the  weight  of  the  m>il>  >  ui.-  .i  i».  nt.  i; 

12+1 
density  of   that   compound  should  bo  — s —  ^  C.5,  wherea.' 

shows  that  it  is  six  limes  as  great,  or  etiual  to  39:  henoo  the  BoImuIu 
formula  of  benxene  is  ''ill,. 

Organic  at'ids  and  salt-radicles  liara  their  molecular  weights  nv 
quently  determined  by  an  analysis  of  their  lead  and  silver  i.ilti.  1,y 
lug  these  latter,  with  suitable  procautioiis.  In  A  thin   |" 
and  noting  the  weij;lit  of  the  lead  oxide  or  melnllio  silvn 
the  lead  oxide  l>e  uiixixl  with  Kl"''"les  of  rcduciil  mi-tal,  ili. 
the  Iatt<<r  must  he  ascertained  by  dissolvini;  away  the  iixid<' 

aci<l.     Or  the  lead  salt  Itiay  be  ixitivcrli-il   Int.      ..i.  i     • 

oompouMil  into  chloride,   ami    liotli   melals   II 

base,  on  the  contrary,  has  its  iiioleculir  weiglii 

quantity  of  a  mineral  acid  or  orgauic  salt-railiele,  requlrtHl  la  fonn  will 

a  cum|Niund  having  the  eharaett'rs  of  neutrality. 

The  rnliniinl  and  conititutional   furuiuUn  of  organio  compoaoda  wilt 
oonsidenvl  further  on. 

It  Is  si  Bre«dy  necrssary  to  o).  ",   •  *'       ,:.''•' 

deteriuiuing  tlo.  iMiipirical  ntil 

from  llie  results  of  itM  analyai.',  .^    ...   j ,..    ,.  , 

oheiuiual  ruaotivuii,  aru  equally  ai'pltcabla  to  Inorgiuiie  coaipoujuU 
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russrpicATioN  op  organic  compounds.— organic  series. 

'I'^ifirAlion  of  organic  cnmpouniia  is  based  upon  Uu*  i)iiantivalence 

I'y  nf  mrbun.     Tliiii  elt*iiirnt  is  a  t«tra<l,  Ix^ing  rapalile  of  uiiitiug 

'iir  atum^df  liyilrogeiior  other  moiiatoiuicrlemfnts.  Mothaue 

«i  ("U,,  is  tlii-rffor«  a  snturatcii  hydrocarlKJii,  imt  capalilc  of 

III.  ly    with  vliUiriile,   broMiine,   or  othur  monad  I'lvinents,   but 

Dv  '(jing  a  part  or  th«  whole  of  its  liydrogeii  for  au  e<{iiirah'ut 

HUA1--         :      , 't her  monad  ek'iumit.    It  may,  however,  a«  already  explained 

(p.  ^37;,  lake  up  any  number  of  dyad  elements  or  rndioleg,  becaune  such 

«  nAW\e  iutruduoed  into  any  group  of  atoniit  whatever,  neutralizen  one 

unit  of  equivalency,  anil  a4lda  another,  leaving  therefore  the  oombining 

inpaiity  or  wjuivaleuce  of  the  group  ju»l  the  same  as  before.     Aeeordingly, 

t)if>  hydrocarbon,  CH„  may  take  up  any  number  i>f  niolecules  of  the  biva- 

Iriit  radicle,  CU^,  thereby  giving  rise  to  the  seiiea  of  saturated  hydro- 

CArbona, 

Oil.,      c,u..      c,H„      r.H,,, .  .  .  c„n,.+,. 

L»<<tI«i  of  eomponnds,  the  terms  of  wliioh  differ  from  one  another  by 
,  t*  called  a  homologous  series.     There  are  many  such  series  hv- 
ttiat  of  Uie  hydro<-arbons  Just  mentione<l  ;    thus  methyl   chloride, 
,  £iv<»,  by  continued  addition  of  L'll,,  the  serii-s  of  chlorides, 

CUjCl,         C.IljCI.         C,H,CI,         C,H,C1  .  .  .  t;il,„+,Cl : 

[from  methyl  alcohol,  CH4O,  is  derived  in  like  manner  the  series  of 
Bkiguus  alookoU, 


CH.O,       CjH.O,       c,n,o. 


C.H„0  .  .  .  C.H^  +  ,0. 

I  terms  of  the  same  liomologous  series  resemble  one  another  in  many 
rta,  exhibiting  similar  transformations  under  the  action  of  given  re- 
Its,  and  a  regular  gradation  of  jiroperties  from  the  lowest  to  the  highest; 
t,  of  the  hydrwarlxins,  l"„ll,„+,,  the  lowest  terms  I'll,,  (',ll„  and  Tjll,, 
ga^euuB  at  ordinary  temperatures,  the  highest  containing  20  or  more 
un   atoms,  are  solid,  while  tlie   intermeiliate  compounds  are  liquids, 
aing  more  and  more  visoid  and  lees  volatile,  as  they  contain  a  greater 
bber  of  carbon  atoms,  awl  exhibiting  a  constant  riseofaliout  'iH^V.  (3(P 
[in  their  boiling  points  for  each  addition  of  CU,  to  the  molecule. 
T»»  saturated  hydrocarbons  C„I1„^,  may,  under  various  circumstances, 
prive<l  of  two  atoms,  or  one  molecule,  of  hydrogen,  thereby  produuiug 
homologous  series, 

CH,.      c,n.,      c,H.,      c.n, .  .  .  c.h^. 

>  are  unsaturated  moleonles,  having  two  units  of  equivalency  uncom- 
lii«>l,  and  therefore  acting  as  bivalent  radicles,  capable  of  taking  up  2 
'i'"i«  of  chlorine,  bromine,  or  other  univalent  radicles,  and   1   atom  of 
T  other  bivalent  radicle, 

:  r«t  term  of  this  last  spries  cannot  give  up  2  atoms  of  hydrogen 
"lit  lieini;  reduced  to  the  atom  of  carlxm  :  but  the  remaining  terms 
I  i<acb  give  up  2  atoms  of  hydrogen,  and  thus  give  rise  to  the  series, 


c,n,.      c,H„      c.ii, .  . 

of  which  is  a  quailrivalcnt  ro/iliclo. 


C..IU, 


I 
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And,  in  like  numner,  b^  snooegBive  abstraction  of  H,,  a  number  of  ha 
logouii  Borieij  may  bu  furuiwl,  whose  general  tfrnu  are 


t:."..+.. 


C„U„ 


c„n„_., 


c.u.„ 


cto. 


The  individual  serius,  as  far  as  C,,  are  given  in  tbe  following  tabU,  j 
gether  with  tliu  naiuea  proposed  for  tbom  hy  Dr.  Uufuuum  :* 


CH. 
Methane 

c,n, 

Elbsne 


cm. 

Methece 
Etheue 


Etblaa 


0,H,  C,H,  C,H.  CH, 

Propane    Propene    Proplae    Propone 

C,n„        C.H,  C.H.         C.H.         C.H, 

Quartan*  Quartene  Quartlne  Clunrtone  Qiinrtune 

C,U„        G,II„        C,H,  C,H.        Cll. 

Qulutaoe    Qulateoe  Qalntioe  Qululoue  ^ulntune 


Seitaue 


C.H„ 
Sexteoe 


C.H.0 
Si;  a  tine 


C.H, 
Sextone 


Sextuue 


C.H, 


C.H, 


S&ch  vertical  column  of  this  table  forms  a  bomologoua  series,  inwk 
(he  toriuK  differ  by  CM,,  and  each  horizontal  line  an  isologotiH  seril 
in  which  the  successive  terms  differ  by  H,.  The  liodies  of  the«e  last  I 
are  de-signated  as  the  monocarbon,  dicarbim  group,  etc. 

The  foniiuIiB  in  the  preceding  talile  represent  hydrocarbons,  all  ofwbll 
are  cipable  of  existing  in   the  separate  slate,  ami  many  of  which  bsi 
Iwen  actually  olitainiMl.     They  are   all  derived  from  saturateil  molecuh 
C„n,„4,,  by  ahstractioii  of  one  or  mure^irt  of  hydrogen-atoms. 

But  a  saturatui  hyilrt>carboii,  CII4,  for  example,  rimy  give  up  1,  2,  3, 
any  number  of  liydrogm-aloms   in   exchange  for  otli<'r  elements;   thl 
loarsh  gas,  Cll„  sulijecte<l  to  the  ai'tion  of  chlorine  under  Tsrioos  cir 
Btauoes,  yields  the  substitutiun-products, 

CH.Cl,        CH,C1„        CHC1„        CC1«, 

which  may  be  regarded  as  compounds  of  chlorine  with  the  radicles, 

(CU,)',         (CU,)",         (CH,)'".         C"; 


and  In  like  manner  each  hydrocarbon  of  the  series,  C,H,„-f- 
a  series  of  rB<liclea  of  the  forms, 


a'.H,.+  ,)',      (C„n,.)",      (C.H,.-,)'", 


mqr  ; 
(C.H,.-,)!',  etc.. 


I 


each  of  which  lias  an  equivalent  value,  or  combining  power,  corrpApon 
with  the  numlier  of  hydrogen-atoms  abstracted  from  the  original  h\< 
oarlKiii.     Those  of  even  equivalence  cxinlaiii  even  numl)en(  of  hydrog 
atoms,  and  are  identical  in  composition  with  those  in  the  almve  tab 
but  those  of  uneven  equivalence  ounlain  odd  numlwrs  of  bydrogen-at 
and  are  ineapahle  of  existing  in  the  separate  state,  except,  perhaps,! 
double  molecules  (p.  237). 

These  liydrocarlKin  radicles  of  uneven  equivalence  arc  desl^ated  j 
names  ending  in  yl,  those  of  the  univalent  radicles  lieing  formed 
methane,  ethane,  etc.,  by  changing  the  terniinalinn  one  into  y'.'  thos« 
the  trivalent  radicles  by  dianging  the  final  <  in  the  namis  of  the  bival^ 

*  ProeeeillnRa  of  the  Royal  Society,  xT.  67.  Name*  with  Oreek  preHxea 
however,  more  Kenemlly  uneil:  t.  g^  peataoe,  hexaoe,  aad  beplane,  rather  ' 
quiathae,  sextaiie,  and  aeptaae. 
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I,  mctbrne,  «to.,  into  ^;  and  aimilarljr  for  the  rasU 
ItoiU;  xrrits  will  tliereforu  bu  as  foUown  : — 


The  names  of 


(CIL)' 

rtRyi 

Fropjl 


(CH-)" 
Uetheoe 

Ethcae 

Pnjpcue 
ele. 


(CH)'" 
Metbeoyl 

(C.H,)'" 
KtiieQyl 

(C',",)'" 
Fropeoyl 


(c,H0"  (cno* 

Kihioe     Ethinyl 

(C.H.)"  (C.H,)'  (c.n,)'<  (c,n)"« 

Proplue    Fropluyl   Prujioac  Propuuyl 
(ftc.  etc. 


¥mjn  these  hydrocarlioii-riKlicU'S,  callisl  alcohol-radiolc!i,  lx'eaus<>  thvy 
mn  iuto  llie  c<>ia{>usition  u(  alcuhols,  othcra  of  the  Hamu  dt-grtv  of  tiquiva- 
1   In.'  df rivi-d  by  partial  or  total  replacciiiont  of  Ihu  livdroj,''^"  by 
uii'uts,  or  compound  radicle«.     Thuu  from  propyl,  C'lUf,  may  be 
...  :U<:  tollowing  univalent  radicles  : 


c,n,n 

lOhloroprupyl. 


C,H,C1.        C.H^O 
Tetmchloro-  Oxypropyl. 
propyl. 


C,H,CI,0 

Trichlor- 
oxypropyl. 


C,H,(CN)' 
Cfaoopropyl. 


,(N0^        t^H.(NH,)0        C,H.(CH,)        C,U,(C,n,), 
ipropyj.     Amidoxypropyl.    Metliyl-propyl.     Dleliiyl-propyl. 

radicles  above  mentioned,  all  well-define<l  organic  wiupounds 
BivhijuppoHed  to  Iw  formed  by  combinntioii  and  aiilnititiitiou,  each  rndicdi 
twin);  into  ixjmbination  just  like  an  elementary  Ixxly  of  the  aaiue  degree 
•f  quiuUvalenoe. 
iJnpinio  conipoands  may  thna  be  arranged  In  the  following  classe*  : — 
1,  Hydrocarbons  containing  even  numbers  of  hydrogen 
>t«Bi. — These  are  the  compounds  tnbninteil  onpnge  47B  ;  they  are  norae- 
liaa  regarded  as   hydrides  of  radicles  uontainlng   uneven   uuiubcrs  of 
kfinpm  atoms,  c^., 

Methane,  CH,  =  Cn,.H    Mettiyl  hydride. 

1  Haloid  Bthera. — Compounds  of  hydrocur>xma  with  halogen  ele- 
■"BU,  ..jr., 


cn.CT 

Methyl  clilorlde. 


c.,n.nr, 

Ethoue  bromide. 


C5H5I, 
Propcnyl  Iodide. 


|}.  Compounds  of  hydrocarboua  with  nitryl,  NOj  (the  radicle  of  nitric 
^  N0,.OU),  t.ff., 

CHj.XO,  C,n,.(NO,), 

Nltro-methuie.  Dlnftro-mcthcnc. 

Amines  and  Nitrils. — Compounds  of  aluohol-radiclcs  with  ami- 
1  (.MIJ,  imidogen  (NU)",  and  nitrogen  (N"')  :  e.g., 


C,Hj.Nn, 
Blliytaailaa. 

C,H..(Nn.), 
Elheoe.dl«mlne. 


(C,H,),.NH 
DlrthytHmloo. 

(CH,),(NH), 

Dietheue-UUmine. 


Trielhylamlne. 
Trletheoe-dlamine. 


4»r  iKMlifB  are  uioslly  of  basic  character,  and  capable  of  forming  salts 

Iwidn,  like  amiuonia,  H,N,  from  which  they  may,  in  fact,  !«■  derived 

^•ololiliitiou  of  aluoUol-radiclea  for  part  or  the  whole  of  the  hydrogen. 

rhioh  the  hydrogen  is  wholly  thus  replacwl  are  oalUvl  nitrils; 

among  tlie*«  sjiccial  mention  must  be  made  of  a  gri>up  consisting  of 

leomliined  with  a  trivalent  hvdroo&rbon-radicle,  such  1 


((•H)N 

Hrthruyl 

oltril. 


Etheiiyl 
nlUU. 


(f,H:,>N 

Propriiyl 

nltrll. 
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These  nitriU  have  no  basic  properties,  but  are  all  noatral,  esoept  I 
first,  which  ia  a  uiuDobasic  acid,  capable  of  uzchaDging  its  hyiin>g«rn  j 
metaU,  aud  this  cliaracter  may  be  rogardvd  a«  a  cumpouud  of  liydr 
vitli   the  equivalent    radicle  cyanogeu  — C^zN  ;   it  is  accordingly  tii 
hydrogen  cyanide,   or   tiydrocyanic   acid,  and  the  other  niS 
homologous  witli  it  are  the  ethers  of  this  acid ;  thus  : 

Mfthenyl  nitril,  (('H)N  =  ON.U,  Hydrogen  cyanide, 
Ethenyl  nitril,  ((.;,»,)N  =  CN.CH,,  Methyl  cyanide, 
Fropeuyl  nitril,  (C,H^)N   ^  CN.C,Ilj,  Kthyl  cyanide. 

By  the  combination  of  amines  with  the  chlorides,  hydroxides,  etc.,1 
alcoliol  radicles,  compounds  are  formed  i«ntaining  pentad  nitrogru, 
having  the  composition  of  ammonium  saltA,  in  which  the  hydrogen  ii  i 
or  less  replaced  by  alcohol  radicles  ;  thus  : 

NXCjHj)!!,!'!,  Ethylammonium  chloride, 
N(C,Uj)jlI,('l,  Dielliyluiuiiiouiuiii  cliloride, 
N(C,llj)jll('l,  TriethylummoiiiuDi  chloride, 
N(C,H5),t'l,  Tetrethylaiiiiiioriiuiii  chlnride, 
N(C,Hj),OH,  Tetrethylammuuium  hydroxide. 

This  last  compound  and  its  analogues,  containing  methyl,  ai^yl,  rt«.,  I 
powerful  alkalies,  obtainalile,  by  pTajKiration  of  their  aqueous  solution,! 
white  deliquescent  crystJilline  masses  resembling  caustic  potash. 

Analogous  to  the  amines  are  the   phosphinea,  araines,  and  il 
bine8,^-e.^., 

(C,H,),.rn  (C,H,).A8  (C,H,)Sb 

DIetbyl-phoaiiliioe.        Trietnyl-anilne.         Trlelhyl-ntlbtaa, 

E.  Alcohols. — Compounds  of  hydrocarbons  with  hydroxy!  :  t.g,, 

C,H..OH  r,n..(()ll),  t',!Ij.(<)»), 

£thyl.alcohoL  Elhene  jilrohot  Propenyl  alcoliol 

(Olycol).  (Olyc«rioe) 

6.  The  replacement  of  llie  hydroxylio  hydrogen  in  an  alcohol  by  htdrs- 
carlxjn-radiclos  (alcohol-radicles),  or  oxygenated  hydrocarlwn  railiil'"' 
(Acid  radicles),  gives  rise  respuutivoly  to  oxygen-ethers  and  c»ii 
pound  ethers,  e.g., 

c..H,.o.r,H,  c..H,.o.cH,  c.n.o 

iftbyl  oxlile.  Bthyl-mrlhyl  Elhcue  ox 

oxkile. 

C.H..O.C.H,0  C,H,<[;,'^^„^o  C.H.<f^^'j|.0 

Ethyl  acetate.         Ethene  iuoQO-aoetat&         Etbene  tll.«eelate. 

1.  Bnlphnr  and  Selenium  Alcohols  and  Ethers. — f/oiiip^uD 
analogous  to  the  oxygen  alcohols  and  ethers^-tlio  oxygen  bcring  rrpli<«^ 
by  sulphur  or  selenium.  The  sulphur  and  selenium  alcohols  are  call"'" 
meroaptans. 

8.  Compounds  of  hydrocarbon  radicles  with  rarioua  elements,  nwtalU* 
and  nou -metallic  :  e.  g,, 

NaC.n,  Zn(C,H,),  Bn(CH,), 

Soillum  ethlda.  Zlao  elblde.  Stannic  mcthld^ 

iKr.H.),  Pi(c,n.)4 

Trletbyllo  boride.  Trtretliylla 

■lllclile. 

Thoae  containing  metals  are  called  Organo-metallio  Compon? 


Elbcue  oxlda. 


t 
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pi  d  e  h  r  d  (■  B . — Tompnunds  intermediate  between  aloohols  and  aoidit. 

r  11,0  C,H,()  C,H,0, 

Ethyl  Acelto  Aeetla 

mleohol.  Aldehyde.  acitl. 

ralone*  . — Bodies  derived  from  aldehydes  by  the  replacement  of  1 
kof  h/drogen  by  an  alcohol-radicle  :  e.  g.. 

Acetone,  C,H,0  =  C,FI,(Cn,)0. 
:anio  Acids. — Comjioumia  of  ozyguuated  radicli«  with  hydroxyl ; 

c,n,o.no  (c.n,o,)(HO),  (c,ii50,).(H0), 

Aeetir  rwld.  Succinic  aelil.  Cilrlo  *eid. 

hrdrogen  in  the  radicles  of  these  acids  may  be  more  or  Itrss  replaced 
kinne,   bromine,    nitryl,   aniidogen,   etc.  :    thus   from  iKmzoic  acid, 
,0.0U,  are  derived  : 

C■^H/•10.0H  aH,(NO,)O.OH  C.H,CNn,),0,OH 

dUo  robe  mole  Nltrobeniulo  acid.  lilamidobeniola 

acid.  ncld. 

II.  ioid  Halidos,  also  called  Chlor-an hydrides,  Rroman- 
f4ridei,  etc. — Compounds  of  oxygenated  railiileji  (acid  radicles)  with 
ikpa^eicmenls,  and  derived  from  the  acids  by  substitution  of  those 
I  for  the  hydroxyl ;  t.  g., 

c,n,o.ci  C,H,0,fl,  C,H50,.C1, 

Acetyl  chloride.        Succloyl  chloride.         GItryl  chloride. 
H  Acid  Oxides,   sometimes  called  .ilnA^vfrouj  AddM  or  Anhydridtt ; 

^  (C,H.0).O  C.H.0..0  c;h*o}" 

^^  Aeetie  oxide.  Buccinio  acid.  Acetl-Dcnzolo 

oxide. 

des. — Compounds  analogous  to  the  amines,  but  contnining 
instead   of    aleohol-radides :    thoKu   which   contain    bivalent 
bined  with  imidogeu,  ^U,  are  uallud   iiuiUus  ;    e.  g., 


I 


I^Rbl 


^oettmide,  C,H,O.NH, 
OiMitamide,  (<',H,U),.NH 
S««eimaide,  CJI«0,.NH 


Suceinnmido,  C,II,0,{NH,), 
Trisucciiiamide,  (t-',ll,0,),N, 
Cilramide,(C,ll,0,)N 


beh  of  the  classes  of  carbon   compounds   above  enumerated   may  be 

tiled  Into  homologous  and  isologous  series,  though  in  most  cases  tiieso 

iei  are  far  from  l>eing  complete. 

'nrther,  organic    LX>iup^)unds    may  be   divided    into    two   great  groups, 

led  the   Fatty  and  Aromatic  groups,  each  inchuliiig  liytlrocarbons, 

>hoU,  acids,  bases,  etc.,  those  of  Iho    llrnt    group    heiiig   cicrived    from 

Ihanu,  CII„  and  those  of  the  second    from    benzene,   CslI,.      The 

wsjiondiug  oompouiuU  in  these  two  groups  are  distinguished  from  one 

ther  by  well-raarked  characters,  supposed  to  depend  upon  the  arrange- 

it  of  the  carbon-atoms  in  their  molecules. 

'he  preceding   claasc«,  most  of  which  have   their  analogues  amongst 

Eilc  oomjiounds,  include  nearly  all  nrtificially  prepared  organic 
and  th.>  majority  of  tlioHe  pro<iuei'd  in  the  living  organism.  There 
11,  however,  many  compounds  formed  in  the  lH>lie8  of  plants  and 
mall,  the  chemical  relations  of  which  are  not  yet  sufficiently  well  made 
41 
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and  dcoompoaiUon or  ompcmna*,  and  tlio  nMntion  which  allied  oo 
boar  to  one  anolhur -.  hence,  if  a  eomiioiiud  inn,  under  varying 
6tanc4>s,  split  up  inUi  dilTerent  atomic  gmupii  or  rodiilea,  orif  ] 
formed  in  variouH  wnys  hy  the  cuinbiuation  of  such  radicles, 
rational  fomiulie  must  Im-  assigned  to  it.  This  point  haa  beei 
notitied  in  uonnectiun  with  the  constitution  of  metallic  salt*,  a 
tratod  especially  in  the  case  of  the  sulphates  (p.  ^i^fi);  but  orgi 
pounds,  which,  for  the  moKt  part,  contain  larger  uumbi'M  of  at 
are  therefore  capable  of  division  into  a  greater  number  of  groaj 
much  more  abundant  illustration  of  the  same  principle.  Takt 
ample,  acetic  aciil,  the  luolet^ular  formula  of  which  is  C',II,0,.  ' 
bo  resolved  into  the  following  rational  formulio: — 

1.  C,I1,0,.I1. — This  formula,  analogous  to  that  of  hydrochlo 
Cl.tl,  indicates  that  a  molecule  of  acetic  acid  can  give  up  one  ate 
drogeii  in  exchange  for  a  univalent  metal  or  alcohol-radicle,  for 
oicaniplc,  soiiium  acetate,  C,lljO,,Na,  elhyl  acetate,  C,H,O.C,H,,  f 
two  molecules  of  the  acid  may  give  up  two  hydrogen  atoms  in  ( 
for  a  bivalent  metal  or  alcohol-radicle,  forming  barium  aoetate,  (C,I 
otliene  acetate,  (CjU,0,),.(C,H,),  etc.  ;  in  other  words,  that  aoet 
a  monobasic  acid  (p.  285). 

2.  C,H,U.1K>. — This  formula,  analogous  to  that  of  water,  H.l 
cates  such  reactions  as  the  formation  of  acetic  auid  from  acetio  oh 
the  aulion  of  water  : — 

C,H,0.C1  +  H.HO  =  Ha  f  CjHjO.nO,       fl 

3.  C,H,O.H.O. — This  formula,  also  comparable  with  thatof  walei 
indicates  the  conversion  of  acetic  acid  into  acetic  chloride,  by  the 
phosphorus  pentachloride  : — 

C.H.O.U.O  -f  PClj.Cl,  —  C.H.O.Cl  -f  HCl  -f-  PCljO; 

also,  the  fonnation  of  thiacoUo  acid,  C,H,O.H.S,  by  tho  aotioa 
ph<irus  peutosulphido  on  acetic  acid  : — 

5(c,n,o.u.o)  -f  p,s,  =3  s(c,u,o.n.8)  +  p.Oj, 
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ft.  Tba  pradttction  of  metliane  (marsh-gas)  br  heating  potassiom  aoe- 
!■•  vith  excess  of  potassium  h,vdroxiil«  (p.  105). 

CO.CHj.KO     +     HKO     =     CH,    -f-     (CO)".(KO),. 
PoUatlum  aoetstc     Potxtitum      Methane.  Fotaialum 

hydroxide.  carbonate. 

>.  The  prmlnc-tion  of  aoetonu  and  barium  earboiiat«  by  the  dry  distUla- 
Vm  of  bari  um  acetato  : — 

(CO.Cn,),.BaO,  =  (CO)(CII,),  -I-  (CO).BaO,. 
Barium  acetate.  Acetone.  Onrlum 

earboDate. 

Kov,  oa  oamparing  theao  Bcveral  rational  formula,  it  will  be  leen  that 
l^ir  an  all  iuuluded  under  the  oouatitutional  formula, 


ta  which  th»  molecule  u  resolvtsl  into  its  (xnnponent  atoms,  and  thiise 
Uoma  sr«  grouped,  aa  Car  as  pus^iblK,  acoording  to  their  iliffen'Mt  i-qiiiva- 
Ixidea.  or  onnbining  capacitit<s.  Thvse  constitutional  fomiulie  are  the 
approach  to  the  rupresentation  of  the  true  constitution  of  a  cnm- 
that  ortr  knowledge  of  its  reactions  (.-naiiles  us  to  give  :  but  the 
t  cannot  too  carefully  bear  in  niiiul  that  llioy  are  not  intended  to 
t  the  actual  arrangement  of  the  atoms  in  space,  but  only,  as  it 
their  relative  mode  of  combination,  sliowing  which  atoms  are  com- 
rtbcr  directly,  and  which  only  indirectly,  that  is,  through  the 
others.  Thus,  in  the  funuula  of  acetic  acid,  it  is  seen  that 
'ihe  hydrogen  atoms  are  unitol  directly  with  the  carlxm,  while  the 
IS  UTiilwl  to  it  only  through  the  medium  of  oxygen  ;  that  one  of  the 
'©xygi-n  atoms  is  combined  with  carbon  alone,  the  other  both  with  car- 
and  with  hydrogen;  and  that  one  of  the  i«rl>on  atoms  is  I'omliined 
the  iither  carbon  atom  and  with  hydrogen  ;  the  second  with  carbon 
with  oxygen.  .Abundant  illustration  of  these  principles  will  be 
by  the  special  descriptions  of  organic  compounds  in  the  following 


Zaomarlsm. — Two  oomponnda  are  said  to  be  isomeric,  when  they  have 

tl^aaius  empirical  formula  or  percentage  com)>ositiiin,  but  exhibit  different 

I  Jnpertica.     A  few  examples  of  isomerism  are  met  with  amongst  inorganic 

inda  ;  but  they  are  much  more  numerous  amongst  organic  or  carbon 

t|>i>ands. 

'    neric  bodiM  may  be  divided  into  two  principal  groups,  namely : — 
[a.— Those  which  have  the  same  molecular  weight;  and  these  are  sulv 

,  into  ;— 

'■•tfomorio  bodies  ,  strictly  so  called,  namely,  those  which  exhibit 
nibcdas  decompositions  and  Iranaformntiona  when  heute<l,  or  subjected 
tinn  of  the  same  reagents,  and  differ  only  in  physical  properties. 
I  he  case  with  the  volatile  oils  of  turpentine,  lemons,  juniper,  etc., 
>'i'if  which  have  the  comp<«ition  C,„H,„  resemble  each  other  closely  in 
''"'ir  chemical  reactions,  and  are  distinguished  chiefly  by  their  odor  and 
Itfir  oitinu  on  polarizi-d  light. 

'■  Mftameric  bodies,  which,  with  the  same  percentage  compoai- 
•^■n  »nd  molecalar  weight,  exhibit  dissimilar  transfonnations  under  simi- 
Iw  clroomatanoea.    Thus  the  molecular  formula,  C,U,0„  rapresenta  three 


TlieMt*  tUr«'*'  fiHiijKMiuils  Uiuy  liti  r«^pr»i*rultHi  hy  lliti  fiiilowiug 
tioual  fitrmulit',  tlu^  ilutti'd  liuc^  marking  tliu  division  iuto  ra ' 
cated  by  tlie  rational  formulis  above  givuu  : — 


\- 
H,C  - 

0  =  L'-U) — H, 


H.C: 
0=zC—O—CU., 


II 

0=C— 0 


I 

I 

1 


Proplonlo  neiil.  Melhfl  «e«l*te.  Ethyl  formiit^ 

Anoth«r  kind  <»f  metamerism  is  exhibitwl  by  tlip  normal  and  iat 
and  tlifir  di-risnlivi-s,  tin)  strneturo  nf  wliiuli  will  be  explained  I 

B. — Ciiiujjtmnda  wbicli  have  the  same  perceiUaf;e  rompusition, 
in  lU'ileiiilar  weij^ht;  Biich  bwlien  are  cnlle<l  polymeric.  ' 
striking;  ex:uu|;l«  of  (Kilyinerism  is  exhibited  by  the  hydrocarbo 
all  of  >i  bich  are  multiples  of  the  lowest,  namely,  niethene,  CH,. 
example  is  atlonted  by  ivrtiiin  natural  volatile  oils,  which  are 
with  oil  of  turpentine,  C,jll,„  and  have  the  fonnulip,  C^H,^  C 
All  polymerit;  compounds  exhiliit  regular  gradations  of  Imiliiig  po 
density,  and  other  physical  oharaetcrs,  from  th«  lowest  to  the 
Some  are  ebemlcally  isomeric,  exhibiting  analogous  transformath 
similar  circumstances,  while  others  are  luetameric,  exhibitU 
reactions  under  given  circumstauctss. 


tlBM 


PHYSICAL  PROPEUTIKS  OP  CARBON-COMPODJJDS. 

1.  Denalty  and  Speotfio  Volume  — It  lioa  been  already  p< 

(p.  22>»)  Mini — with  n  few  apparent  exceptions  depending  on  d 
tiou  or  dissmiution  at  high  temperatures — the  densities  of  all  « 
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specific  Tolame*  of  liquids  sre  oomparsbla  only  st  those  tempert- 
rhich  their  vapor-teusioas  are  equal,  as  at  the   boiling  {lOints. 
» molecular  weights  are  coiupurevi  willi  iht^  Jendilies  at  e<|ual  teuipe- 
,  no  rvgular  r<:>latiuni>  can   be  perueired  ;    but  when  ttiu  same  eom- 
is  maiie  at  the  boiling  puinta  of  the  respective  liquida,  several 
C3)i!f  laws  become  apparent.     The  density  of  a  liquid  at  itti  boiling 
>  be  ascertained   by  direct  experimout,  but  when  the  density 
>'iint,  «ay  at  15. &0  C,  has  been  determined,  and  the  rate  of  ex- 
ir,  aIto  known,  the  density  at  the  boiling  puiut  may  l>e  calculated. 
al  important  of  thene  relations  are  the  t(ill(rwing  : — 
homologous  series  a  didereuce  of  CH,  In  the  composition   answers 
kdillerence  of  22  in  the  specific  volume  ;  thus  : 

Dlffereooe. 

22 

22 

22 

22 

B<QC«  it  follows  that  the  group  CH,  has  the  specific  volume  22.  ^_ 

The  subslitatiiin  of  1  atom  u(  carlKjii  for  2  atoms  of  hydrogen  makes 
alteration  in  the  speeific  volume  of  a  liquid  compound  : 

SIol.  Wt,    SpeeiBo  Volume. 
Octane,  C,H,,  114  187 


Formic  acid, 

CH.O, 

Molrculxr 
Weight. 

40 

Speclflc 
VuluuiL*. 

42 

AoKic  acid, 

c,u,o. 

60 

64 

Propionic  acid 
Butyric  acid. 
Valeric  acid, 

C,»,0, 
C,H,„0, 

74 

88 

102 

86 
106 
130     ! 

Cymeue, 


C,«U„ 


134 


187 


on 


Bthylic  ether,  C,H,„0  74  106.8 

Phenol,  C,U,0  94  106.8 

5ow,  since  the  specific  volume  of  CH,  is  22,  and  that  of  1  carbon-atom' 
h  the  same  as  that  of  2  hydrogen-atoms,  it  follows  that  the  specific  volume 
(or  stomic  volume)  of  carbon    is  11  and  that  of  hydrogen    5.h. 

Calculating  in  a  similar  manner  the  specific  volume  of  oxygen  in 
TirioDs  carbon-compounds,  it  is  found  that  this  element  has  two  speciflo 
<*  atomic  volumes,  according  as  it  is  united  by  lioth  its  units  of  affinity 
t*one  carbon-atom,  as  in  the  group  C"=0,  in  which  case  its  specific  volume 

bl2.2;  or  to  two  different  atoms,  in  methyl  alcohol,  0<^  ',  and  methyl 

lib^v,   0'^7-u*  I  >"  <7hich  case  the  specific  volume  is  7.8.     In  acetic  acid, 

CH, 

I  ,  the  0-atom  which  is  connected  with  a  carbon-atom  alone 

C— O— H 

the  specific  volume  12.2,  while  tliat  joined  to  liolh  C  and    II  has  the 
•ftedfio  volumes  7.8.     If  this  compound  be  represented  as  acetyl-hydroxide, 

^^  \  0,  or  ^»'^»J]  J  0,  that  is  to  say,  as  water  in  which  1  atom  of  hy- 

drojeii  is  replsfwd  by  the  radicle  acetyl,  C,H,0,  we  may  say  that  the  spe- 

etlir  volume  of  the  intra-radical   oxygen  is    12.2,  and   that  of  the  estra- 

taitiral  oxygen  7.8 
Tlie  «|>e<:iflc  volume  of  dyad    sulphur    varies  in  a  similar  manner, 
•ng  i8.i!  or  33  accordingly  as  the  sulphur-atora  is  united  to  one  atom  of 

aautber  element   by  both  its  combining  units,  or   to  two  separate  atoms, 

thlocarbouic  acid,  „    J  3,,  or  SZ:C<^j_n  ,    where    the    su 
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atuin  anitud  with  the  C  alnne  haa  the  specific  rolnme  28.6,  and  tli«<| 
othvrs,  each  of  which  in  conneotod  botli  with  C  and  U,  have  the  af 
volume  23. 

Tlie  apouiflo  Tolaino  of  nitrogon  in  the  amines,  e,  p.,  H,r— NH,  ( 
Diyl  auiine),  ia  2.3 ;  in  oyanogen-oompoundd,  17  ;  and  in  nitroxvl,  ' 
17.4.  The  specific  rolumes  of  the  hnloTd  elements  are  tliv 
all  thi-ir  c-onijM.un.ls,  vix.,  CI  =  22.8  ;  Br  =  27.8  ;  1  =  37.5. 

Kroiii  llicse  data  the  specilio  volumes  of  compounds  may  be  calcab 
with  very  near  approach  to  the  vulueA  directly  obtained  by  dividing 
molecular  wt-ights  by  the  specific  gravities.     A  comparison  of  theolwer 
and    calculated    values  of    a  few^  compounds    is    given   in   the    foUoi 
Uble  :— 


Formula. 

Specific  Volumei  at  the  BoiliO| 

'PoiaL  ■ 

Substanoe. 

M 

Oaloulated. 

1 

Water    .     .     . 

U,0 

2x5.5+  7.8 

. 

18.8 

18.« 

Met  by)  alcohol 

CU..O,H 

ll+4xr'.5+  7.8 

IS 

40.8 

42 

Ethyl  niculiol . 

C.Hj.O.il 

2xn4-«x'-.54-  7.8 

^ 

«2.8 

62.S 

Acetic  acid 

C,HjO.O.H 

2xa+4x;'>.5+  7.8+12.2 

M 

ai 

Acetime       .     . 

CO(('H,,), 

3Xll+<iX;'-5+             12.2 

sa 

78.2 

77.4 

Butyric  acid    . 

C,H,O.OH 

■tXll+*^X5.5+   7.8+12.2 

^ 

lus 

in: 

Kthyl  at^etate  . 

C,ll,«..O.C,H. 

4xn+hx5.5+  7.8+12.2 

= 

111-     '  : 

Mercnptau  .     . 

C,II,S.I1 

2x11+6x5.5+23 

= 

7> 

Aniline .     .     . 

C,H,.NH, 

tiXll+7x5-5+  2.3 

= 

111.    - 

Ethyl  cyanide 

C,11,.CN 

3x11+3x5.5+17 

=: 

4    . 

Ethyl  nitriilo  . 

<  ..Hj.O.NO, 

2x11  +  5x5.5+17.4+3x7.8 

= 

yii..>  .-'■. 

Chloroform 

ciia. 

U     5x5    +  3.2    2x8 

^ 

H.Hl  t4.! 

Ethyl  briiiuidB 

C,ll,Br 

2x11+5x5.5+27.8 

^ 

77.3  '<!■* 

Ethyi  iodide    . 

C.U.l 

2x11+5x5.5+37.6 

= 

87.0  8M 

MeltiDg  Point  and  Boiling  Point. — Solid  earbon-compoands  ar«  tt 
the  most  part  capable  of  melting  without  decomposition,  and  exhibit  del 
melting  points.  Many  of  those  which  are  li<|uid  at  ordinary  temptrntum 
b<iil  and  volatilize  without  decomposition  under  the  ordiniiry  atwmplK'''' 
pri'SBure,  and  their  boiling  temperatures  are  constant  under  any  (li"* 
pressure.  Many  others,  on  the  contrary,  when  heated  under  the  onliiuirt 
pressure,  decouipose  before  they  boil,  but  some  of  these  are  found  to  bcS 
without  ducom[M>sitinn  under  pressures  more  or  less  reduced. 

(ienerally  speaking,  the  boiling  point  of  a  compound   is   higher  u  M 
constitution  is   more  complex.     This  is  seen  (1)  in  polymeric   co»» 
pounds:  for  example,  formic  aldehyde,  CH,0,  is  a  gas;   but  »i.  i 
CJl.O,,  is  a  liquid  Iniiling  at  1180  C.  (244.4°  K.)  ;  lactic  acid,  (.',11, 
at  2lH>-'(.'.  (HillJi  !.•.)_  hut  at  the  same  time  decomposes  to  a  great  •  • 
and  gra(>e  sugar,  ('«H„0„  is  not  volatile  at  all,  but  undergoes  oompli 
^^mposition  when  strongly  heated. 

"*--4n  the  successive  tenna  of  a  homologous  series,  the  boiling 
>)icc«issivelpr  fur  uv«r^  addilioit  of  CH,.     In  some  cases  ihi 
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taftiiar :  tliu*  in  the  M-ries  of  normal  alcohnb,*  C,H^4^0,  Iha  anc- 


l*«  I  i  the   H-«arbon  alooliol,  ililt  i 

t\f  i  .  auJ  lu  the  uorinal  fatl.v 

)1 ....   - ;  I'i  tliuMxlU  torni  isTerv  ui;u.  .1 ; 

I  l«es ;  aji  sliown  \iy  the  (ullowing  labli* : — 

Alooiioli,  C.Bto+ia 

Ethylic,  C,U,0  78.40C.  (173.10  P.) 

Pnj|iylic,  fjU.O  97°  C  (2O0.tP  F.) 

Bul^lir.  '',H„0  llUOf.   (2+l.B  P.) 

PcQtylic,  C.II„0  1370  C.  (278.t!0  K.) 

Hi-Jcylio,  C.11„0  1.50  eo  c.  (313.90  F.) 

Heiitylie,  <",ll,oO  177©  C.  (350.00  F.) 

(MyVio,  1,11,^0  100^1920  0.   (374-337.80  P.) 

Konylic,  C.H^O  20UOC.  (Sitae  F.; 


l.y 

ii'- 


Add^  0„H„,0» 


Ac-tie,  f'.H.f, 

Propionic,  r,Ujt), 

But%ric,  l',l'»*>3 

Vttl.ri.-,  r:,ii,„o, 

Caprci.,  I-',H„U, 
Oenanlhylii;,  C,H„0 

Rulio,  t"»H„0, 

Pelargouic,  C,U,,0, 


IISOC.  (244.40F.) 
140.<iOC.  (28.'.OF.) 
ll)3.20(.'.   (325.'iOp.) 
l«4..'JOC.  (ISM.lop.) 
204.50  C.  (408.20  F.) 
223-2240  c.  (4;i4.2-435.20  P.) 
232-2340  C.  (•H;».C-4.'i3.20  V.) 
2.13-2540  0  (487.4-4H9.20  p.) 


Wtv.. 


T  rn«i.s,  the  difleronccs  between  the  bailing  points  of  the  sUGces- 

'   of  a  series  decrease  by  a  regular  amount  up  to  u  certain 

vhich  tliey  bueouie  constant.     Tliag,  in  the  normal  paraffiuD, 

.      lilTerenoes  decrease  rp^ul.irly  by  about  4^  C.  (7.20 P.)  till  a 

1.1  .reuce  of  19^  C.  (114.20  p.)  ig  attained  ;  thus — 


I: 
tlf 
lowing 


Butane, 

Pentane, 

Hejianc, 

Heptane, 

Octane, 

Dodecane, 

Ilesdecane, 


C,H„ 
C,U„ 

C,U,. 
C.U,. 

C,.ll„ 


Boiling  polat. 

lO 

3bO 

70O 

99= 

1240 

2023 

27  lo 


Diffrreocc. 

370 
320 
290 
250 
4x  19'^ 
4X  190 


1 1  ethers  and  acetic  others  of  the  alcohol-radicles,  r,^H^4.,, 
-  >if  Ijoiliiig  point  doorcase  by  alxiut  20,  as  shown  in  the  fol- 


RwUela 


*.v.^ 


11.. 


0,11  „ 


Chloride*. 


U.»=0 
106.6^ 


Bromldet, 


list"        71' 

m  7°    ICO  ♦» 

XCP  IKS  7^ 


Iff       WP 


1»' 


1S»8= 
212.7' 
2U3.7" 


loilldei, 
O.M«+.  I 


40'C. 

n' 
los.i' 

2SJU 


I01°F 

101.0^ 

21*3" 
30»  1° 


Acetnfei, 
„tt,„-h.U,H,0, 


T4"C. 

136  I" 
141.4° 

lu*.:" 
••07^ 


1«5.2'P. 

257  2" 

404  a» 


*  Komt*! Mrttoa-eonipoaDds  ar«  IhoM  In  whloh  nil  the  enrhnn-Ktomi  nre  linked 
ti^lher  la  •  tluicl*  ehsln,  r.  {.,  aorraitl  butyl  »loohol,  CHj—Cllj—Clti—OlLPH. 
two  Hvnauc^aDuKK,  Aix:uuoL»,  rl«.) 
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M«tataerio  compoandt  oomtaining  suuiUrly  conittlated 
boil  for  the  most  part  at  nearly  equal  temperature's,  t.g.. 

Formula,  C,H„CV        Boiling  Point.  FormuU,  C!|H„0,.        Bolllnf  P«UI._ 

But.vl  tti-etate,       124.50C.  266.10F.    Pontyl  acetate,     148.4t'C.  2W.t 
Propyl  proprion- 


at.".  122.40       252.30 

Ethyl  butyrate,    121.60       250.«c> 


Pontyl  acetate. 
Butyl  propion- 

Btv,  146.00 

Propyl  butyrate,  143.43 


SM.8 


Those,  on  the  other  hand,  which  contain  ililTprontly  coostltnled  1 
boil  at  dilTcrcnt  temprraturi.^,  thu   Iwiling  {loint  lieing  lower  as  Um  ( 
pound  hail  a  more  complex  constitution,  or,  in  other  worijx,  a*  it  4 
a  greater  number  and  variety  of  radicles :  iu  the  butyl  olcoliola,^ 
ample  : — 


Normal  butyl  alcohol, 
laobutyl  alcohol, 
Beoondary  butyl  alcohol, 
Tertiary  butyl  alaohol, 


C,H,.OH 
C,H,(CU,),.OH 
(CH,)(C,UJCH.OH 
C(CH,),.OH 


Bolllag  polat. 

II (PC.  240.iioP. 

108O  SM.4Q 

9b-o  3D30 

92°  107.90 


Subtraction  of  hydrogen  generally  raises  the  boiliog  point,  «.  g.. 

Heptane,  C,II„  Heptene,  r,n„  llcptioe,  C,H„ 

990  c.  (210.2"!'.)  10()oc.  (2120F.)  107OC.  (234.t)01'.) 

Hydrocarbons  always  boil  at  lower  temperatum  than  their  snbstilttti 
derivatives,  the  Iwiling  point  rising  tu  proportion  >■  a  greater  amoonii 
hydrogen  is  displaced. 


ta 
J* 

s 

o" 


•  Kthvl  chloride,  C,n,Cl 
120  C.  (.13.  sop.) 
Ethvl  alcohol,  C,»,.OH 

7S.40C.  (173. 10  p.) 

Acetic  acid,  C,H,0.OH 

IISO  C.  (244.40  p.; 


Ethcne  chloride,  C,n,Cl, 

S2.50C.  (180. 50  P.) 
Elhciie  al«.h..l,  t',l'.('^U)« 

197.0'-  C.  (HST..-     I-  , 
Chloracetio  U'  '  ).0B 

I8GOC.  (. 


s% 


a 


Chlorobvnzeno, 
C,H,C1 
1350  C.  (2760  P.) 


Dich1orol>entene, 

c,H.(:i, 

1720  C.  (341.60  P.) 


Tricb  lorTobonsenst 

c,n,a, 
310O  c.  (410O  r.) 


Amldobenienn,  r,Hj(NH,) 
182^J  C.  (259.0^  P.) 


DiamiHobenxene,  C,n,(NHj, 
2870  C.  (548.6*  P.) 


OPTICAI,  PROPERTIES. 

Refractive  Po^ver.— In  the  ch.iptiT  on  Lioht  (p.  84)  H  has  ^ 
plaiiitil  that  111"  index  of  ri'f»ni-li<>n  of  any  transparent  HulMtaoni,,- 
to  b:iv,  the  r.ilio  of  the  siiiw  of  tho  anelc  of  iueidenco  to  lU"  «ln*1w 
angle  of  refrfflition,  is  a  «in«tanl  i|uantity,  so  long  aa  the  dvnaity  o( 
substaJiG«  rumaiuB  ennbtaol: — 

siti  r 

With  rarialion  of  deJtsilv  (</).  »«"1  therefor*  aUo  wUh  vartalinn  of  1 
pvrntart,  th«  indax  of  nb-acUon  lilcawUii  v&rtw ;  but  it  hoa  Imks  tM 
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i>ct  obserTation  made  on  a  large  Domtwr  of  substaucea  at  differeut 
,tarca,  that  the  quautity 

"—1. 
d 

1  the  ipecifio  refractive  energy,  is  constaDt  for  all  temprra- 
I ;  aud  tUU  quantity  muliplied   by  the  uulc-culur  woight  of  tliu  gub- 
givMB  the   inulecular    refractive  energy  or  refraotion- 
tvalout. 
le  ndaiions  between  chemiual  oompoaition  and  refractive  energy  h8T6 

(tallied  cbielly  in  bodies  of  the  fatty  group  (luethiiue-derivativea), 
ll»  (oUowing  general  lawa  have  been  estalili«lied  : — 

r  bciiiet  hart  in  mtiity  iHrtaitrcx  eifuul  rrf'raction-afuiratenis, 
im  cnayirmm/j  Mant/uit/  to  die  *amr  IwnuMitfoui  srrirs,  the  rr/raction^uipoleHl 

M*,  in  ail  (VMM,  Jiir  a  dijj'irrnce  of  Cll„  by  n  nmrlij  equal  uuunint ;  the  mean 

hM  in  Ihrjalii/alcolvilt  and  acids,  etc.,  btinij  T.liU, 

iT"  '  —  '-  ■  ' -uniltnl  nj  II  mirlure  ur  cotH/nmnd  it  tyual  to  the  turn  of  the 

,'  ittt  cotn/ttments. 

- ,-       ■  'he  nii-itU!i  of  detennining  tlie  ri'fr»otion-equivalenl» 

HineDts  from  those  of  their  ciimpouudi;,  ttie  metlioil  of  euiculutioii  being 
lar  to  that  adopted  in  tliu  determination  of  Ihe  hp«'cillc  volumes  of  the 
Lent*  (p.  465).  In  the  homologous  fatty  aleuliula  and  aoids,  the  mean 
in  of  the  refraction-equivalents  of  carbon,  hydrogen,  and  oxygen  are 
gtob 

Bhii  of  these  values  the  refraction-eqnivalent  of  a  compound  of  car- 
Bjdrogen,  and  oxygen,  may  be  calculated  from  the  formula 

■  R  s  Mr  +  m'r'  +  m"r", 

Bn,  ■■',  m",  denote  the  numbers  of  atoms  of  the  three  elements,  aud 

'',  t",  their  refraction-wjuivalents. 

niiua,  for  e  t  h  y  I  -  a  1 0  u  h  0 1 ,  C,U/),  the  calculated  value  ia 

K  2x5+«Xl.3-f3   =   20.8. 

r 

fBiiltiplyin);  this   number  by  46,  the  molecular  weight  of  alcohol,  we 
Uin  fur  iho  refraction-equivalent  the  number  2().8,  agreeing  exactly  with 
culatod  value. 
I  manner  for  acetic  acid,  CiU^O,,  we  have 

2  X  5  +   4  X  1.3  +   2  X  3  =  21.2, 

■  the  direct  determination — 


C 
5.00 


H 
1.30 


0 
3.00 


I  other  hand,  direct  observation  gives 
J  =  o.7'."J4;     n  =  1.3606:     therefore 


-1 


0.4026 ; 


1.0.13;     H   =    1.372:     mol.  wt. 


60. 


—  ^   X  60 
a 


0.3533  X  60  =  21.2. 


mcpecifle  refractive  energy  of  n  mixture  is  the  mean   of  that  of  its 

EntB,ao  that  if  we  know  whAtcora]KiumU  are  present  in  a  mixture, 
nnination  of  the  gpcciflo  refractive  energy  of  the  mixture  (those  of 
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tho  compoiieuU  beiug  knuwii)  aflTurds  the  means  <>r  e^tiiualing  Uii<  qn 
of  each.  For  examjile,  a  mixture  of  81.3  per  c<-nt.  lunyl  alcohol,  C} 
kod  18.7  ethyl  alcohol,  C,ll,(>,  was  found  to  have  an  index  of  refiD 

which  gave  "^^Z-  ss  0.494U.     Now  the  mode  of  caluolation  above  ex| 
d 

givei  for  ethyl  alcohol  ^^^    =   0.4528,   and  for   amyl   alcohol,  ( 

Hence,  putting  x  and  y  for  tlie  relative  quantities  of  ethyl  and  aiqj 
huU  in  the  mixture,  we  have  tliu  two  cquatioiui — 

i    +     y    =     100 
0.4328  X     +    0.5033;    s>  49.4: 

whence  x  =  18.4;  y  =  81.6,  values  agreeing  very  nearly  with  thM 
titlMS  a^tUAllv  luixed.  * 


Utlas  actually  mixed. 


This  rai'thod  of  optical   analysis  affords  a  conveniont  method  of < 
mining  the   proporliuus  in  which  any  two  subatancfs  aro  mixed,  ii 
when  a  separation  of  the    two    cannot    easily  bo   ell'wted    by  ch 
physical  mi-ans,  as  when   they  differ  but  slightly  in   Ixiiling  poi: 
bility,  or   other   quality  which   might  otherwise   be  available   U 
aeparatinn. 

The  composition  of  oheraical  compounds  may,  in  many  caaet, 
mined  in  a  similiir  manner. 

In  certain  series  of  tiorlwn  couipounds,  viz.,  the  hydrocarbona 
aromatic  grou|i,  including  lieuzeuc,  (',U,,  and  its  homologues— I 
series  of  organic  bases  homologous  with  pyridine,  CjlIjN,  and  ohU 
C,II,N— ami  in  certain  oxiiiize<l  essential  oils,  the  refravtion-eqniv 
are  found  to  lie  mnsiilerably  higher  than  those  calculated  as  abovf 
the  values  of  the  elements.  The  deviations  from  the  normal  valtM 
hibit  a  certain  regularity,  depending  on  the  oompusilion,  which,  I 
typical  hydrocorbomi  of  the  several  series,  may  be  represent«Ml  as  fol 


Befritetlon  equivalent. 
Normal 


+    3 

+    6 

+  14 
+  17 

Paraffins,  C.H^+, 

Olefines,  C„Hj„ 

Terpenes,  C,H^-, 

Bcuzeiie  and  'tsV  j,  ., 

Nai)lillialene,         t.',jH, 
Anthracene,  ^uU|« 

Similar  relations  are  exhibited  by  a  series  of  oxidized  compoa: 
feriug  from  one  unotlitT  uuly  in  their  amount  of  hydrogen  : — 

Peppermint  camphor.         C„n^O  Normal 

Dihydrute  of  I'ojeputene,  C,,H„0  " 

Wormwood  oil,                      C,„H„0  "                  4*    1 

Carvol,                                  r,„il,/)  "                -1-6 

Anethol,                                  Ciolli.O  "                 -|-  13 


iM 


1 


I 


Circular  Polarisation.— Tlie  power  of  turning  the  plane  of  pal 
tlou  ol  a  ray  of  light  to  the  right  or  to  the  left,  poasraseil  by  many  ( 
compiinnils,  even  in  the  lii|iiid  state  or  in  solution,  hna  already  tiees 
meutione<l  in  the  cliiipter  on  l.ronT  (p.  93),  which  also  contains  a  d^ 
liou  and  figure  of  an  instrument  used  for  measuring  the  amount  4 
p<:iwer.  Substances  possessing  this  power  are  said  to  be  optU 
active,   or   to    possess    optical    rotatory    power,    dextrt 
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:  «neh  »re  amyl  alcohol,  turpentine  oil,  camphor,  Tarioas  kinds  of 
-   vera!  vegetable  acids  and  allcaloida. 

•  of  rotation  («;  for   any  particular    ray  of  the  spectrum,  the 

ill,  lui  oJiample — produced  by  any  particular  liquid,  is  proportional  to 

rtnjth  of  the  column  of  liquid  trsvorsrd  by  thu  ray,  and  to  the  quan- 

ttjui  wtive  sutetanoe  oontained  in  it ;  and  the  quantity  [aj,  given  by 

'  ( exprvuion 


1 


[.]  = 


<V' 


iwbicli  a  U  the  observed  angle  of  rotation,  ■  the  weight  of  substance  in 

I  rr«in  of  the  solution,  t  the  Bpecillv  gravity  of  the  holutiun,  and  /   the 

nf  the  column  (in  decimeter8^,  is  called  the   specific    rotatory 

It  in  constant  lor  each  substance  at  a  given  temperature. 

rtr  ciample,  by  dissolving  11.347  grams  of  grape-sugar  in  Ba.lj53  grams 

f  water,  a  solution   is  obtaine<l,  having  a  speiilic  gravity  of  1.04b,  ami 

lacing  in  a  tube  2  decimet<T8   long,  a  rotation  of  I'i.io.     Hence,  the 

'  iMlecular  rotatory  power  of  grape-«ugar  is  given  by  the  equation, 


[•]  = 


13.7 


=  57.  (i. 


0.11347  X  2  X  1-MS 

Th#  power  of  circular  polarization  appears  to  depend  on  a  certain  want 

ti  eymmetry  in  the  molwules  of  tlie  active  Hubslance,  and  in  crystallized 

b*dia   it   is    usually  as80ciate<l  with    I  he  existence  of    heniihedral    faces, 

nit  connection  is  strikingly  exhibittnl  by  the  isomeric  bodies,  tartaric 

■ad  raueiuie  acid,  C\II,U,.     Kacemic  acid,  the  crystals  of  which  are  holo- 

kalral,  ha«  no  action  or  ]H>Iarized  light ;  but,  by  certain  processes  to  be 

dained   hereafler  (see  Tabtaric  Acid),  it  may  be  sejiarated  into  two 

rrio  acids,  called  dextro-  and  levo-tartariu  acids,  the  former  of  which 

tartaric  acid)  turns   the  plane  of  polnrization  to  the  right,  Iho 

'  to  Uio  left  ;  and  the  crystals  of  these  acids  are  perfeclly  similar  in 

fcrai.  excepting    that    they  posst^ss    c+Ttaiu    heraihedral    faces,  occnpying 

•      1--   p<i*ltions  on  the  crystal,  so   that  the  two  crystals  are  not  super- 

--.  but  are  related  to  one  another  like  the  two  hands,  or  the  two  sides 

of  lUe  fa4*e,  or  an  object  and  its  reflecte<J  image.     M<ireover,  the  union  of 

^•w  two  oppositely  active  tartaric  acids  preproiluo-s  ra<'eniir  acid  with 

■It original  properties,  optically  inactive,  and  rt3rmiiif,'  liololiedral  crystals. 

Artilicially  prepared  carbon  compounds  are,  fur  the  m<wt  part,  active  or 

blMre,  according  to  the  character  of  the  c<<iii|hiui)(1s  from  which  they  are 

iwlved.     Thns  malic  acid,  prepared  by  the  action  i>f  hydriodic  acid  on 

itviarie  acid,  or  hy  that  of  nitrous  acid  on  asiiara^iii  or  on  optically  active 

srtic  acid,  is  itself  opticallj-  active,  like  the  malic  acid  of  fruits  ;   but 

tivc  aspartic  a<nd  heated  with  nitrons  acid,  yieMs  a  malic  acid  which 

11  on   polarized  light.     Keceiitly,  however,  it  has  been  found 

tart.\ric  acid  may  be  converted  by  a  strong  heat  into  dextro- 

-ifianc  acid. 


in«  KHiowmg  urauinsy  iw  oauwi,  luptane,  teiaiu,  miuuu, 

dodecane,  eU'. 

Orcurrmce  and  Formatitm. — M;m_v  of  llie  paraffins  ocour  rendy  ( 
Amerivaii   pftroleuiu  aud  otlier  miufral  oils  of  liimilar  origin, 
formed  artillcially  l)^  tlie  following  proet-sst-s  : — 

1.  By  the  .siiiiuliuneous  action  of  zinc  and  water  on  the  aloohol 
(p.  471^),  couipouijds  dvrivt*<]  froni  llu-se  same  hydrocarbous  bjr  tl 
tutiun  of  ouo  atom  iif  iiHliiie  for  hydrogen. 

This  reaction,  which  appears  to  be  applicable  to  the  format! 
whole  series  of  jiaralBna,  is  represented  by  the  general  equation  ; 

AU'uliullo 
iodide. 


211,0  =  ZuHjO,  -f  Znl,  -f  Sr.H.^ 


Aa   an   example,  we   may 
iodide  : — 


taVe  the  formation  of  etha 


2C,n,I  =  Zn,  +  2H,0 


hanafl 
ZnB^O,  +  Znl,  +  2C,H,. 


2.  All  the  paraffins  may  be  produced  by  beating  the  aloobotl 
with  line  alone  (ienerally  gpeakin};,  however,  two  of  these  hyd 
are  obtained  together,  the  (iritl  protluct  of  the  reaction  being  i 
containing;  twice  as  many  carlion  atoms  as  the  alcoholic  iodide  ei 
and  this  compound  being  then  partly  resolved  into  the  paraffin  o 
half  this  number  of  carbon  atoniii,  and  the  corresponding  olefin 
thua : — 

2C,H,I    +    Zn    =    Znl,    +     C,H„ 
Etbrl'ludide.  Quitrtaoe. 


and 


(lusrtana. 


Etheoe.        Etbaae. 


Oenorally : — 


and. 


2C.H„+,I  +  Zn  =  Znl,    +  C,.H^+, 
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ftmtr  snppo**  that  th«  two  niulooulre  of  BO(>tio  acid  are  resolved  by  the 
mrn-ni  into  M,  oinl  C,H/),,  and  that  the  latter  then  Hplita  up  into  2C(.>, 
«tti  C-jH,.     TTie  geucTiU  react  iun  i«  : — 

2t;."*.<^    +    2C0.    +    c^-,n,„_,    +    U,. 

i  Some   of  the   finrallins   are   obtained    from   the   avidx  of  the   leriea 

H,H.,'»,  and  C„Hj„_3<>,.  t>.v  the  action  of  alkalies,  which  abstract  carlHin 

'11  thti<>«'  acids,  the  hydrocarbon  thiiti  eliminated  containing  ona 

<i<  of  c^rlK)!!  less  than  the  acid  from  which  it  is  j»roduoe<l.     In 

uu  ni.inii.T  methane  (marsh-pas)  is  obtainwi  by  heating  ]xittti>.siiim  ace- 

'  lite  with  iKilaiisiuni  hydroxide  (p.  Itj4). 

c,ii/),K  +   iiKo  -f   co.K,  +   cn,. 

,  hezsne  and  octane,  by  similar  treatment  of  the  jwtassium  salt!!  of 
laeid,  C,H,,0„  and  sebacic  acid,  C,„11,,0, : — 


C.n,,0,    +     2HK0     = 

Suber'nte 


Srbat«. 


2C0jK, 


HeX'iuu. 
Octaoe. 


Illv 


Jy  speaking,  howerer,  a  further  decomposition  taki-s  place, 
he  formation  of  liydriK'jirlM>us  containing  a  smaller  projiortioii  of 
en  than  lh>*  paraffins. 
5.  The  paraffins  may  also  be  produw'd  from  the  olefines,  C,!!^,  by  com- 
liinjng  the  latter  with  bromine,  and  heating  the  rejiulting  uumpound, 
r^H^Brj,  with  a  mixture  of  jRitassium  iodide,  water,  and  metallic  copper. 
Thr  brjtnine  componnd  is  tbi-n  decouipo»e<l ,  and  the  liydrucurlwn,  l-'„H,„, 
b  partly  r^proilnci-d  in  the  free  state,  partly  oouverted,  by  addition  of 
liT.lr<>j;»ti,  into  a  paraffin. 

t.  Sereral  of  the  paralRns  are  produced  by  the  dry  or  destructive  distiU 
latfaia  of  batyrates  and  uoetati-s. 

7    Th-"  lire  also  found  amongst  the  products  of  the  dry  distillation  of 
"  illy  IJoghead  and  ("annel  coal,  and,  as  already  olwerve<l,  they 

o'  the    prineifial    p-jrtion  of  many  mineral    oils,  called   fietroleum, 

tUfJaJut,  \iT  fxk-uil,  formed  by  the  grailual  decay  or  decomposition  of  vege- 
table matter  beneath   the  earth's  surface.     Hy  far  the  largest  iiuantities 
"         -H  oils  are  obl-aini-d  from  Canada,  Pennsylvania,  and  other  parts  of 
America.     Abundant   petroleum  springs  exist,  also,  on  the  north- 
f    the  Caspian    Sea,  near    Baku,  at    Hangoon    in    Burmah,  anil    in 
-    parts  of  Italy.      The  American   petroleum  consists    almost  wliully 
ilfius.      Burmese  tar  nmtains,  also,  small  quantities  of  hydrocarUms 
.:ug  to  other  aeries,  especially  homologueis  of  benzene. 

I'tofMTlta  and  Rnetimu  of  Ihr.  Ajrf>/7fw.— Methane,  ethane,  propane,  and 
boUne  are  7a<iwiiis   at   ordinary  temperutur.ii  ;    most   of   the  others   are 
V   inuTcasing  in  specific  gravity,  viscidity,  boiling  jKiint, 
•I  ■  ■  **  their  molecular  weight  becomes  greater;  those  con- 

"o-atoms  or  more  are  crystalline  solids. 

Fparaffins  are  aalMrnt.-d  hydrf>carl«.ns,  incapable  of  uniting  dirrotly 

honalomie  i-lements  or  radidi-s,  but  thev  easily  vield  sulistitntion- 

ili'fivaUveii.      When  subjwted  to  t)ie  notion  of  'rhhmne  or  bromine,  Ibey  give 

up  a  part,  or  in  some  i^aswi  the  whob,  of  tbeir  hydrogen  in  exchange  for 

-■  halogen  element.     Thus  eijnal  volumes  of  cbbVine  bihI  methane,  CH„ 

losod  to  diffused   daylight,  yield  t)n«  rompound  Cil.Cl,  rnllM   chloro- 

ivthane  or  methyl  chloride  ;  and  by  further  siibjeititig  this  product 

to  th«  action  of  an  exeees  of  cbJorine  in  direct  sunshine,  il  may  bc«\\c<:«&- 
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lively  converted  into  the  more  highly  chlorinated   oomponnds  CE 
CUCl],  CCI4.     Kthane,  C|H„  also  vieltls,  by  a  svricii  of  prix'r«8es  lo  be  | 
aenlly  de»crilx«l,  the  products  t','"!'-"''  <-'il*4*-''i'  "-"jUjCl,,  C,H,C1,, 
and  C,C1, ;   and  similarly  for  the  other  wmpounda  of  the  serit^. 
bodies,    which   mny  be   regarded   a»   compounds   nf   chlorine  and 
halogen  elemenU  with  the  radicles  (<-'H,)',  (CU,)",  (fll)'",  etc.,  »re< 
haloid    ethers.     Wlieu  treated  with  water  or  aqueous  alkalies,  tli 
exchange  the  Imtoi'd  oli'iiieut  for  an  equivalent  quantity  of  hydruxyl,  (HO 
thereby  prmluciiig  aluoUoU  {p.  4)H>)  ;  and,  on  the  other  hand,  they  iiiav  1 
formed  from  ttie  aliuhoU    by  tlie   action  of  (he  chluriiles,   bromide*, 
iodides  of  hydnigeu  or  photiphorus. 

Aitric  acid  attniki!  the  hiylier  members  of  the  paraffin  series,  fonnil 
ni  tro-oom|>ounds  ;  octane,  CgH,,,  thus  treated,  yields  the  compon 
C|,H,,(NO.).  The  lower  pjirallius,  on  the  other  hand,  are  not  allevted 
nitric  aoid;  but  by  indirect  nieaus  compounds  may  lie  formed,  having  1 
composition  of  paratBiia  in  which  the  liydrogen  is  more  or  less  replaced  I 
uitril  :  for  example,  nilro-incl/ume,  Cllj(NU,)  ;  Iriuilrumelluint  or  niirof'm 
CH(.NO,),. 

The  first  three  hydrocarbona  of  the  series,  via.,  CH,,  C,H„  C,U„  txhin 
exactly  the  same  phy.sical  and  chemical  properties  in  whatever  way  Ih^ 
muy  be  prepared  :  and  indeed  the  uunstitulional  formulie  of  these 
viz : 

CH, 
CH,  I 

cn,  I  cHj 

Ah,  I 

CU, 

show  that  they  are  not  susceptible  of  isomeric  modiflcationa,  inaamoch  U_ 
there  is  but  one  way  in  which  the  carlxm-atom  in  either  of  them  can 
grouped  ;  in  ethanu  each  carlKin-atom  is  directly  iximbined  irith  three  hj^ 
drogeii-atonis   and  the  other  CArlKin-atom  ;    and  whether  we  regard  il  < 
ethyl  hyilride,  H — ('11X11,,  or  as  dimethyl,  !!,(' — ('H,,  this  arrangemeif 
remains  the  same.     In  propane,  C3II,,  each  carlxm-atom  is  direcllj^  con 
bine<l  with  at  luost  two  other  carUm-atonui,  and   there  is  no  other  war  iai 
which  the  atimis  can  be  arrange<l. 

But  if  we  look  .It  the  formula  of  the  4-cftrl)on  paraffin,  C,H,j,  we  see  I 
it  muy  txt  writleu  iu  either  of  the  following  foims  : — 


I 

ClI, 

in. 


n,c  CH, 

CH 


CH, 


In  the  first  of  which, 
more  than  two  others 


ni'itlier  of  the  carbon-atoms  is  directly  nnited  «itll 
whereas,  in  the  seomd,  one  of  the  carlion-alnmy  ii| 
dinwtly  oonibin<>d  with  three  others.    The  first  may  b<>  representeil,  eillii*' 
/      ,1  f.(CH,CH,CU,      ,.(CH,C,H,       -.(f.H,  ..  ,.j 

H,C,.C,Hj,  aecordinp  to  the  manner  in  whii-h  we  may  soppose  it  UibsiU- 
vided  ;  Oie  second  as  trimelhyt-tnethane,  t"  j  ji     •'•  ,  or  as  uopr^fl  mttlati 

(•  I  [^"(^^' ,  the  radicle  CH(Cnj),  being  caUed  laopropyl,  todiitln- 
gviah  it  from  normal  propyl,  CH,(C,H,). 
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i  ffimpari^nn  of  the  modra  of  formation  and  deonmposition  of  all  tbtt 
Bnn  whirli  bar«  bevu  olitainod  by  dt'fiuitu  reactiuUB  iibowB  tbat  they 
'  be  arranged  in  tht  four  lolKiwinj;  ((roups  : — * 

Nuriiial    Paraffiuii,   in  whicli  cncb  carlM>ii-atom  in  dirt-ctly  oon-j 
kI  witli,  .It  uiust,  luo  utbi^r  ujirlxni-utdiu.s,  or  ubii'li  contain  Ibu  grouf 

iae  L'U,  (metbene),  as^oc'iatvd  with  two  luuuatuuiic  alcobul-radiolaa,1 
,  + 11  «•  3-t 

.  cir,  ^CH, 

Dimebtbyl-methane,  ClCIl,    or 


U, 


€ 


[ethjl-propyl  methane, 


;  { u  II, 


<CH,CH,CH, 
CH, 


'  I«oparaffins .  in  which  on«  carlKm-atom  is  directly  united  with 
FOlfaar  carbon-alouis,  or  in  wliii'h  tlie  trival<'nt  ):r<iup  or  rf«iilii<<,  CU 
'otetbeiiyl),  is  associated  with  three  uiunatouiu  rodicluii,  i'„llio+l,  '•y-i 


Trimethvl-methanu 


Ethyldimetbyl-metbane, 


I      11 

'^(Cll,), 


CH, 

HC     f'U, 

\C11, 

.CIljCH, 
UC^CH, 


\CH, 


3.  Keopsraffins,  in  whiob  one  rarbon-atom  is  directly  united  with 
f-mr  olhor  carbou-atoma,  or,  iu  other  words,  with  four  monatomic  radicle«. 


^U*,+  l.  '•»•. 


H    Tot 


CII. 


Tetrametbyl-methane, 


C(CH,),        or 


H,C— C- 


€U. 


I 


Dimethyl-diethyl-metbane,  C  j 


(C.Hj), 
(CU.), 


CH, 
CII.CH, 

H,C— C— CO, 

CIljCH, 


paraffins  of  these  three  clagsea  are  constructed  on  the  methane  type. 

Meaoparaffins,  in  which  two  niellienyl  groups,  haviuj;  their  car- 

ilonu  linked  t'lgether  by  one  combining  unit,  are  each  asswiated  with 

»•  mouatomjo  radicles,  C,Ha+i.    Theae  paraffins  wre,  therefore,  oon- 

■raoled  on  the  ethane  type,      I        ,  e.g. : 

^■k  HC(CH,}. 

^^Twnnethylethane     .     .     I 

Ht(CH,),. 

Bk»  paraffins  of  the  first  and  Beoond  class  have  for  some  time  been  dis- 
IBinhed  a.*  noniwi/  and  i«»-;»or..^n»,  and  I>r.  Odlinj;  lia>  lnt>ly  i>ropi)siKl  to 
in^ruinh  the  third  class  by  the  pretix  ii<"  (fr ww,  ni-w,  ns    bi-inR  the 

latat  discovered),  and  the  fourth  by  the  prefix  mtto,  intimating  their  in- 

•  Scborlemmer,  Proceedluga  of  the  Bofal  Soolety,  xvl  M,8er. 
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t«rinediat«  cliaraot«r,  as  asMooiatod  with  the  Uo-parafflns  iu  containing 
re^iilut*  CIL,  andwilli  the  neo-paraffins  in  mniainingfour  alciiliol  railicl( 
lit*  ;il-Si>  Hiiggi^sts  an  abbrm'iatfii  iiolalii>ii,  (.-on^istiii;,'  in  the  usoitf  lhti(ii 
lettL-rs  r,  r,  aud  /u,  as  iudic«ii  of  tlic  iso-,  uco-,  uud  uiUiO-jjarol&UH  rt»pis.'liv«l; 
for  uxaiupitt : 

C,II,j  c,h[I 

I«ohex»ne. 


H,C{ 


Uexaae. 


CH,CH,CH, 


CH. 


.  CH,CttjCH, 

uc  \  en. 


c.n,: 

Neohex&ae, 


HC 

II 
HC 


[OH, 
ICIl, 
(CH, 
ICU, 


ImmtThm  in  the  Sub»lUulion-<lrriralwrj  nf  the  f\<riiffim. — It  has  already  \n 
8tat«d  tliat  tliu  parallins  can  exchange)  unuur  moru  of  tlivir  hydrugim-at< 
for  variouri  rlcmcnts  and  onraixiunil  radicles,  CI,  lir,  O,  l>Ii,  NO,,  etc.,  git'il 
ris«  tu  alcuhuU  and  etlierK.  Confining  our  atteiutiou  for  the  present  to  I 
mouatomio  derivatives,  that  ix  to  gar,  those  in  which  1  atom  of  hjdrog 
is  replae<yl  by  a  univalent  radicle  X,  it  i»  obvious  that  the  first  two  hyd 
carbons  of  the  series 

CH,  _ 

^D^ta+t)  ^^M  '^'^t  '^"'^  I       •  '^'^  ^'^'^  K^^*  ^^  ^  ^"'^7  *"^  deriratiT* 
CH, 

containing  any  particular  monatoniic  radicle,  these  doriratirot  being  i«- 
Bpectively  rupresoutud  by  the  formula>^ 


CU,X        and 


CH, 

I 
CILX 


i 


for  supposing,  as  is  most  probable,  that  nil  the  hydrogen-atoms  have  th# 
same  value,  aud  are  nttnchrMl  lo  their  respective  carlxjn-aturus  in  the  same 
way,  ttie  result  of  the  substitution  must  Ihi  the  same,  whichever  of  thr*'^ 
hydrogen-atoms  may  be  thus  replaced.  Hut  with  all  the  paraffins  contain- 
ing mure  than  two  atoms  of  carlmn,  the  case  is  dilfeicnt.  Thus,  iu  propane, 
CUj — CH, — f;H„  the  suLstitutiou  may  take  place  cither  in  ono  of  the  ex- 
terior groups  CHj,  or  iu  the  mid<lle  group  C1I„  giving  rise  lo  two  derivo- 
tivtis  of  dilferent  structure,  distinguished  by  the  terms  primarjr  and 
aecoudary,  viz., 

Prlmnry,  Seeondnry, 

Cil,X  CH, 

CH,  CHX 


CH, 


In  the  primary  derivative,  the  carbon  atom  Joined  to  the  radicle  X  is 
oonneotiit  immediately  with  only  one  other  carlxm  atom  ;  in  the  se<>ond«ry 
derivative,  it  is  linked  to  two  other  carbon  atoms.  Those  are  the  only 
possible  mo<liflcations  of  a  monalomio  derivative  of  the  3-carbon  paral&o, 
C,H,  ;   they  may  be  more  shortly  represented  by  the  formula} 


H,C 


CILX 


^CH, 


UXC 


CH, 

^s;h,. 


•  Phlloiophleal  Magulne  [t],  I.  KM, 
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Tlir  -t-oiirlwD  paraffin,  butane,  admita  of  a  greater  number  ot  modes  i 
III  tho  flnt  ploue,  the  bydrocarlxin  iUelf  u  Husoeptible  i 
iliona,  vit ; — 

CH,— CIV- CH^— CH,  CH^— CH<^ 

Norsal  butane.  Trlmethyl-ineth.nc. 

Prom  the  flr«t  may  be  furmwl  one  primary  and  one  sewmdary  derivative, 
lliao  tfnni  baring  tli*'  meaning  above  explained  ;  while  the  Hecond  yields 
tsvlhrr  primary  derivative,  and  likewiiie  a  Irrtiari/  Jerivative,  in  whiob 
Uiotarbim  atom  joine<l  to  tb»  radicle  X  is  joine<l  also  to  three  other  atoms 
of  <arhi>n.  These  four  derivatives  are  repreKented  by  the  following 
Imala: — 


Primary, 


Normal  CH,— CU,— CH,— Cn,X 


lao-        JJ'^CH— CUjX  or 

Seoondary,  CH,— CUX— CU,— CH,      or     HX( 

Tort  yp>CX— CH,  or 

The  two  primary  derivatives  are  distinguished  by  pontaining  tlie  radicles 
normal  propyl,  CH, — C[i, — (.'11_, —  and  isopropyl  — l'H(('ll,),  respectively. 

Of  the  four  monatomic  butane  derivatives,  the  normal  primary  and  the 
Moondary  are  derived  from  normal  butane,  the  iso-priiiiary  and  tlio  ter- 
tiary fmm  isotiatane. 

The  higher  par.iffins  yield  a  larger  number  of  monatomic  derivatives 
leoording  to  the  nature  of  the  radicles  which  enter  into  their  conatilutiou  ; 
in  other  w<>rds,  according  as  they  are  eitlier  normal,  i.  «.,  have  all  their 
carbon  atomii  in  a  single  chain,  or  uonlain  one  or  more  isopropyl  groups, 

HC<^)^u'  :    but  thegu  derivatives  must  all  be  either  primary,  secondary, 

cr  tertiary  ;  for  the  carbon  atom  jnine*!  to  the  radicle  X,  having  one  of  its 
eambinjng  units  thus  di»|Kwed  of,  has  only  three  remaining,  and  cannot 
tk<T*f»re  be  joimtl  to  a  numln-r  of  other  oarlxm  atoms  greater  than  three. 
In  other  wordx,  the  repLieeinent  of  an  H-atom  by  the  riulicle  X  must  lake 
pUee  either  in  a  methyl  residue,  CH,,  a  inelliene  residue,  (.'H^,  or  a  me- 
tb<M^I  residne,  CU,  producing  respectively  a  primary,  secondary,  or  ter- 
tiary derivative. 


Dr.  Odling  denotes  the  secondary  and  tertiary  derivatives  by  the  pre- 
iir*  pteifHo  and  lata,  di«tin;;iiishing  also  the  latter  by  the  index  u,  and 
tbe  former  by  the  in<iices  «  and  4,  a»"cording  as  they  contain  a  normal  or 
■a  iao-radii'le,  tbo 


PcBtjl  (ObH,,).  iMpentyl  (0,Hf,).        Nropcntyl  (r,H'). 


Primary,         H,C<p5"«*  nrJrH,'  C 


idopeotyl  (CtH^).        Pseudltopenl 


CH, 


PMDdopeotyl  (CtH,*).        Pseudltopentrl  (OiR]^). 


CHX.CH, 
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Ettta 


K.l4peotyl  (CiH;;). 


XCK'H, 


Wf  now  proceed  to  describe   the  more  important  of  tbe   iodirii 

pnraffins. 

Methane,  CU„  also  called  ^ftt/ll/l  hyHridt  and   Mank-ijoM,  \»  fun 
by  |ia»siuf;  a  mixture  of  hydrogen  aulpbidu  Uid  vapor  of  uarbom 
pUido  over  red-hot  copper  : — 

2H^  -f  CS,  -f  4Cnj  =  ClI,  +  4Cu,S  ; 

also,  by  the  action  of  water  on  zinc-uietliyl  : — 

Zn(CH,),  +   »,0  =  2CII,  +  ZnO. 

The  easiest  method  of  preparing  it,  huwevor,  is  to  hvat  a  mil 
dry  sodium  acetate  and  soda-lime  (p.  ItiS): — 

CH.  H 

+        ->0         =        f^H.       +        «»,Na,. 


(X),Na 


N«- 


Metiinne  is  also  pr<KlnciMl  in  the  slow  decay  of  Te|(etabl<<  *nb»iaiioie.l 

is  found  iu  coal    iiiim'g  a-t  lirr-dniiip,  bIsio  in  ni^irsJifn  ati.l  at.-j." 
from  which  it  may  be  evolved  as    >;»«  by  Bllrriti;;  llie  mud. 
fiirmixl    by  llie  dry  distillation   of  various  organic  luhblanui.., 
the  rliief  constituent  of  coal-ftas. 

Methane  is  a  colorless  inndorons  fras  which  hnrns  with  a  yellow  fla 
producing  water  ami  carlion  dioxide.  Its  density  compared  with  hyilnij 
as    unity  is  8,  showing  that  tho  molecule  Cll.  has  the  normal   2^Ti>ln 

12  4-  4  X  1 
condensation,  s ^  ^-     ^^»en  a  mixture  of  iH)n«l  ToJnaiaaJ 

methane  and  chlorine  is  exposed  Inmir  ' 
hyilroL'en   cliloriile   being   fonmil,  anri    • 

d»ylijrht  the  nilion  co*-.-!  on  (ilowly,  and  n ,, i,,.  in  a, 

viz.,  mnniH'lilnriimeihane  or  melli.vl   elilnride,  CH,CI,  and  with  «ixew«| 
chlorine,  also  the  comi)Ound»,  Cll,l.'l,  and  C'llCl,. 

Btbane,  r,H,  or  n,r — TTT,. — TliIs  oomponnd,  which  may  also  f». 
garded  Jis  tlimilli(/l,  or  as  tlhiil  hijilriile,  C.Hj.II  (p.  "lf<4>  , 

geni'ral  reaellonn  already  indirat<vl  (p.  40',!),  vii.,  by  lli' 
water  on  i-lhyl  ioiiide;  of  liiie  nhine  on  the  name  connxmii'l,  .iiel  ouj 
iodide;  and  liy  the  electrolysis  of  acellc  m-id,  i>r  rather  of  tin  |m| 
salt.     It  may  b<'  prepared  in  the  pure  state  by  decnmt»>»in);  xinc-etl.,. 
water,  or  more  esKily  by  beatiu);  ai»>tlo  anhydride  with  l>arium  dl<ixid«l 

2(C,n,n),0  -J-  RaO,  =  C,n,  4-  (C,H,0,),Ha  -f  2C0,. 

Rthane  is  a  c«lnrlcs«  no. 
Is  nearly  iii!>nlnlile  in  w 
■lro)ii>l.°   Mlxi«l  with  .nil 
f/.»v/it'/it,  II   form" 
chloritto  higher  sui 


I      iTI.nl. 


M.I    ul.i.O.    ).r. 


.r  l„ 


II 


,il,U.  »tiii  Kze 
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Propane,  r,lJ,  =  rH, — ClI, — Cn„  also  cnll«l  Afethi/l-rlhiil,  in  one  uf 
Uio  cmistitueiits  of  pi-troU-um,  and  iiiny  be  pto<luce<J  liy  tho  action  of  nine 
and  liyiirfH-liloric  axiid  cm  proj),vl  iinlidu  or  isoj)ropryl  iodidu.  It.  in  A  gna 
Mliirh  liqiu'lina  at  — 20O  C.  ( — 40  p.),  and  dissolrva  in  0De-«ijith  ot  its 
voliuiie  of  nU'oliiil. 

Butanes,  '',n,„. — Of  IIh'Sb  compounds,  bUo  called  tetmnes  or  ijuar- 
ttuct,  \iiKtv  oru  two  luudiiicatious,  viz, : — 


CHr-CR,— C'H,— CH, 
NormiU  butane. 


Isobutniie  or  Trimethjrl-methsne. 


1.  Sormal  bulanr,  Oielhi/l,  or  At rlhyl -pTojt\jt ,  ocrnrs  iu  natn- 
ra]  petroliMim,  and  in  Itu'  dii^tilliition-products  of  Cannt'l  nnd  Bo);l»-sd  ronl. 
It  may  >«•  formed  synthetically  liy  liesting  ethyl  iodide  to  l(HlO  in  scaled 
tubes  with  zinc : 

2C,Hil  4-  Zn  =  Zul,  4-  C.H„, 

It  Is  a  colorless  gas,  which  condenses  h<'low  CO  to  a  liquid  boiling  at  4-  1- 
MixiMl  with  an  equal  voliimn  of  clilnrine,  and  uxpotied  to  light,  it  yields  butyl 
tJiIoridc  aud  other  nuUitilutiou-producta. 

ttobvtant,  Trimtlhyl-nelhane,  ot  if elh^l-iiopropi/l ,  \B{ormi>d 
from  t<Ttinry  butyl  iodide,  (Cn,)jCI  (p.  497),  by  the  action  of  zino  and 
hydfoohloric  acid.     It  is  a  gas  which  liquefies  at  — 17°  C.  (1.4^'  F.). 

Pentanek,  C^H,,. — Of  these  hydrocarbons  there  arc  three  modtflca- 
Uoiu,  V  U.  . — 

1.  Normal  Pontane         .        .    CH,— CHj— CH,— ClI^p-CH, 

2.  Isopenlane.         .         .         .     CH,— CH^— CH<:^.[[' 

3.  NooponUne         .        .        .     y'^C  <^||» 

1.  Normal  Pentanr,  or  Ethyl-propi/l ,  CjH, — fjf^;,  occurs  in  pe- 
trolnnm,  and  in  the  lii,'ht  oils  of  Iloghcad  and  CnnncI  coal,  but  hus  not 
Uwsn  pn>pJiri'd  synlholically.  It  is  a  liquid  of  specific  gravity  0.6,  and 
Iniling  at  .3~-;tI>0  C  (!IH.(iQ-102..'P  I-'.).  On  passing  chlorine  into  its  vapor, 
a  primary  and  a  secondary  chloride  are  formed,  from  which,  by  a  reaction 
tu  l>e  liercjifter  dcscribeil,  the  corresponding  alcohols  may  be  prepared, 

2.  l$ope«lanf  likewise  occurs  in  petroleum,  and  may  be  prepared  by 
dahytlratiou  of  isui>enlyl  alcohol  (ordinary  amyl  alcohol),  or  by  heating 
tk«  ourrospoudlng  iodide  with  water  and  zinc, 

3.  \roprnian€,  or  Telrnm  ftlii/l  -  mf  thane,  is  formed  by  the  action 
*f  tiito-metbyl  on  tertiary  butyl  iodide  : — 

2C(CH,),I  +  Zn(Cn,),  =  Znl,  +  2C(CH,),. 

tt  U  a  colorloas  mobile  liquid,  which  boils  at  9, SO  C.  (48,COF,),  andsolidifice 
•t  — 30O  C.  ( — 4-  K,)  to  crystals  resembling  sal  ammoniac. 

H«xanea,  C,H,|.^-Of  these  paraffins,  five  are  possible,  and  four  are 

kouwii  : — 

1.  Nortnal  Uexuie    .     Cfl,— CH^— Clti— CH,— CU<— CB.» 
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2.  bobexuie, 


3.  Noohexane 


4.  Hesokextme . 


[(.8) 


cu,-cn,-tu,-cn<^:j|» 

HC(CH,), 


HC(rH,), 

1.  Xorutdl    fffj-dite,    or    iJiprojii/l,  occurs  in  the  light  oils  of  1 
head  anil  Caniu-l  i.-<:>al,  aiiit  ahiinilantly  in  Pi-nnssylvaiiian  petroleum.   Ill 
fiiiniiMl  li.v  (lie  action  of  siMlinm  on  norujal  jimp.vl  iotlidc,  or  \>y  that  of  I 
and  hydrocldoric  acid  on  Ki'coudary  licxyl  icNiidu  ;  also  liy  (liutiUiDg  sub 
acid  with  luriuiu  oiidc  : —  ~ 

CsH„0,  +  2BaO  =  2CO,Ba  +  C,H„. 

It  has  a  density  of  O.iiS  at  170  c.  (62.tiO  F.).  and  boils  at  70-710  C.  (II 
-159.80  F.). 

2.  Jsohtiant,  Propi/l-dimelhyl-metkan«,  or  Ktkfl-isob»tfl,\ 
formed  by  tin;  action  of  sodium  on  a  mixture  of  t-thyl  iodid*  and  isoliutj 
Iodide,  c'lljl — <H(Cllj),.  It  has  a  density  of  0.702  at  to,  ami  Iwil*  ; 
92^  C.  (HS.UO  ¥.). 

3.  \echexane,  or  ElKi/l-tTimelhyl-mtthane,   produced    by 
action  of  ziuc-iuethyl  on  tertiary  butyl  Iodide,  boils  ut  450  c.(  1130  K.)- ' 

4.  Me-HnhrTune,  or  Di -i aopropt)! ,  fomied  by  the  action  of  s<^idio 
on  isopi-oj)vl  iodide,  IUC'(CH,)„  has  a  density  of  O.G77  at  O^,  and  boiiil 
S8^  C.  (130.4'^  K.)- 

Heptanes,  ^'tH,,.    Of  these  hydrocarbons  nine  are  possible  and  fM 

arc  kiiuwu,  viz. : 

1.  Normal  heptant,  CH, — (CH,)j — CH„  is   contained   In    Peon 
Tanian  pclrolenni,  and  In  tlie  lijj;ht  oils  of  Boghead  and  Cann<<l  coal,  an 
may  be  formed   by  di:itilling  iizelaic  neid,  <.',Hn<),,  with  hariiini  oiide. 
has  a  density  of  U.712  at  Hi°  V.  (liO.tP  ¥.),  and  boils  at  '.»bO  C.  (208.4='  F,Jj 

2.  Etkyl-itnptnti/l,  or  Ethgl-ami/l,  Cn,.CH,.CH,.CH,.CH(aj,)m 
Tariety  of  isolujitane,  is  formed  by  the  action  of  sodium  on  a  mixlurn  I 
elhyl-iodido  and  isnjientyl  iodide: 

CjUji  +  CH,i.ri(,.cii(CH,),-f-  Na,  =  2Nai  +  c,Hj.rn,.cn,.cn(cn,)  J 

It  hasadensityof  0.6S3at  180C.  (G4.40  P.).  and  boils  at  90OC.  (1940p,| 

3.  Tri ethyl-methane,  Cllf—CKt—CU<^}^j''^}^^\    another    varl 

of  isoheplanc,  is  formed  by  the  action  of  linc-othyl  on  orthofannio  elk 
(see  FoKMic  Etubbs). 

2rn(or,H,),   + 

Orthoformlc  rth«r. 


3Zn(rH,), 
Zluo4th]rl. 


3Zn(OC,H,),    +     2rn(C,H,),. 
ZiDc-etliylale.  Trlelbyl-inelhu 


4. 


L>ih 


rthyl  'iliethtfl'methnne ,     or     \eohrptane, 

lj''«^C<^  ,.,■•' I..,",   is   formed  by  the  action  of  linc-othyl  on   aevton* 

chloride,  (Cl(j)/(lj.      It  has  a  density  of  0.G89  at  27°  C.  (90.60  p.), 
boiU  at  90°  C.  (204.80  F.), 


PARAFFINS. 

Tb<>  higher  pkralfinn  liav«  been  bat  little  pxamined.  Normal  octftne, 
CH,.,  U.iliug  nt  1240  (.'.  (iVi.lio  K.),  ami  having  a  .leiisily  of  ll.Vc:},  ovi-un 
in  )>vtn<Ieuiu.  and  i»  rvrnivil — (1)  by  tlio  auliou  of  xino  nnii  liydroclilorio 
jLciil  uii  iiurumi  uctvl  iulide  ;  (-)  by  tl>e  action  of  sodium  uii  noriual  l>ulyl 
iwtide  :  lii-Mcc  it  iiiuy  U'  regarded  as  dihutyl,  C,U,.C',1I,. — Lli-ifuhul i/l, 
(CH,),t'U — Cll,^ — ('H, — ("ll(CH,)j,  i>litaine>r  liy  tb«  aclii-n  of  so<linni  on 
Uobutyl  iodide,  ha>«  a  donaiiy  of  (1.705,  and  boiU  at  109O  C.  (228. 2^3  P.). 

Oi-i»oiitntyl,  l'u,Hj„  nbtained  from  llie  iodide  of  isopcntyl  (ordiaarT 
amyl),  has  a  dmuity  of  0.77U,  and  boila  at  1580  C.  (31ti.40  F.)- 

Thi"  paraffins  of  the  hlghor  orders  are  found,  toRethLT  with  those  aln-ad 
ttK'ntionrd,  ill  niitural  pclrolfuni,  and  iii  the  light  oilH  obtained  by  the 
acUon  of  heal  on  various  kinds  of  coal,  especially  Boghead  and  Canticl 
coal. 

lu  most  of  these  products,  however,  they  are  mixed  with  hydrocarbon* 
beluHKing  to  olUer  series  ;  and  to  separate  them  from  these,  the  crude 
pelroU'iira  or  coal-tar  oil  is  mixe<l  with  strong  sulphuric  acid,  which  re- 
mows  the  olcfinc«  and  other  non-eaturaled  hydriK'arboDS,  and  altcrwarda 
with  fuming  nitric  oxid,  or  a  mixture  of  strong  nitric  and  snlphuric  acidg. 
The  hydroc.irtions  of  the  Ix^nzene  scricrs,  and  all  other  compounds  except 
the  parntOns,  are  thereby  oxidized  or  couverti^d  into  nitro-comj"  iinds, 
which  are  cither  dissolvp<l  by  the  acid,  or  are  much  less  volatile  Ihnu  the 
brdrouar lions.  The  oils  are  then  washed  with  water,  dried  over  canstio 
potatb,  and  rectified  over  sodium.  The  distillate  thus  obtained  consists 
wholly  of  paratlina.  which  are  separated  by  fractional  distillation. 

Wli"-n  llicis  purifieil  the  petroleum  and  coal-oil  parnlling,  which  iKiil  be- 
tw-  i    Vivo  (.".  (2(JtP  V.)  are  found  to  consist  of  two  aerii'S  ;  those 

of  ries,  which  have   the  higher   boiling  ]Hiints,  iH'ing  normal, 

«l  •  ■!  ' -1  ajiree  for  the  most  part  in  Imiliug  ixjint  with  the 

K'l  <lly  |>rc-p,tred  isoparaffins.     The  Uiiling  points  uf 

llii;  ..->  „,..^_  -.■.-  .^   .^ilijws; 

NormAl.  bo. 

BuUne,        C,n,o  OOC.  (32©?.) 

Peulane,       CjH,,  360       l(»0.4O  30°  C.  (  8fiO  F.) 

llexaue,         V,\l,^  fl»0        1.')|J.20  (jio         141.8 

Heptane,       f.U„  9SO       208.40  plO         1!..5.8 

l>cuiie,  clll,,  1240       255.20  II80         244.4 

Tlie  liriiliH);  [Hiints  and  specific  gravities  of  the  higher  paraffins  of  iin- 
ktiowu  »lf  ucture,  obtained  from  the  same  sources,  are  as  follows  : — 

BoUId;  point.  Siieclllc  gr»»lly. 

130— 13SO  c.  (276.3 — 280.20  F.)     0.741  at  ISO  c. 


Snnane, 

I'l^oane. 

Endr^c^ne, 

Do<im-an», 

Tridwaiie, 

Tetradweane, 

PeataiU-cono, 


Cull« 


11)0— 1020 
ISO— is-io 
I9r — 20015 

21 1;— 21 KO 
o.l(>_34(iO 

25  « — 2i;oo 


320    — .■123.  (jO 
SSO    — 3tl3.20 
384.8__35(20 
420.8 — 1210 
4.'.«.8— 41143 
4a0    — 501IO 


0.757 
O.7C0 
0.776 
0.792 


150 
ICO 
200 
200 


AtiierlcJin  petmliMim  likewise  yields  a  quantity  of  liquid  boiling  al>oT« 
30()0.  and  doul'llcs<s  ivintaining  p'aralling  of  still  higher  order.  Some  sim- 
dmeriB  of  the  cnoleoil,  as  it  issues  from  the  ground,  contain  ethane,  C,I1„ 
•tid  propane.  Cjll,,  which  are  given  off  from  it  aa  gas  at  ordinary  lempera- 
tnrf'".  In  iK.ring  for  nil  aUo,  l.nrce  quantities  of  gas  escape,  exhibiting 
tbr  rh»rBctiT«  of  mothnne:  henee,  It  i^«  proljable  that,  in  the  great  geo- 
loL-  l.icli   have  given  rise  tn  the  separation  of  the  \>e\.vo\v\\V(\ , 

Ui'  '  paraJBiM  hire  been  fomiod,  from  marsYt-gaa  w^'wwi*.. 
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Solid  parnffln  is  a  colorloss  crystalline  fattjr  sabstaniw,  pm^wMr  i 
sisliii);  of  a  mixlure  of  scriTal  nf  the  liiKlx'r  iiiniitM^rg  of  lliv  »•  ' 
WluMi  lii.'aUul  for  gome  tiiiii'  in  a  biviIimI  IiiIm",  it  is  n-i^ilvixl. 
no  cvuliition  of  ;;as,  into  a  uiixtiiri'  nf  uli'tiiirM  uiwi  parnfBnit  i  i 
oular  Wi'iglit,  whiob  rrniiiiii  liquiil  at  unliiinrr  tviii|>»Ta(iir<-!<. 
formation  is  i-asily  lUiilcrsltMKl :  tliu  liviliiK^arlHin,  C^M„,  U 
might  be  resolved  into  t'iH|j4-  ('i|iHi„.  or  '",H,,-f-  t-'uHjr  '"■  ^'t"««  +  *-'b 
etc.,  the  general  equation  of  the  dueomputiitiuu  being, 

PxrufflD.  Paraffin.  UleHue. 

The  product  a<;taalijr  obtained  is  a  mUlure  of  (creral  paral&ns  and  i 
olefiiies.* 

I'arafBn  is  found  native   in   the  eoal-uieosurcs,  and  other   bitumii 
Btrata,  constituting  the  minerals  known  ms  jawiil  ■ruj-,  itftrn-iu,  Au/<-Af4 
etc.     It  exists  a Iho  in  the  stule  of  solution  in  ninny  kiniU  of  (lelrtiled 
and  may  bo  sepnratiHl  by  clistiliinx  olf  the  more  volatile  fxrtion*.  aii4l 
]Kising  the  remainder  to  a  low  temperature.     In  a^iniilnt  \\a 

solid  iiaraffin  be  olitain(Hl  from  the  tnr  of  wood,  eoal,  an>l  i«l 

It  was  first  prepnri-<l   by  Iteirbeiibaeli   from  wood-tar.      li    i-   u 
iuo<lorous,  inKolulile  in  water,  slightly  solulile  in  uloohol,  freely  | 
and  nii.seible  iu  nil   proixirtions,  when  melted,  with  tixed  ur  vnlj 
It  burns  with  a  very  bright  flame,  and  thotte  varieties  of  It  whirliil 
temperatures  above  45^  t'.  (113^'  F.)  are  very  hard,  and  well  ad« 
making  candle.';.     Paraffin  is  largely  usi-^l  also  as  n  sulMtitute  fun 
for  dipping  match(« ;   and  Dr.  Cjtenhouso  has  pnteuti-d  itJ<  appllo 
woollen   cloths,    to   increase   their   strength  and    make    i^ 
More  extensive,   however,    are   the  uses  of  the   liquid   . 
parnfline  aeries,  known   in  wimtnfree  as  /wini/Zin   oiV,   / 
rupionr,  etc.     These  oils  are  largely  used  for  burning  in  I 

mixwl  with  fatty  oils,  such   .v<   rape  luid  eolton-!iivd  oil   

materials  fur  lubricating  mnchinery.     Kor  the  lormor  purposn 
fxeeetllngly  well  ailapUsI,  as,  with  a   prop«>r  supply  of  air,  lU«y| 
mui'h  brighter  light  than  that  obtained  from  fatty  uilM  wntaiuUlg  < 
and  are  much  cleaner  in  use. 

It  is  necessary  to  observe,  however,  that  natural  |l»lt^'l  '   ib«< 

obtainetl   by  the  dry  distillation   of  winl,  etc.,   at   l<iw    i 

mixtures  of  a  great  numls-r  of  |iiir.iirin«  diiier'v  •   •'  

that  to  render  them  safe  for  burning   in   lam, 

Ihey  must  be  freitd   by  distillation  from  lli<r  m 

series;  otherwise  they  will   lake  tire  lou  easily,  ami  when   llivjr  In 

heated,  will  give  olf  highly  inllHmmnble  vapon,  whivli,  niixin?  wji^ 

air  in  the  bo<ly  of  the  lamp,  may   easily  prrxluce  danv  ' 

mixtures;  serious  a<'0ideuts  have  indent  arisen  fn^m  il 

lM«en  found   by  ex|»'rience  that  il  la  not  safe  to  use  pariiiliii  •■n  wnifi 

take  fire  on  the  n|iplir,iiion  of  a  match  and   burn  routiuuously  at  a  I 

peraturo  below  3S  C.  (100.40  K.). 


SkOOVD   SEttlES,  0,llj,. — OLKriKR*. 

Th«  hydrocarbons  of  this  terlea  are  nolymnrio,  oa  w«U  •■  )uimnl<i««4 
«rltli  one  another,  inaamiieh  as  their  foruiul»  are  all  . 
that  of  thu  lowitt,  C'll|.     Tbu  luwitr  mtimlNin  of  ibu  tvrj 

*  Tbotp*  aoU  Y  OU  Of  (ihrUhlr  d«r  d«ul«eh«n  (ft^mltehen  cmcIIw  ,  Mil 


OLEFINES. 
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<  Ivmperatare*,  the  higlivr  niemliers  tire  solid,  and  the  intermediate 
^{•'und5  liquid.  The  names  nntl  formula.*  ot  the  known  members  of  the 
W »wie»  »r#  (fiven  in  UiB  following  lable  ; — 

Bene        or    Ethylene C,H, 

Opene      or     Propylene  .....  C,H, 

Tetrene,  Butane,  or  But.vleDe ^^'Ig 

Pentene       or     Amylene ^'jHw 

Hexeue        or     Herylene '■'e"ij 

Ucptvnc      or     Heptylene t^^Hn 

Octenr         or     Octyleiie *'»Hie 

Nonene        or     Nonylene  ......  ^'§11,1 

Divfiie        or     I'aramyleue ^lol^a) 

HirJCilecvne  or     Cetene ^'lalin 

CVroleuo    .........  l-'„Hj, 

llelene        or     Melissone (-'aoliw 

CH,,  th*-  lowest  term  of  the  suriea,  does  not  appear  to  be  capa- 
[  existing  in  the  sioparate  atate. 

\<^the  Olcfines. — 1.    By  alwtraction  of  the  elements  of  water 
he  »Ic»hols  of  the  series  C„ll,„-(-,0,  hoiuologoas  with  conmion  alco- 
liJfr   tlie  inrtiience  nf  |x>w«rful  rtiOiydratin^  agents,  such  as  oil  of 
phosphoric  oxide,  or  tiuv  chloride  ;  thus  : — 

C,H,0        —        H,0        =        C,H, 
Ethyl  ■leubol.  Water.  Etiieae. 

iy  heating  the  monatomie  halo'id  others,  C„H,„+,Br,  etc.,  with  alco- 
~  ition  of  potash,  or  by  passing  their  vapors  over  lime  at  a  dull 

r^n^Br     +     KOH    =    C,n,    +     H,0    4.     KBr. 
Ethjl  bromide.  Ethene. 

,       2f.  H,,C1    +     CaO    =    2<\II,„    +     H.,0    +     CaCl,. 
fiyotjrf  rhlorlde.  Pentcne. 

><-(iniidarv  and  tertiary  alcohols,  and  their  hnlnid  ethers  are  con- 
int"  nlrfines,  by  this  and  tlie  prettMliu);  rcjiction.'*,  iiiori'  roadily  than 
imary  aloolinls.  The  higher  alcohols  of  the  «erit»,  t'„H^+.j(t,  uu- 
blhis  clianj;>-  when  merely  heated  ;  cetyl  nh-ohol,  C|,II„0,  for«xauiple, 
lived  by  distillation  into  H,<)  and  cetene,  (',,1!^,. 
I.  Br  the  deoomiKMition  of  the  paraffins,  at  the  nuiment  of  their  forma- 
fk,  \ir  llie  action  of  xinc  or  sixlium  on  the  alroiiolic  icnlides  of  the  monad 
^■-nMlicl.w,  C„U^+  1   (see  p.  4!l2). 

HBy  the  action  of  tlie  same  iodides  on  the  aodiiun-oompounds  of  the 
BrMlicle* ;  for  example : 

K,H,I        +        r,H,Na      »      NaT      +      C,!I,      +      C,H,. 
£tliyl  S<iilluin  Soillum  Gttieae.  Ellianr. 

Uxlide.  ethyl  Iodide. 

5.  By  decompfisitioM  of  the  hydroxides  of  ammonium  hiisi-s  cjiiitniiiln); 
ur  tlom<  of  A  ninnml  alcohol-radicle  (p.  4**0),  thc.*c   ■•i.iiii>iiiinils    when 

ruplitling  up  into  a  tertiary  monamine  (p.  4^^?)  and  an  olcfine  ;  thus  : 
N-(C,H,),(HO)      -      N(C,HO,      +      H,0      +      (:,II,. 
TeircthyUnnnon-  Trlethyl-  Water.  Etbene, 

luffl  hydronidc.  amloe. 

,  OleBneo  are  formed  by  the  decomposition  of  acetates  and  hntyrates  at 
1  heat,  distilling  over,  together  with  several  other  products,  from  which 
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they  Are  »oparate<l  >>y  oombining  therm  with  bromine,  and  heating  tlM 

siiltiujEc  brdinini'-conipouuds,  C„Hj„Hr,,  to  2750  with  copper,  w«t«r, 
polJL^iiium  ioiiiilu.     In  tlii-i  maiiut-r  Uerlhelut  hoti  ubtuined  etheue, pix^ 
bulvue,  and  pentrne. 

7.  By  elwtrul.v8is  of  th«  alkali-salts  of  bibasic  acids.-  «.  g., 

C.H.O.        =        C,H,        -J-         2C0,        +         U,, 
Succknlu  Held. 

8.  By  heating  the  dintotuiv  haloid  others,  C„H^C],,  etc.,  wilhiolial 

C,H,C1,  -t-  Na,  =  2NaCl  +  C,H,. 

9.  Several  of  the  olefine.^  may  be  produced  by  direct  synthesis  from  a 
hydrocarbons  of  nimpler  constitution,  or  their  lialoiil  derivatives. 

a.    Ethuue  is  foruit-il  by  tlio  action  of  nascent  hydrogen  upon  < 
auutyloue : 

CiH,  +  H,  =  CjH^ 

B.  Propene,  C,Hg,  is  formed  by  passing  a  mixture  of  methane  i 
monoxide  (oxyuiutUene)  tlirougU  a  red-hot  tube : 

3CU.  -f  CO  =  H,0  +  C,H,. 

Also  by  the  action  of  trichloromethaue  (chloroform)  on  xino  ethld 
2ClR'lj  -f  SZnCCjlIj),  =  SZnO,  -f  4f,ll,  -|-  2CII,. 

y.  Penteno,  t'jH  „,  or  a  oomponud  isomeric  or  polymerie  with  it,  is  fal 
by  the  action  of  zinc  etbide  on  propeiiyl  (allyl)  iodide: 

2C,ll5l  -f  Zn(C,U,),  =  Znl,  -f  2CsH„. 

Conslilulinn  ami  lietirtiont  of  the  Otefines. — ^Tliese  hydrocarbon*  in  tlM 
state  may  )>e  Bup|x>si'il  x»  have  one  pair  of  their  carbun-atoms  Unki 
gether  by  two  combining  anits ,  thus : 


CH, 

II 
CH, 

Ethene. 


CH, 

I 

CH 

II 
CH, 

Propene, 


In  all  the  hichcr  mi'iul«'ra  of  the  serins  this  structure  admits  ( 
modilicatioiis  -,  three  for  buteae,  dre  for  penteue,  etc.,  as  will  present] 
further  rfinsideretl.  ** 

With  two  osrlKin-stoms  thns  donbly  linked,  the  oh^flnes  present  tlW 
pearanoe  of  saturated  mok-culcs  incj«p;il>l.'  «pf  uniting  with  ninnati 
cleuients  or  rndiilfs.  Under  the  influenre  of  chlorine,  brfimine,  and  iod 
howfver,  they  undergo  a  change  of  structure,  the  doulile  linking  ol 
two  onrtwn-ntnuis  iN'ing  ])ftrtly  broken  up,  so  that  these  alums  r(| 
nnited  by  one  eouihiniiig  unit  only,  and  the  liydrorArlx)n  becomes  al 
lent  radicle,  capable  uf  taking  up  2  al«.imsof  chlorine,  bromine,  etc.,  I| 

CH,  rH,Cl  j 

II      +     CI,     =      I    •  I 

CH,  i:h,ci  I 

The  reanlting  diatomic  ethers,  treated  with  silver  acetate  or  pntaf 
ao'tate,  exchange  their  bromine  for  nn  equivalent  cjuanlity  of  the  hnlq 
residue  of  the  acetate,  C,ll,U,  (p.  481),  giving  rise  to  diatomic  ooetio  < 
tlius: 


0LKF1N£8. 


OjBr, 

ttbfM 

hnmUt. 


2t',H,(\K 

Potnitium 
Kcetftt«. 


.      2KBr      + 

Potnsstum 
bromide. 


(C,H^{C,H,0,), 

Eiheue 

dlikcetiite. 


iilh«n,  dutiUed  irith  a  caustic  alkali,  yield  diatomic  alcohols  or 
fcr  i!xaniple : 


EllirDe 


+       2KUO 


=       2t',H,(t,K 
PotAftiium 
Boetftte. 


+ 


((•,U,)(<1H),. 
Ethvne 
alooliol. 


TF-  i.-.....i.!.-,,   C^Hj.Brj,  heatwl  to  2760  C.  (527^  K.)  willi  a  mixture 
Ic,  r<.>p|>er,  aud  water,  K'^'"  "P  (l>*'>r  bromine  and  repro- 
Iti  i!  olijliiip,  togetlKT  with  other  hydrticarbons  (p.  493). 

fcime  uleliuea,  when   briskly  shaken   up  with   strong  nulphiirir  arid, 
riih   it,  forniing  acid  etiiers  ot  xulphuriv  acid,  which  ooutaiu  tha 
aic  aloobol-radides  analogous  to  th«  olefines  ;  tluis  : 


Elbrne. 


H,SO. 
Sulphuric  acid. 


t',H,.HSO,; 
Kthyl'iuliJliuric  acid. 


.acid  ethers  distille)!  with  water  reproduce  sulphuric  acid  and 
lie  alcohol  analogous  to  the  oletiiie  : 


Jphurle  acid. 


H{OH) 
W»t«r. 


H,SO. 


c,ii,fon). 

Ethyl  ulcohul. 


fuminj;  sulphuric  aci<l  (which  contains  sulphuric  oxide  in  sola- 
I  olefines  yield  siilpho-acids  which  arc  isomeric  with  the  preceding, 
not  deocnnpose<l  by  water  with  formation  of  an  alcohol, 
Aims  unite  with  hi/<irocJilnrir;  hi/droliromic,  niul  hydrindie  aridt ;  and 
Iting  compounds,  treali-d  with  silver  oxide  in  presence  of  water, 
•  M  two  different  reartioiis  which  go  on  simullaniKuisly,  one  part 
mniptiund  exchanging  its  halogen  element  for  hydroxy!,  and  thereby 
Bg  an  alcohol,  while  another  [wrtiou  gives  up  liydrwhlorio,  hydro- 
or  hydriodiu  acid,  reproducing  the  original  olellne: — 

2(C,H„.H1)  -I-  Ag,0  +  H,0  =  3Agl  +  2C.H,.0 

Hexene 
bydrlodlde. 

8(C,H„.HI)    +     Ag.O     =    2AgI    +    ll/t 
hyilrluUltle. 


^ 


Hexyl 

alcohol. 


Hexene. 

also    nnito    with  hgpnrhlorous  acid,  forming   compoundii   called 
ic    chlorhydrius;    c.y. : — 


CH, 
CH, 


ClOH  = 


CH,C1 

(-■ILOII 


jrenl   hydrogen  (cvolred    by  line   and    lydrochloric  acid)  they 
xl  into   paraffins;  <■.  7.^  C,H,+ H,  =  C,H,. 

•In"  yield  )>araffinH  when  heated  with  ooiKvntratwt /o/i/nnrfic  Kcirf, 
liodoparalfin  formed  in  the  first  instance  being  reduced  by  a  second 
»  of  hydriodic  acid  ;  t.  g. : — 

CJ^^  4-  HI  =  C,H,I ;  and  C,IIjI  +  til  =  C,II,  +  I,. 

I  af  lAe  Ol^nes. — Those  bodtei),  under  the  influence  of  gnl- 
f  »rtd,  line  chloride,  horon  fluoride,  and  othi-r  reapents,  even  at 
J  temp<»ratnre«,  become  polymerized  by  Hie  linking  together  of  two 
►  molecules.  In  this  manner,  isopentene  or  aioylene,  CjO,,,  may  be 
I  into  C,,H„,  C'ljHjj,  etc.     J'rojiene  and  Inilevie  may  also  be  ifo\^- 


are     ^H 
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merited,  but  ethene  is  not  xiolyinvrised  either  by  sulphario  tttU  irl 
boron  fluoride.     Tbi-  polvmurio  liydmonrbonK  tlias  formed  are  d/od 
cK's,  cniintilf  of  uniting  dirwlly  with  .'lilorinp,  rtc. 

The  following  ditt>,'riira  exhibits  thf  conviT»ion  i>(  igopcntenv  or  (luitlran 
into  (li-am.vlfnr,  ^illowing  that  the  Iftlter  nlso  tins  tno  of  its  (.-arlmu  »!<««» 
duubl.v  linked,  iiud  may  therefore  aet  as  a  iljrad  riMlicle  : — 


CII. 


^f<c'u: 


no 
I 

H,C 
H,C- 


CO, 


Cfl, 
Amylene  (1  mol.) 


u,t 


I.      ,1, 


7' 


H 


DUmyleaOi 


Etbene  nr   Etbylena,  r,n„  »ls«  calleil  <■''  i.  pr-.tua 

in  tlie  drv  clislillaiiiin  iif  mnii>'  org.'vnic  bodira,  ami  eli.-  mn" 

of  al«iut  ti  per   cent.,  in  oonl   gna.     It  is  most  casil.  ,.,  '      '    • 

strong  alcohol  with  three  or  four  linn-s  its  weiglit  of  »ii. 
(p.  llifi).     It  \»  »  <ui|orleM  inllhiuniiible  gas,  whieh  Ixw 
whiln    (Iikuiis     Wlieu  exposed  to  a  strong  pn^Hure  at  a  titi>|<ri 
—  UoO  (,".  ( — l(ili<J   P.),  it  conden.i<«  too  licjuid  which  diMW  not 
llH  s|H<eilii;  gravity,  referred  to  hydrogen  us  unity,  i»  14,  showing 
moleenlc  C,H,  has  the  norinnl  2-volunie  condniiKntiou  : — 

2xia->-4xi      14 

2 

Ethene  unites  readily  with  ehlorine.  hromine.  and  iodlnn,  fanning  ' 
liquidii.     Kuniing  hydriinlie  niid  alioorlis  it,  with  foi'i><<i"'<>    ''  ■  'i  v|  J 
C'jIJ^i.     It  diflsiilveH  also  in  8trong  Hulphtit-it-  aeiil.  <i>| 

lion  at  iirdinm'y  lemperatiirKS,  eiuily  nnd  eomplet'l 
347°  K.).     The  pro.lurl  i«  ethylnu'lphurie  «eid,  C,U,..S>,I1,  wlii.li.  »J« 
botlcd  with  witter,  yields  ethyl   iilc<ihol.     Klheno  is  oxidl/itl   l>jr  ch 
BL'id  til  nldehydi',  (',li,0,  and  by  ^Kilausinui  |Hirm»iiganat«  to  gs«li«  i 
formic  ai'iil. 


Propene,  (',H« 


Clf,— CU_cn,,  is  fonnwi  (1)  Bjr  hvating  pwR 


I'lopyl  iudldo  with  aleuUolic  potash  solntiun  :- 
C,H,I  +  KOH  =  C,H,  +  Kl  -i-  n,0: 

(2)  rsy  tho  action  of  rniseenl  hydrngnn  (from  tino  Uid  hjrdfTOktorio  I 
or  of  hydriodio  »cid,  on  Jillyl  iiKlide  ; — 

C,ll.l+  HI   »  (•.11,+  It! 

(3)  Tiigeth'T  with  other  prwinets,  by  posting  the  ^ 
Aliidiol  or  butyl  nl«"liiil  ifimti^h  ii  r>-lli.>t  iiiIt,^.     Ii 

r'rojirne  l»  a  ■"•lotl«" 
It    <li!>!)olTRa   rtiodtly   in  ■ 
lalhlo  : 

CH,-Ctt-~vxit  +    iH   -   (;ii^:hi— ai,. 
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•  ne.orBatylena,  C,n,.    Of  this  hjrdrocArlmn  there  are  tbreg_ 
iliuus,  ri-pri-seuted  by  the  following  forniulie : — 

1.  But*■n^  CH,— CH.— til     Cll,; 

2.  Pueudobutsne,  Cll,— CE=C'H— t'H, ; 

3.  kobutene,  j,'p]^CII^CH,  . 

trmat  bvltnt  la  produced  by  abntraction  of  HI  (action  of  alcobolio 
Jroiu  nurmni  priiuiiry  butyl  iodidr,  I'll, — L'll^ — l.!H, — L'H,1,  and  bjr 
00  uf  liitc-tilhjde  uu  bruuieUieuu  : 

-CHBr)  +  2n<^{]'[^!||»  =  ZuBr,  +  2(CH,— CH^— CH=CH,). 


St  ordinary  temperatures,  and  condenses  at  — lOO  C.  (14°  F.) 
lid  which  l«il!i  at  — S'J  C.  (23^  F.).  It  iinit«i  with  hydriodio 
ming  ncooudary  butyl  iodide,  Cll, — L'll, — (.'UI — I'U,. 

nHiloliutene    is    formed    by   beatiii);   se<v)ndary  or    pseudobutyl 
ir  the  curreiipoudiug  alooliol,  with  aleoholic  potash,  or  with  Kilrer 
It  boils  at  -ViJ^l^.  (37-+-'  F.).  and  solidifies  at  low  tcmja-ratures. 
t  with  HI,  reproducing  Buoondary  butyl  iodide. 

thuten*  is  produced  by  the  action  of  alcoholic  potash  on  isobutyl 

^^>.CU— CU,1,  or  on  tertiary  butyl  iodide,  {}»|^i>(.l  — Lll„    or 

)f  sulphuric  acid  on  the  corresponrling  alcohols.  It  is  also  formed 
ng  the  «-a|)or  of  isopeutyl  alcoUd  througli  a  red-hot  tube,  and  by 
rolysia  of  ituraleriu  (ordiuaiy  valeric)  acid. 

eiie  is  ga.-e<)us  at  ordiuary  teui|>erjilure»,  but  condens<«  at  very 
K-ratun-s  to  a  liquid,  which  U'ils  at  — C^.  Strong  hydriodio  aeid 
It,  with  formation  of  tertiary  butyl  iiKlide.  Willi  sulphuric  acid 
logetber  with   [Kilymcric  butcnes,  tertiary  bulylsulphuriu  acid, 

j'h  •**'''''•  wl^eu  boilod  with  water,  yields  tertiary  butyl  al- 

bromidps  of  the  three  isomeric  butencs,  C,H,Br„  boil  at  the  fol- 
lin|>eralure«  ; — 

I   Kormal.  Ito.  Parudct. 

p.  (330.8^  F.)-        16»=J  C.  (31S.20  F.).        149<^  C.  {3m.'2^'  F.). 


I 


|eil«B,  C(H|»>    Of  the  four  possible  modificAtions  of  these  hydro- 
CH,  CH  Cll,  C 


I 
CH 


i  >  «  i 

CH  CH,  CH  CH, 


CH,  CU, 

irmal  Ptntena,  or  Ethfl-allyl,  C,Hj.C,Hj.  is  formed  by  the 
f  Kxliura  on  a  mixture  of  the  io<iides  of  cthvl  and  allrl,  or  of  linc- 
I  allyl  iodide.     It  boils  at  37°  C.  (!l».BO  V'.)  ;   unites  with  Uydrv- 
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odlc  aoid  to  form  tUo  »eooadiiry  iodide,  CH,— CHj— C'H,— CHI-Ctf» 
IHC  <^^  •     Its  bromide,  C.HM^Br,,  bolls  »t  175©  C.  (3470  F.). 

2.  Itopentene,  or   Amyttnt,  is  obtained,  together  with  isopral 

by  distilling  ordinary  amyl  alcohol,  y'^^^Cll — I'll, — l.'H,OH,    with 

phuric  acid  or  iinc  chloride.     It  is  a  colorless  mobile  liquid  haviug  a  fl 
grant  odor,  a  density  of  O.0U3  at  0-',  and   boiling  at  35<-  C.  (95<J  F.). 
bromide  boils  at  170-1800  C.  (33S-35(iO  p.),  with   imrtial  deoom)»«iti 
Isopentenu  uiiites  with   hvdriodic  ai'id,  forming  another  seooudarv 
iodide,  (CIlj)/'!!— CHI— til,. 

Isopentene  shaken  u[»  with  sulphuric  acid  (previously  diluted  with  httf] 
its  bulk  of  water,  ami  cooled)  is  convertJ-d  into  several  polymeridrji,  vii 
diamylene,    (",oIl».  'wiling  at    15(!"  C.   (SIS-S-J  F.)  ;    triamvl»« 
C„H_,  at  240-2.')llO  C.  (4«0-4ti2^  F.)  ;   tetramy  lene,  <V'».  »t'3«"° 
(ti44^  v.).     They  are  oily  liiiuids,  uniting  direotly  with  bromine. 

3.  The  third  mixliflcntion  is  not  known  with  certainty,  but  is 
identical  with  a  peutene,  boiling  at  2.'i3  C.  (77°  F.),  obtained  by  the  I 
of  concentrated  ulcolmlic  potash  ou  isopentyl  iodide.* 

4.  The  fourt)!  imxlification  is  obtained  by  the  action  of  very  strong  sla 
bolio  potash  ou  tertiary  poutyl  iodide  : 

H,C      CU,  H,C      CH, 

n  I  C 


CH, 


H 


H 
CH 

CU, 


It  boils  at  350  C.  (95°  F.),  uniU-s  with  bromine,  and  with  fuming  hyiW-| 
odio  oeid  at  lOOO,  reproducing  the  tertiary  iodide. f. 

The  higlier  olcHiies  have  U^n  but  little  studied.     They  are  obtainM 
from  the  corres|K>nding  alcohols  and  iodides  by  the  methods  above  daacrib  ' 

Hexene,  «r  Hezylene,  C',H„.     Two  hydrocarbons  of  thi* 
position  have  lu'en  obtained,  oue  from  seeondary,  the  other  from  trrtisf 
hexyl  alcohol.     The  former  has  a  specilic  gravity  of  O.tifli)  at  VO,  and  boil 
at    (i5-«HOC'.  (I4n-15(l.HO  J.".);    the  latter,  which  occurs  in  the  light  oil 
from  Boghead  and  Caiinel  tar,  boils  at  7o3  C.  (lib'-'  V.). 

Heptane,  or  Heptylene,  C,H„,  alsocalledinuinrAyeiie,  is  for 
from  secoudary  heptyl  chloriile;  also,  by  treating  Iieptyl  aldehyde  (ceua 
thol),  C,H„(1,  with  phosphorus  peutitehloride,  ami  decomiHwing  the  rvsati 
ing  chloride,  1.,1I|,C1„  with  so^iium.     It  boils  at  KKlO.     The  same  hydn 
carlmn  occurs  in  the  light  oils  from  Boghead  and  Caiuiel  lar. 

Ootene,  or  Ootylene,  CgH„,  occurs  in  the  same  oils,  and 
easilv  prepared  bv  distilling  seeondary  octyl  ali^hol  with  sine  chlori 
It  Iw'ils  at  1250  C."  (2570  F.). 

Cetene,  C„H„,   Cerotene,  C^H^,  and   Melene,  C„H^ 
{brmud  by  destructive  distillation  of  the  oorreaiwudiiig  aloohuU,  or  «ub- 


•  FUvlltVy,  t,tel>iR'i  Annnlen,  rlxix.  »5 

t  ErniolKlew,  ZellBohrift  fdr  Chemle,  tSTI,  tTt. 
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I  (UUliiiDg  thi*ui ;  cetene  from  spermkceti,  cerotene  Crom  Chlarsu 
Mfriiiu  fie»*swax. 

lao  "il/  liquid,  boiling  at  275©  C.  (527°  F.);  oerototie,  a  crya- 
xolid ;  loclcue  crygt&Ulxte  from  liut  alcohol  in  soUes,  which  melt  al 
.(143.BOF.). 


TuiBo  Skbiek.- 


Jl. 


Etkine  or   Acetylene  Serieii, 


hydrooarbonB  may  be  arranged  in  two  collateral  series  differing 
>  another  in  structure  and  in  propnrties.   The  following  are  kuoK-n : 


i 


Ethine 

Propine 

Pentine 

Hexine 

Heptine 

Octine 

Decine 

Pentadecine 

Baxdecine 


Series, 
or    Acetylene, 


c 


AUylene, 
<  Valeryleno, 
Hexoylene, 


Deoenylene, 

Benylene, 

Cetenyleno, 


C,H, 
C,H. 

C,H,|, 
t',H„ 


BolllDg  Point. 


^Scriea 
t  Allylcne, 
Ctotonylcnc, 
0  Valervleuc, 
Diallyl,' 
Katylene, 


C,H, 
C.H.0 


60OC.  (122  op.) 
BOOf.  (17«  OF.) 
1070  C.  (224.  (JO  F.) 
1330  c.  (271.40P.) 
1650C.  (329  op.) 
2250  C.  (-437  o  F.) 
260OC.  (536   OF.) 

Boiling  Point, 

180  C.  ( '64.40  p.) 

4SOC.  (113    op.) 

690  C.  (138.20  F.) 

150O  C.  (302    O  p.) 


A  general  method  of  preparing  the  hydrocarbons  of  the  c  series,  consists 
alioj;  the  dilimiiiides  or  di-io<li<lL-8  of  tlio  oleflncs  with  alcoholic  pot- 
,  the  reaction   taking  place  by  two  stages,  a  lonuobrominated  olulinu 
;  fint  formed,  and  then  deprived,  by  the  further  action  of  the  potiuh, 
I  elements  of  hydrubromic  acid  ;  thus — 

C,H.Br,  +  KOII  =  KBr  +   ",0  +  C.n,„_,Br, 
C.H,._,Br  +  KOU  =    KBr  +  ^,0  -f  C.H,^.,. 

lie  reaetion  amonnts  to  the  abstrnetinn  of  2nBr  from  the  oicflne  dibro- 
t,  and  shows  that  the  hydrocarbiins  of  this  series  have  livo  of  their 
I  atoms  united  by  three  oomhiulng  units  ;  thus — 


CH,Br 


—        2UBr 


CH.Br 
Ethene  dlbromlde. 

CH, 

CHBr         —        2HBr 

CH,Br 

Propene  dibromlde. 

43* 


CH 

CH 
Acetylene. 

ClI, 
Allfleaa. 
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Acetylene  does  not  admit  of  an^  other  moiliDcstion,  at  least  in  tii«  fiM 
state ;  Ijut  in  alljlenc,  and  the  higher  uivmbors  of  tht*  sorivs,  aiiutiuc 
mixie  uf  grouping  is  pobaiblv,  as  slion'U  \>y  the  following  furiuuUv:^ 


CH,=C-CH, 

fi-Allyleoe. 


DIMlyU 


Th(>   hydrocartxins  nf  this   latter  (0)  lubseries   are    formed    b;y  ririoiu 
reaotions,  iS-all>-lvuo,  for  example,  by  the  eleclrolyaiii  nf  iuooulc  acid  :— 


CJf,— r(X»H 


-L 


2C0,    +     H,    +      «• 


r'- 


Itaconio  add. 


n 

CII, 
^-Allfleoe. 


The  bydroearbons  of  the  two  salseries  Ifkewiae  differ  in  onrlain  cV  I 
properlii*.     Those  of  the  «  si-riea,  whi-n  Ireatinl  with  an 
tion  of  argentic  or  ouprous  eliloriJe,  yield  nii'tnllle  ili-riv. 
of  ery.stnlline  pnwipilatvg,  wliii-h,  when  heated  with  liy^l; 
produee  the  original    hydroc.irboiia.     Tliia   reaction   iffi'r  i-    i     .n* 
method  of  «i'paratin){Be<"tylene  and  iillylnni'  from  othrT  >;:i-'  -      1  lis] 
carbons  of  the  S  KuliBeri(>8  do  not  yii<l<t  tlo'^e  uirtallie  di-rtvatlvcai. 

When  the  liydnwarbonHof  the  ■  nubserii'S  are  subjoct<vl  to  tli»  tetlen  I 
chlorine,  bromine,  and   other  powerful  reagentt,  the  ci>:- 
the  trebly-linktxl   carbon  atoms  Ixcumt^a  lcHueui'<l — a« 
olefini^ii — i»  Ihnt   the  niolenile  wliii-h  was  previously  sauiuuHi   uxv 
bivalent  or  quadrivalent :  thus,  iu  the  uoae  of  acetylene, 


c— n 

Saturated. 


— (•— 11 

H 
— C— H 

BlralCDt, 


— <•— II 

I 
— (■— U 

I 
Quadrlrateot. 


lien  agitated  with  hydrobromio  or  hydriodie  aeid,  thny  take  up 
two  inoli-euli\4  of  these  aci'l-s.  The  ilihydrobromiilixi  and  dihydriodia 
produced  have  Iheaamo  iiom position  as  the  dibroiuidva  of  the  olclln«aY 


The  two  clasnes  of  boUea  are,  however,  iaomerie,  not  ideDtloal. 

Acetylene,  or  Bthlne,  C,n,. — This  hydt 
constitUL^it:!  of  coal  ga-s. — It  is  prtiduccd — 1,  By  »y  »;  i. 
When  an  eli-i'trlo  are  from  a  powerful  voFtuiu  battery  p  i-,: 
poles  in  an  atmosphere  of  hydrogen,  the  lartmn  and  hyiii 
proportion  to  form  othim*. 

2.  By  llie  action  of  hi<at  upon  ethene,  or  the  vapor  of  alcohol,  atlief, 
wood-spirit,  or  by  parsing  induction-ipark«  through  inarsh-goa. 

3.  By  pausing  the  vapor  of  chloroform  over  Ignited  copper : 

2cnn,  +  cu,  =  3ru,n,  +  c,n,, 

,  .. I  ountAiningcarboit  aixl  hyil'^ 

gen  ;  for  example ; 


4.  By  the  liimmplete  oombuKtioa  of  liodieii  i 
.  //.-  ..». 1^ . 

4CU,  +  0,  «.  iiii,o  4-  ayj, 
»\H,  4-  0|  -■  au,o  4-  siyir 


BTHINK,   OB    ACKTYLENK. 
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Iderable  qaantity  in  the  imperfect  combnation  which 
iiux  In  A  Bunst^ii's  gas-burner,  whi-u  thi'  llauie  strikes  down  Mid 
bams  at  th«  sniali  orifiou  at  the  liottoiii  ot  the  tube ;  it  may  be  uul- 
aoil  purified  by  aspirating  the  gas  through  an  aiumoniat:aI  uopper  ur 
laolatjon. 
'  passing  a  mixture  of  marsh-gas  and  carbon  monoxid»  through 
lube: 

CH.  +  CO  =  H,0  +  C,H,. 
action  of  alcoholic  potasli  on  mouobromcthcue : 
C.IIjBr  +   HKO  =  KBr  -f-  H,0  -f  C,H,. 
f  tha  eleotmlyais  of  fumario  or  m&leic  acid : 

CA<J^[Jj{|  =  2C0,  +  H,  -I-   C,H,. 

id«  ar«tylene  obuiincd  hy  either  of  these  processes  is  purified  in 
niiiT  above  ni<-ntii)ne<t. 

riene  is  a  colorless  gas  of  spt'cifio  gravity  0.92,  having  a  jx-'caliar 
pleasant  odor,  modi-rately  soluble  in  water,  not  condensed  by  cold 
ore.  It  burns  with  a  very  bright  and  siuoky  dame,  one  volume  of 
ocMDSuiuing  'JJ  volomes  of  oxygen,  and  ]»ro<liicing  2  volumes  of  ear- 
tzide.  When  niix6<l  with  Morinr,  it  detnuiitcs  almost  iustantly, 
diffused  daylight,  with  separnlion  of  cnrtmu. 

rIene  passed  into  an  ammoniacul  solution  of  cuprous  diloridr  forma  a 
pttate  consisting  of  ouproso- viny  1  oxide,  t',(l'uj),U,0,  or 
j)H],0,  that  is  to  say,  vinyl-oxide,  (t'jHj)/*,  having  four  of  its 
fen-atoms  reyilaw-d  by  four  atoms  of  (ainiarenlly)  univalent  (X)i)jH)r 
381).  The  constitution  of  this  compound  may  be  understood  from 
loiring  fonuuUe : 

H    H  II  H 

II  f^V        J  I  Cu 

"-■'  •   "^  C=C— 0— 0=C 


H    H 

Vloyl  oxide, 


J>' 


^<J. 


Ouproso-vinyl  oxide. 


Bation  from  oaprous  chloride  and  acetylene  is  represented  by  the 

2CI^C1,  +  2C,II,  -f  H,0  :=  4HCI  -f  C.Cu,H,0. 

Bating  it  with  hydrochlorio  acid,  the  opposite  reaction  takes  place, 
ehlcride  and  water  being  reproduced,  and  jmre  aattylene  evolved 

thi*  oopper  compound  is  heated  with  zinc  and  dtUite  ammonia, 
Drat  hydrogen  thereby  evolved  tuiitos  with  the  elements  of  etliine, 
Isg  ethene : 

C,Cn.H,0  4-  2n,  —  Cn^  +  H,0  +  2C,U, 
C,H,    +    H,  =  C,U.. 

n*,  briskly  agitated  with  strong  lulphuric  acid,  is  absofhed,  ] 
[vinyl-sulphuric  acid,  C,U,SO, : 

C,K,  -f  H,SO,  =  (C.IIJHSO, ; 
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and  tliio  adil,  dUtillod  vith  «Kt«r,  is  retoUti  Inlo  Stttiihttrie  i 
ria^I  aloobol : 


(C,n,)HSO      + 
Tiayl-sulphurlo 
■cid. 


AoetjrlcDi?  unil<>s  with  bnminr,  forminf;  »  dibroini(l<?,  C,H^r,. 

When  a  seru-s  of  sut>ng  iuiliiction  sparks  is  possud  throagh  •  nU^I 
of  •uutyU-nc  iu>d  nitmym,  ih<<  two  guat  unlt«  and  form  hydrcc/apit 
aeid:  r,H,  +  N,  =  X>H. 

Bmmacfli/ltnr,  C,nBr,  is  produced  by  th«  ai.'tioD  of  aloohciUo  po(uk  « 
dibromcthc!ni!  ditirnuide : 

C,U,Br,.Br,  =  UBr  +  Br,  +  C,HBr. 

It  i»  a  f  poiitani'OUKly  inflainmftbli' K.-kj,  wlii.  ■ 
of  lliri<<'  atinf':<phorfS,  issolulili'  in  water,  and 

It  uuitoH  witli  liromiui',  furruiug  the  compounil  i  ,u  I'l  •■• ,.  >iii'>  -  i^>  .■  ^..— -  i 
into  an  aniinoniacal  solution  of  cuprous  chloride,  /irlds  a  prtxlpluteof  | 
cuprowi-vinvi  uxiile.  I 

AJlylene  or  Propine,  r,n,. — This  compound  is  prodac«d  by  theanttM  J 
of  sudiuiu  uthjrlaU'  on  broiiiii|ii'u|i<!uu  :  ^^^^H 

C,lI»Br  +  CjH^NaO  =  NaBr  +  C,H,(nO)  +  C,H«,        ^^H 

its  formation  brinf;  a  particular  cam  of  th«  gi>ni<riil  reaction  irlv*n  no  \*(f  X 
6U!).     It  ia  a  culnileo)!  gtih,  having  au  un|>I'  t^M 

smoky  llaiuo,  and  foniiing,  with  ■■■■•n-iirutis  !<  l^H 

silver  sa.ll!.,  a  wliitv  prccipitnlv  ;  and  with  en  :  -mj^^U 

cipilntK,  analogous  in  coraiK>«>itiun  to  that  furu  ^^^^H 

it  fiirras  tilt-  oom|)ouniU  (\II,l>r,  and  (',ll,nr,,  ^  ^^^^^M 

C.  (2lj)P  F.),  thu  Intt'T  decouipiming  wlion  distilled.  With  inline  ^^^^H 
the  compound  C,H,I„  which  U-IIk  at  1!)»<^  C.  (.'i8l:i.4C  ?.)•  >t  '"'■*9^^| 
2  mol<rrul).«  of  h.vdrio<lic  acid,  furiuing  tha  compound  CU,— CI, — '^^*^^| 
Bimilarlv  with  HRr  and  HCI.  ^H 

e  Alll//fi,t,  nr  Allfitt,  CHf~(:~rn,,  \a  (ormi-i.  n-    '  '     ''^1 

elcctrol,v:<i»  of  itne^nic  arid  :  alno  liy  the  nrlion  uf  ^  n^H 

tion  ol  dichloroproptrnc  obtained  from  diuhlorhydui.  , w,.,.  r ,  .  ,  ><'^| 

bably  also  fnim  nllyl  iixlido.  With  bromine  it  furuis  a  crjrstallio*  b>tt^1^ 
bromido,  C,II,Br,.  H 

Crotonylene,  r,H,  or  Cllj— ^H:i:CZ:CH„  is  formmi  by  ■hstrarM'm  <^  I 

Brll  from  ini<n>>liromnbuU<ni-,  ClI, — t'll^^-CBr"!  11,  ;  aljio  by  .1  1 

thritit,  *'|l'io"«  ^'^'>  lormic  acid.      It  is  a  liquid    Imilln^  .>                        I 

(l!K-77'^  K.),  and  roriiiliiva  li'trabriHiildi' «  hii'li  '^IH^I 

bic  pl.■ttl>.^,  iiii'lliM;;  at  IIC     T.  (2I(>.><^'  1''.).      I  '^^^^1 

derivative  with  copper  or  silver,  wkonoo,  auU  ......  "^^^^1 

it  may  bu  ruferrvHi  to  the  6  series.  ^M 

Valerylsno  or  Pentlne,  C^n.. — 01  this  hydpMnrlion  two  mo<IUta^^^H 
are  kieiwii.  m  }'(ili ri/trnr,  pridwiUly  lUT—C' — ''jHt.  ^^  ^•'rttiiHl  liy  I^^^^^H 
lion  of  H,('l,  from  inellivlprnpyl-k.'toiiia  chloride,  lljf — <VI,^^,II,.  lO^^H 
•t  !)(KJC.  (ri2'K.),and  yieliln  metal  lie  derivatives  with  sUvnr  and  «ol>|'^^| 

6  XWtrglmi',  probably  |j'Jf>C:rC~Cn„  is  formmi  by  •bsUacUmi  ^H 
BBr  Inmx  brainisopvulon*,  ||>^]>CZCU— C8r~ca,.    It  ia  a  llquUl  IU^| 
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an  ■lIlBOMm*  odor,  a  specific  gravity  of  0.700,  and  boiliug  at  450  c. 
3^'  p.).  It  do«  not  form  compounds  with  silver  and  copper.  It  formi 
iliMiuiid*!  wbicla  boils  at  17lP  C.  {33^*  F.),  and  a  liquid  lc-tral>romide. 

I  Hezinea,  C,H». — Hrjeoyleae,  probably  CH,— (CH,),— C^CH,  obUined 
alnlraclion  of  UBr  from  monobromhexene,  bioiU  at  7li-ti(P  C.  (168.8- 
•P.). 

H.C^CH— CH,— CH,— €H— CH,,  is   formed   by  the   action   of 

lor  silver  on  all>'l  iolide.     It  is  a  volatile,  puii<<eiit   liijiiid,  luilin); 

'  C.    (13»<.2'j  ¥.).  aud  forming  a  crj-Htnlline  tetrnliromicle  and  letri- 

tlie  former   uielting  at   lilP  C.  (145.40  F.).     Wlini    nli«ken    with 

oas  bypocUlorous  acid,  it  forms  the  compound  C,H,,('lj((m),.     Healed 

moceiitr^tMl  hydriodic  acid  it  yields  the  compounil  ('.llul,  or  H,L' — 

-t'll, — CH, — t'lll — ('H,,  as  a  heavy  oily  liquid  ;  and  <in  healing  this 

lod   with    silver  acetate,   it    is    converted!    into    the    corresponding 

r,  which,  when  heated  with  caustic  potash,  yields  the  correspoud- 

lexene  glycol, 

H,C— CHOH— CH^— Cn,— CUOII— CH,. 

he  higher  memljers  of  the  series  C„H5„ — ,  are  obtained  eitlier  from  Die 
sidee  of  the  corresjiondiug  olelJn«fS,  or  from  Bubslitulion-proiincts 
(foouTic  therewith.  Thus  heptine,or  u>nan thidene,  is  formed  by 
tbo  splion  of  potash  on  (enanthidene  dibromide  (obtained  by  treating 
n-M»nthyl  with  phosphorus  pentachloride)  ;  rutylene  is  prepared  from 
>1  i  4m  V  1  file ;  and  the  isomeric  body  deci  ne  ordecenylene  from  the 

omiuated  derivative  of  the  hydrocarbon  C,,Hg,  which  exists  in  petro- 


The  only  known  member  of  the  fatty  group  belonging  to  Hiis  series  is 
ralylene  or  pontoue,  CjH,,  which  is  formed  by  the  action  of  ahoholic 
foush  on  valerylene  dibromide,  C^H,Rr,.  It  is  a  li^ht  nil,  snii'ltiii),'  like 
{arlic,  and  U^iling  at  51>2.  It  forms  precipitates  with  ammnninctl  r'opjier 
ud  silver  solutions.  With  bromine  in  a  freezing  mixture,  it  viiMs  a 
ojrttalline  mass  consisting  of  (?^ll,Rr,,  saturated  with  a  thick  liquid  which 
)•  a  mixture  of  the  same  comi>ouiid  with  C^H. lir,,  and  probably  C^IIiUr,, 

The  ter penes,  t'ljH,,,  also  come  under  the  formula  C„llj,,_„  but  they 
^dong  rather  to  the  aromatic  group. 


I 


I 


I 


Bbbiks  C,H,„_,. 

Dlpropargyl,  C,n,  or  HC— C — t'H, — CH,— <T~CH,  thn  only  known 
h/drocarlion  of  the  fatty  group  bdimging  to  this  series,  is  isomeric  with 
kcnaeoc,  but  didVra  greatly  from  that  body  in  its  properties.  It  is  pre- 
pued  by  distilling  diallyl  tetrabromide,  (-',ll,,lirj,  with  a  large  exce«s  of 
caastic  potash,  whereby  it  is  converted  into  dibromodiallyl,  C,II,Br, 
toiling  the  latter  with  alcoholic  potash  : 


H,C— CHZICnBr 

ni—cn-cn^T 

OlDromodlalljrl, 


—        211  Br        = 


H,C— C3CH 

H,('— C-CH 
U'lliropargjrl. 


IMpropargyl  is  a  mobile,  limpid,  highly  refractive  liquid,  having  an  In 
ai»ely  pungent  odor,  a  specific  gravity  of  0,81  at  180  C.  (U4.40  F,),  and 


J 


&u 


nXLOID    ETtlERS. 


Imiling  «t  850  c.  (1850  P.).     With  •moinniiti'al  cuproas  ?lil««f«l«  tt 
a  greenish-yellow  iiri-cijiitBUj,  C,H,Cu,  4- 2H,il,  mj  Willi 
white  precipitate,  C,11(.\k,  4-  2ll,ti,  which  lilftrkeu*  on  • 

ami  explodes  at  lOCO,  l,-,i-  •  ■    '  "ti  ami  silver. 

Dipriipiirjtyl  is  e««ily  i!  1  from  Iwniene  by  its  propinrty  «' 

biniiij?  expliwively  Willi    !■  ,  i   ruling  the  lutrahroin  i<l  r    <    i 

a  viscid  liquid,  o?  speeilic  uraiily  2.4(;tt  ni  li»0  C.  (tfiJ.i'O  ¥.}. 
(tinea  in  ih>' iliirk  niih  lunre  luoinlnv,  Wming  the  ootobromi.i 
wbiuh  boila  st  14U0  C.  (2t>40  V.). 


HALOOEN    DERIVATIVES   OF   THE    HTDROCARBOKt. 
HAIiOib  ETHERS. 

These  onnipannils  arn  furmed,  as  alrctuly  ntiMorretl,  bjr  sulatilalioo  of 
halogen  element  (Hr,  ('1, 1)  for  an   eiiniv.'  Mtily  of  hji.li  • 

hyilrowirUin,   or  of  hydroxyl   in   the  cim  .-   alcnbol. 

liionatoinic,   diatomic,    trintuuiie,  etc.,  acmi'im^   ii.^  1,  2,  3,  or  iu'i<   i.-. 
of  (lie  halogen  are  thus  intriMiiiixMl. 

Moniilamir   Hulofil    Kllier;    C„H,„+,X. — Tbe»e  rthent  ar.-  .l.tit 
from  the  parafBnH.     Chlorine  and   brouiiiio  aci  directly  ou  Ihi-r 
buns,  the  action  of  the  former  iHtin^  aet'elerated  by  light,  that  "< 
by  hc-at.     Imline  likewliiu  At;t3  on  the  pnr.iiliiiH,  removing  an  atua)- 
drogeii,  and  taking  ita  place;  but  the  knlopiirnfliii   IIhik  furintiil  la  ' 
Imut  part  reconverted  into  the  original   hydrocarbon  by  the  action 
hydriodic  acid  formed  at  the  ttanie  time  ;  thuii, 

IVI,I  +  HI  =  C,U.-f  L,. 

Tliia  rever«e  action  may.  however,  be  prevented  by  iln'  .i.l.lirinn  ..f 
8tanc«,  like  mercuric  oxiile,  which   dec<rm|Hi«ie8  the 
as  it  is  foriiii><l,  ami  iu  that  case  an  iodoparalBu  ur  .< 
l&ined :  e.y., 

2C,H,  +  21,  +  HgO  =  2C,n,I  -f  Wfi  -f  Hgl,. 

Thea»  roonatomic  haloid  ethers  are  also  pro<luced  by  tlm  action 
hahi'irl  compounds  of  hydrogen  and  of  phospbonia  on   the  o)rrw_ 
alcohols  (if.  v.),  and   by  addition  of  a  haloid  oeid  to  an  unsaturat**! 
drocarbon,  i.  r.,  a  hydnMiarlmn  in  which  a  pair  4if  carbon-atoms  are  Joli 
litir  by  two  oonibining  units  (p.  604)  ;  «.  g., 

rn, 


t  I 


n 

CH, 

Proline- 


+ 


I 
II 


laoprupjrl 
lodltln. 


These  ethera  are  convcrlod— 
a.    Into   the   original    paraffins    by   Iho   action   of   natani  ifln^ 
(evolvi-d  bv  hydrochloric  acid  and  sine,  or  by  •olluin  amalgam)  : 
t.  Into  Uio  "rorr.!si>onding  alcohols   by  ihn  action  of  moist «iANrB»«*i| 

c,n,i   -f   Agon   -  abi   +   r,\\.m 

Ihtantium  hylraride  acts  in   a  niiiular  ui  '"*' 

(e»p«>cially  if  a  sepondary  »i'">"' 1  i»  I  »i ' 
[  Uiv  cont«}>oodliig  oleftiic  i  i,u «« (.  ,1 1,. 
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Into  oxjrgen-vtiKira   by  the  action  of  the  sodium  or  potassium 
riraUTi*  of  U>«  klooliola  ;  thus, 
C.U.I        4-         NnOC,llj        »        Nal        + 


tllljrl 


Sodluui 
elhyUle. 


CjHj.O.C.H, 
Klhyl  oxiile. 


I.  (uio  compound  etber*   by  the  ailrer  salts  of  tbu  correiipouding 


Eibyl 
luilide. 


Stltei  acelale. 


Ail    + 


C,H,.C,H,0, 
£thyl  iicet*t«. 


Tlip  indiviilual  rthen  of  tkiii  group  will  Ixi  described  in  ounnection  with 
Itu  cumspoDtliug  aloohoU. 

Monalomtc  Unlotd  Elheri,  C„IIa_,X. 

etbors  are  dorivwl  from  the  oU-fliu-s,  C„H,„,  by  sulislitiitioii  of  1 
of  chlorine,  etc.,  for  hydrogen.  Thi-y  cauncit,  liownver,  Iw  fiirmed 
by  direct  substitution,  as  the  uctiuu  of  chlorine,  ttrumiuc,  or  itKliiiv  on  the 
<.i.(iii.-s  givta  rise  to  additioii-produclx,  ''oH^Cl,,  etc.  ;  but  tht-y  may  be 
obiaiiiMl  by  tri-aling  these  oddition-produvUi  with  aloohulic  potusilt  or  uilver 
oxidn  i  thus, 

tyi.Cl,    +     KOH    =    KCl     +     H,0    +    C,H,C1. 

These  others,  like  the  ulefinca  from  which  they  are  ilcrivnl,  can  take  up 
'1  .itiitii*  of  chlorine,  broiuine,  or  iiHlinc,  rorming  coiii|K>und8  which  can 
lik"»ini-  give  up  hydrochloric,  hydrohromic,  or  hydriodic  acid,  under  the 
iiiflO'-iice  of  aU-uholic  |M>tanh  ;  the  IxHly  thun  f(irnii-d  can  take  up  2  ntouia 
"f  '  lilnrinc,  bromine,  i>r  imtine,  then  );ivc  up  IK'I,  Illir,  nr  ill  ;  uud  thu8, 
tiv  :i  k-ri'-s  i>f  [H-rfoitly  siuiilnr  rcuclionii,  we  at  Irnytli  nrrive  at  lM>die8 
r«iii-i-liii|;  "f  the  primitive  olcfiue  with  all  its  hydri>);en  replace<l  by  clilo- 
nne,  bromine,  or  iodine,  and  the  dichlorides,  diliromideg,  and  dt-iiHlides  of 
tb'-af  Ust-nieutioned  l>oilie»  :  thus,  from  ethene  may  bo  derived  the  lol- 
luvtiig  series  of  bri>minate<l  comixiunds  : 

Ethene  bromide .  .  . 
Bromelhenc  bromide  . 
Dibromethene  bromide 
Tribromi^thenc  bromide 
Tetrabromet bene  bromide 


Kthflle 

llr,.ui,ll,. 


TuU^btirumctlicne 


.  CjlIjBr 

.  t:,ll  llr, 

.  CjHIir, 

.  CV»r, 


C,H.Br, 
CjHjBr.Br, 
C,H,Br,.Br, 
C,llBr,.»r, 


.Br 


Furtlier,  a  monorhlorinated  or  monobrominated  olefine  may  give  up  the 
itom  of  chlorine  or  l)ronunc  whii'h  it  contains,  in  tlie  form  of  hydrwhlorio 
or  hydrohromic  acid,  whereby  it  ia  reduceil  tii  n  hvdrocarlHin  of  the  i^eriea 
'Jlin-S.  This  reaction  may  lake  place  at  l.lOO-irdP  C.  (iliC -.'{lO^  F.), 
inl.r  the  inlluenco  of  alcoholic  potash,  or,  iK'tter,  of  sodium  elhylale  (ob- 
iiiiinl  by  dissolving  so<lium  in  anhydrous  alcohol)  ;  thus  : 

(  ,H,Br      4-      N.i(K',H,      =      NaBr      -f-      r.H.O      4-      r,H, 
Bruoictlirae.  Snilhiia  Ethyl  Acetylene, 

cthyUte.  alcohol. 

Cklnrelhrnf  or  Ki  n  i//  Chloriiie,  CjIIjCl  =  CH, -CUCl  (the  nniva- 
I*nt  nulicle  CII^  C\\ —  IxMng  called  I'iiii/l),  is  a  gas  having  an  alliaceous 
«dur,  and  liquefying  at  1»0  C.  ((el.4'^  V.). 

Brom*tk€ni  or  Vitijl  Bromitir,  C,H,Br,  smells  like  the  chloride, 
l)»  ■  specific  gravity  of  l.W.  and  boils  at  23"  C.  (7:t.40  K.).  When  kept 
iaMBkal  tubes,  it  sometimes  solidifies  to  a  white  amorphous  mass,  having 
the  appearance  of  porcelain. 

ladtlkme  or  Vinyl  iodidt,  C,HjI,  hu  ■  specifio gravity  o(  1.08, dnd. 
boils  »l  550  C.  031°  K). 


51C 


Fropene  jrieldi  tkree 

(I) 
CO, 

CH 

I 

CHBr 

1.  Tbe  onlj  known  ether  of  the  flnt  gronp  ia  the  bromide,  vhl 
liquid  boiling  at  4ir->  C.  (118. 40  ¥.),  produoHl  hj  ■ddition  of  bjrdnl 
a<ud  to  allvlene ; 

CH,— C=CH  +  HBr  =  CH,— CH" CHBr. 

2.  The  ether*  of  the  seoond  group,  called  chlornpropene, 
formed  br  tbe  action  of  alcoholic  potash  on  the  chloride,  etc.,  of  ) 
the  action  consigting  in  the  ahclraetiom  of  HCl,  etc.  (p.  SIS)  : 

CH,— ciin— CH,n  —  HO  —  ch,— ccizzch,  : 

also  from  acetone  chloride  (p.  519)  ; 

CH,— CCl,— CH,  —  na  =  CH,— CCtrCH,. 

CMornjtmpenf  lias  a  specific  graTity  of  0.918  at  9°  C.  (48.2°  F.),  i 
at  ZSiJ  f.  (73.40  K.).  Bnmoprt^tnf  has  a  specific  gravity  of  1.411  ■* 
(51»<J  I'.),  and  lioils  at  57.00  C  (135.?:  p.).  |t  unites  d'irectly  with 
giMi  liruniide,  forroiuK  propene  bromide, CH, — CHBr — CH^Br,  i 
lone  lirnmide,  CH, — CBr, — CH,. 

3.  The  ethers  of  tbe  thinl  Rroup,  cfllle<l  nllyl  ethers,  are  ai 
in  constitution  to  allyl  alcohol,  CU,OU — CU=CU„  and  will  be 
in  connection  therewith. 


Diatomic  Ualotd  Ethart,  CJi^Jip 

TheM  ethers  are  formed :    1.    From  tbe  paraffins,  b)r  direct  in' 
of  Cl|Br,,  etc.,  for  H,.     2.  From  the  olefines,  C.U,.,  by  direct  ad^ 
CI,,  etc.     3.  By  the  action  of  the  chlorides,  bromideg,  and  iodides  <i 
phoruH  on  aldehydes  and  ketones  ;  thus, 


C.H.O 

AMotiyde. 

C,H/) 

Acetun«. 


+ 

+ 


I'Cl. 

pa, 


c,H.a, 

Dlchlorethane. 

I>lcliloro. 
propane. 


+         POCl, 
+        FOCI, 


Methane  DerlTatl^ea. — Dichloromtihnne,  rn,CI,,is 
by  I'hiorin.-tlioii  of  nii-tliyl  <'lilnrt<ln,  CH,CI ;  and  by  the  action  of  d 
on  di-iodomtitbane  or  on  methyl  iodide: 

CH,I  +  CI,  —  CHjCl,  4-  HI. 

It  is  a  colorless  liquid,  having  a  apeotfio  gravity  of  1.36  at  OO,  ai 
lngal4(PC.  (KMO  V.). 

Di-  lodomtlhanf ,  CH,I„  is  produced  by  heating  trichloro-  or 
motbaue  to  130O  C.  (2660  p.)  with  fuming  bydriodic  acid: 

CHCI,  +  4UI  =  CH,I,  +   I,  4-  3HC1. 
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kit  wyitalUses  ia  oolorieas  shining  lamiiw  of  specific  gravity  3.34  at  0<^, 
■hat  «°  C.  (42.8  FO.  and  boils  at  1820  c.  {3i9.GO  F.). 

^Mw,  a 
■Mcrani 


;taaiie  Derivatives,  C,H,X,. — Thi>ap  ethers  adinit  of  two  modi- 
,  aooordini^ly  as  the  iwo  atoms  of  the  chlorouii  radiclu  X  are  atlschud 
it  atoms,  or  to  the  same  atom  of  carlxin  ;  thus 


CH,X 


r 


HX,. 


The  ethers  of  tho  first  modillwifinn  are  fnrmivl  hy  direct  addition  of 
llqrine,  bromine,  or  ioilini-,  to  elliene  ;  the  doiilih-  linlcing  of  the  two  lar- 
>■  atona  in  th«  ninhMMiIe  of  free  ethene  hel!ip  loosemil  hv  the  eiitrnnre  of 

Ehlorine-atoiiui   into  the  group,  and  the  ellieuo  thuu  bi'ooiniug  a 
kdicle  :  thuii, 
CH,  cn,ci 

«     +     a     =     1 
cn,  ciijCi. 

tra  at  the  leooiid  modification  arc  produced  hy  the  action  of  tho 
e,  ute.,  of  phosphorus  on  aldehyde,  tho  reaction  ctmsisling  in  tlie 
'placement  of  the  oxygen  atom  of  this  oonipoaud  by  2  atoma  of  chluriuo, 

ICH,  en, 

\       +     PCT,.ci,     =      I        +     pn,o. 
CHo  (.rici. 


etken  mi»  aooordingly  regarded  as  chloride,  bromide,  or  iodidu  of 


i>insj  he  unpposed  to  contain  the  hivalent  radicle  ethidono,  CH,- 
bot  this  radicle  has  not  been  isolated. 


Bchene  Chloride, 


CHjCl 


-This  oomponnd    has 


Fig.  ITS. 


0.1  — ■ 

cH,n 

jjbAMB known  by  the  name  of  liiitch  liyuid,  having 
^^^Peovered  by  four  Dutch  chemists  in  17dS. 
nien  <qnal  uiea<tures  of  ethene  gas  and  chlorine 
re  mixed  over  water,  al>8<irption  of  the  mixturo 
ifcei  place,  and  a  yellowish  oily  liquid  is  produced, 
liich  collects  upon  the  surface  of  tho  water,  niid 
Itimately  sinkt,  to  the  buttxiui  in  dn>i>s.  U  luay  be 
■ally  prei>are<l,  in  quantity,  by  causing  the  two 
tsM  to  onmliinn  in  a  glass  globe  (Ag.  172)  having  a 
arrow  neck  at  the  lower  part,  dipping  into  a  small 
tittle,  to  ri?c<'ive  the  pniduct.  The  two  gases  are 
mreyed  by  separate  tubes,  and  alluwe<l  to  mix  in 
k*  globe,  the  ethene  gas  being  kept  a  little  in  ex- 
rt4.  The  chlorine  should  be  washed  with  water, 
nd  the  ethene  passe^l  thnmgh  strong  oil  of  vitriol, 
emuvc  vap<jr  of  ether:  the  iiri'senct?  of  sul|jhu- 
I  and  carbonic  acids  is  not  injurious.  Couihiiin- 
ll*kt»  place  very  rapidly,  and  the  liquid  product 
I  down  the  sides  of  the  glolni  into  the  receiver. 
,  considerable  quantity  has  been  collected,  it 
first  with  water,  and  afterwards  with 
Iktrated  aulphuric  acid,  and,  lastly,  jmrifled  by  distillatiuu. 
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Pare  ethene  chloride  U  a  thin,  aolorl«M  liqnid,  of  nriijrrant  r>1or 
swcrt  (aiit*- :  it  is  aliglitly  xululilv  in  wator,  ami  f' 
«ll>t!r.     h  lias  a  sjiiMiflc  gravity  \.'2,~l  at  OO,  anJ  !>. 
It   is  unnflVctitil   by  oil   of  vitriol  ur  Holid  potasniii 
dttUitil   it    burns  with   a  gruviiiiili,   siiiuky  li);l>t- 
ati'uliiilii;  golutinii  of  |Hita.Mh,  it  is  sluwly  ro»olve«l  iin"  |-.i,v--i 
nrhit'li  .scji.arat.-s,   ftiid   I'lilnri'lln-ui'.   t'jU,(.'l.    wU(i»e   vapor   r. 
woU'd  down  til  — IbO  C.  ( — II.40  !•'.)  U'lorti  it  c<nidenBt~> ;   at  ij    .       .:  , 
turu  it  forms  a  liiu|iii|,  cnlorletUi  lii|uid.     C'Ulorinv  ia  absorlKni   I>t  tbu  I 
tcr  aubsfaniM',  and  a  c<>niiK>und  is  )>riMtiicv<l,  which  coutaiiitf  CjlijCI,  , 
this  Is  in  turn  di->x>in|MJM>d  by  an  nlooliolic  solution  of  .pota»Li  into  |m4 
xiuni  idiloridit  and  nnollnT  vnlatik'  liiiuid,  (.',H,C°I,.    Tliis  mtiih,  u(  rv* 
is  analogous  to  that  already  iioliucd  in  llio  caau  uf  the  brumiue  coaijwa 
il>.  515). 

Xatbidene  Chloride,  CItj — TIICI,,  is  host  prwparwl  by  tho  artinn] 
p1io!>pli<irio  cliliiride  on  aliK'hydn  :   it  i»  alKn  formed   liv  Ibv  action  n(  ■ 
rinr  "U  utiiyl  cliloridc.      It  Is  a  coliirb'sn  liijuid  sini'llins  llk(«  rblomfiK 
having  n  wpwillc  gravity  of  1.1!».S,  and  boiling  at  ShO-iilC"  (;.  (13ti.4-13H 
F.)-     When  HubjitUoii  to  the  action  of  elilorinn,  it  yinliU  thu  cum|ivaa 
CHj.CC'l,  and  CH,('l.CH(.n„  log.-IUyr  with  otlii-r  prodiicU. 

Ethene  Bromide,  ('II, Rr — )'ll,Hr,  obtaiiiM  by  satnratini;  ' 
oli'liaut  gas,  is  an  oily  fragrant  liquid,  of  •ip<'clll>^  gravity  2. 1 
(U9.8^  K.),  Iwilnig  at  120'^  (°.  (2<I4.-J0  K.).  and  KoliOlfyiog  at  U^  u>a< 
taltliiv  inaHB  whii  li  nii'lLi  at  9'^  C.  (-48. '«^  I'.). 

Etbidene  Bromide,  CM:, — Clinr,,  obtainxd  Blinilarlv  to  the  < 
is  a  liquid  Imiling  at  1 10-1140 C.  (2.10^237.:!-'  P.),  and  dccomposui 
hoatiil  H'itli  water. 

Thcap  two  bromidos  8r«  aluo  formed  by  b«ialing  ninuKbmmnlhe 
CH,— CIlBr.  with  bydrobminio  acid,  tlie  uthunw  coinpoiind  when  th*  i 
is  highly  <x>nc«ntrat<.-d,  thu  vthidc-ne  compound  whvu  It  Is  mure  dilute. 

Ethene  Iodide,  rn,l — CUA,  is  prmluced  by  tho  dirrtrt  roroblnatlonl 
iixlim-  with   ethene  in  sniinhine  or   under  the  inlluonce  of  li-^'    "'- 
passing  ethene  gas  into  an  nlroholic  «olnllon  of  iodine.     It  cry 
aleoiiul  in  shining  needb^,  melts  at  T^  ('.  (\H3.-1P  K.},  and  il 
higher  temperatures  into  etheno  and  iixliue. 

Ethidene  Iodide,  (:H,1— CHI,,  is  obtained  by  heating  th'  ohinride  i 

atuuiinium  imlide  : — 

3C,H.CI,  4-  2AII,  =  2Ain,  +  3C,II.I, ; 

aluo  by  addition  of  hydrio<lic  acid  to  aeetyleno:  C,I1, -(-  2111  sxr,H,lj. 
is  a  liquid  having  a  8|h^I1«  gravity  of  2.84  at  (P,  and  Uiillug  at  I< 
(352.4    K.). 

Propane  Derlvatlvea,   f,II,X,. — Tln<  dialnmic  vthnu  dcrt^ 
friun  piiipatie  admit  of  four  mmlilluatiuiui,  as  ezbiblt«d  bj  Iba  i  " 
furmuln<  of  tho  lirojiidc  : — 


1.  Propldrae 
brnniKle. 

.'■„. 


;HBr, 


1.  rroitonfl 
bmmulv. 


Mvthrlbrom- 
acct 


r 

CHBr 


hJflM 
pfol. 

CH, 


,B» 


TBr, 
CH, 


«.  TrlnrltMM 
hnmUtt 

CHJBr 

h 

(Ml.Br 
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bopropideneorpropylidcneethers  are  formed  hy  the  actiou 

|ihoMu  poutnchluri<lt-,  etc.,  ou  propyliu  alJi^h.nie,  CHj— t'll, — CHO. 

iraU  is  a  litjuiii  baviug  aii  alliaceous  oAm,  and  Iwiliiij;  at  b4-s7'j  C. 

»lis"i,tP  F.)'     The  bromide  aud  iodide  are  not  kuowu. 

Ilrpropciitt   or    propylene    ethera    are  ruriiit-d  by  direct  oum- 

Vprop«iie  with   rblnriue,  liromine,  and    iodine.     When    treated 

vside  and  water  Ibey  are  t-unverled  into  propene  alcohol  or  pro- 

ol.  CH,— IMIOII— <:H,OH. 

icUurule,  CU, — (.'Ht'l — C'H,('l,  is  also   fumied  by  the  action  of  chlo- 

sunMhinu   and  in  presence  of  iodine,  on    pseiidoprr)pyl    eliloride, 

tHCI — CH,.     If  iodine  is  not  jiresent,  act'touo  chloride  i»  formed  at 

■p  timt).     Propeue  chloride  ban  a  s|>euifio  gravity  of  1.1  US  at  14°  C. 

\¥.),  and  hoiU  at  9S^  C.  (20S.4<J  F.).     The  fcromir/t,  forui«l  by  direct 

ftliuu   or  t>y  the   action  of  bromine  on    pseudopropyl  ttromide,  is  a 

Iwf  specific  gravity   l.!(4(j  at  17-^  C.  (62.(iO  V.),  and  Uiiliug  at  1420 

f.O'-J  K.).     The    imiiilr,  produced    by  direct    cuuibinalioii  uf   propenu 

iin^  at  &l^^  C.  (li?^'  F.),  is  a  colorless  oil  not  disLillablu  without 

ailiun. 

Iiloride  or  bromide  of  propeue  heated  with  water  at  201)0  C.  (3920 
'.  into  propionic  aldehyde  aud  aueloue  : — 

cn,  CH, 

I  I 

4-     211,0     =     Cil, 

Clio 


CH, 

I 

2  CUCl 

cn,cj 

Pro|.«oe 
elilorlOe, 


+    C<J    +    4UC1 


CI  I, 

Propionic    Acetone. 
alUvhyile. 


K«   propene  derivatives  of  the  form  (; II, — CX, — TH,,  are  produced 
eliiiie    by  substitution  of  CI,  or  lir,  (or   (.),  the   suiistilutiou    being 
1  by  the  action  of  PCI,  or  PBr,. 

fjjuridt,  or   MrthijhJdoracelol,  CIlj — CCl, — CII„  i«  also  produced, 
'  with  propeue  chloride,  by  addition  of  UCl  to  aliylene,  C,U„  thus : 

CH,  CH,         cn. 


I 


-f     4HCI     =      CCI,     -(-    Clin   ; 


CH 


CH, 


ClKCl 


'  ohlorinatinn  of  pseudopropyl  chlnrido.     It  is  a  colorless  liquid  of 

I  irravity   1.827  at  1(P  C.   (OO.SO  F.),  and  iM.ilinK  nt  7(*tJ  C.  (If.SO 

ium  reduces  it  Ut  ordinary  propene.     With  ab-oliulic  potash  it 

Moropropene,  CM, — CCI  ICH,,  which  is  also  formed   in  the  same 

•  from  propene  diehloride.     Heat«d  to  ISO©  C.  (302°  F.)  with  water, 

tially  converted  into  acetone. 

primethene    Bromide,  CH,Hr—CH,— CH, Br,  ia  formed  by  heat 

^l alcohol,  CH,~CH — CH,OH,  with  liydr.ibroimi-  a.id  ;  also,  together 

Opene  bromide,  by  heating'  ally!  bromide  to  UKKJ  with  hydr«br<)raic 

[It  in  a  wlorless  liijuid,  of  specific  gravity  l.ilH  nt  l'.*o  C.  (6ti.20  F.), 

liuK  at  liiiO  C.  (32.'i.60  F.):  coiiv.rii'd  r.v.-iUnbulic  potash  into  allyl 

1  and  allyl-ethyl  nxide,  CII^  3CH— <'ll,-^l— <',ll,,. 

lethene    chloride,  CI1,C1 — I'llj— <^ll,('l,  Iniiiiei]  by  heating  the 

I  to  1(59°  C.  (336.23  p.)  „  jn,  uiiTcuric  chl-iride,  is  a  friigrtiut  li.)uid 

jspeciflo   gravity  of  1.201  at   IfP  C.  (riSlO  F.),  boiling  at  117°  C. 

f,);  oonvoru«d  by  alooUoUo  polaah  into  allyl-ethyl  oxide. 
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Triatomie  Haloid  EHert,  C,Ha,_,X,. 

Methenyl  Chloride  ■•r  Chloroform,  THCIj. — Tliis  i-onipoun.l  i«  i 
duccti :    1.  TogctluT  with   imtliiiu.'  clilorirle,  CHjCI,,  wlion  n  uiixlurr  i 
chlorine  ami  gasi'oiis  metli.vl  cliloridi?  ia  exposnl  to  tho  gnn's  ny,    X  I 
the  action  of  alkalies  on  i-hloral  (Iricliloralilehyiii-): — 


C,HC1,0 


+     KOU     =     CUCl,     +     (HKO, 
Chloroform.      Potnasluw 
formiite. 


3.  By  boiling  trichloracetic  sold  with  aqaeooB  alkalios  :— 

C,Hn,0,    +  2K0H     =    CHCl,    +    K,CO,    +    H,0 

4.  By  the  action  of  naat-ent  hydrogen  on  carhoti  tetrachloride :— ' 

CCl,    +     H,     =     HH     +     CHCl,. 

5.  By  llie  action  u{  liypoi:liloriti"9,  or  of  chlorine  in  presence  nf  nlkallM^ 
on  various  orgauio  sulistanctw,  aa  methyl-,  olliyl-,  ami  aiuyl-aln>liiJL 
a<%tio  acid,  acetone,  etc.  The  reaction  iBi-omplicated,  i-ivinj;  rise  la»«rerU 
other  prtKlucts  :  with  oomiiiiiii  alcohol  and  calcium  hyiKiehlorite  Iho  prill- 
oipal  reaction  ap|>uuni  to  \n: — 

2C,H,0  4-  5CaCl,0,  =  2CH(I,  -J-  2CaCO,  -f  2CbC1,  +  CaH,0,  +  4«,0, 

Chloroform  is  prepared  on  tha  lar;;e  scale  hy  cautiously  distilling  to- 
gether goort  ix)inniercial  chloride  of  lime,  water,  and  alcohol.  The  « Iml* 
product  distils  over  with  the  first  |Kirlii>ns  of  water,  so  that  the  u^HriU'ii 
may  l>e  soon  interrujited  with  advantage.  The  chloroform,  which  i^^iiMi- 
tutes  the  oily  portion  of  the  distillate,  is  piirilie<l  by  a;{itatir>n  with  water, 
desiccation  with  cnlciutn  i^hloride,  and  distillation  in  a  water-hath. 

Chloroform  is  a  thin  colorless  liquid  of  agrecahle  ethereal  o<lor,  mnrh 
resemhlinK  that  of  Dutch  liquid,  and  of  a  sweetish  taxte.  Its  density  is 
1.525  at  tlO,  anil  it  boiU  at  t!10  C.  (141.8  F.):  the  density  of  iti  va'i.T 
(compareHi  with  air)  is  4.20.  Chloroform  is  difficult  to  kindle,  and  hums 
with  a  greenish  tiiiiiic.  It  is  niMirly  insoluble  in  water,  and  is  not  alTerled 
by  uoncentrate<l  sul|ihurie  acid.  When  lioiled  with  aqueous  potash  in  a 
closed  tube,  it  is  converted  into  potassium  chloride  and  formate  : — 

CHCl,  +  4H0K  =  3Ka  -f  CHKO,  +  2H,0. 

Chloroform  is  well  known  for  its  remarkahle  effects npon  the  animal •nt'm 
n  producing  temporary  iiiseiisibilily  to  pain  when  its  vajx>r  is  iiihalL^I. 

Bromoform,  CIlBr,,  is  a  heavy,  volatile  liqnid,  prepared  by  the  sin 
tancous  actiim  of  bromine  and    aqueous  alkalies  on  alcohol,  wo«l-spl|| 
and  ai«tone.    It  has  a  density  of  2.9  at  123  C.  (.'iS.^jO  p.),  sniidiflec  at  ■ 
C.  (15.80  P.),  oud  Isiils  at   iri(l-l,',2°  C.  (:«l2-:«if..«o  K.).     It  is  conrcil 
by  caaatic  potash  into  jMtassium  bromide  and  formate. 

Zodoform,  Clll,,  is  a  solid,  yellow,  crystallixable  snhslance,  easily  ( 
tained  by  mldiiig  alcoholic  solution  of  potash  to  tincture  of  iodine,  a'vd 
ing  excess,  evaporating  the  whole  to  dryness,  and  treating  the  r«>sid 
with  water.  U  melts  at  11.')=' G.  (34G.20  K.),  and  distils  with  vapor  ( 
water.  It  is  nearly  i-jsiiliililc  in  water,  but  dissolvi-s  in  alcohol,  ami  j 
decomposed  by  alkiilies  in  the  same  manner  as  the  jireceiling  ii»iii>oimi4 
Bromine  aniverts  it  into  bromiodofor m,  CHBr,I,  a  colorless  liqfl 
which  soiidlilM  «t  (P.     Iodoform  distilled  with  phosphoroB  pentachluiT 
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•-  chloride,   U   conTerU<(l   into   chloriodoform,   CHC'1,1,   a 
{iiid  ul  specUiu  fp-krity   1.U6,  wUicb  does  not  soliLliiy  at  any 


Trlchloretbane,  C,H,t1,,  admitit  of  two  modifications,  vii. :  (I)  CH, 

■4.V1,,  (iiruictl  by  the    a<.-tiou  m(  vlilciriuo  in  suniiliiiu*  ou  etiiyl   cliluride. 

PJli»»  liquid  oinHling  like  i-hluroforni,  Iwiling  at  74.50C.  {lyT.y^F.),  and 

niirert«d  by  alcoholic  jwtasli  iiit^i  acetiL-  noi<l  :— 

CH,.Ct»l,  +  4K0H  =  CUj.CO.OK  4-  3KC1  -f-  2H,0. 

(2)  CH,l.*l — C'Hfl,,  obtaiiie<i  by  the  action  of  chlorine  on  vinyl  chloridlb 
fl/:~fHCl  (5«)  ViSTL  AuonoL).  It  boUs  at  llyO  C.  (23lto  F.),  and  ha«  • 
(pacific  gravity  of  l.t^i  atoO.  Alouholiu  potaiili  solution  convurts  it  into 
diclilorv  tkeno,  C,1I,C'I,. 

Trlbromethanei  C,H,Br,,  is  obtained  by  adding  bromine  to  broniethene, 
C,H,Br,  cooled  by  a  freoiiiij;  iiiixtiirt'.  It  is  a  colorless  liquid,  which 
soii^U  like  ohloroforui,  lias  a  apecitie  gravity  o(  2.B20  at  23^- 1'.  (73.40  K.)| 
■sd  boils  at  186.30  c.  (3G7.7'-'  K.).  Alcoholic  potash  absliai.ts  llllr,  cou- 
verting  it  into   dibroinethoue,  C,Ii,Ur,. 

Trichloropropane,  C,l{jCl,,  admila  of  four  modifioatioDS,  repreaente<l 
ly  the  foUowiuj;  foriimia< : — 

(1)  CH,— TIL,— «xi,.  (3)  cn,— cciv— cn.ci. 

(2)  CH,— CUCl— CHCl,.  (4)  CIl.Cl— cilCl— ClIjCl. 

Tba  last  of  these,  whioh  is  the  most  important,  is  analogons  in  composi- 
tfOB  (o  glycerin,  C,Hj(011),,  and  will  bo  dt^cribed,  together  with  the  cor- 
icaponding    bromine-   and   iudiuu-durivatives,    in    connection    with    that 
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Tetrachloromethane,  <>r  Carbon  Tetrachloride,  CCI,,  is  formed 
bv  passing  the  Viipi.r  ul  carl)-!!!  Iiifiulpljjdf,  loyellier  with  chliirine,  through 
a  re<i-hot  |Kirc<'lain  liilie.  A  mixturi' of  siilpliur  chloride  and  iarl<un  tetra- 
chloride is  formed,  which  is  distilled  with  pot.ish,  whereby  the  chloride  of 
lolphur  is  decomposed,  and  jiurv  carbon  tetrnchloriile  pass<'s  over.  It  is 
*  mlof  Iras  liquiil  of  l.Sti  sptviflc  gravity,  and  Ixiils  at  77°  C.  (170.t!Ol<\). 
upound  is  foruied  by  exhausting  the  ac^tinn  of  clikirine  upon 
'  methyl  chloride  in  snnshlne.  An  nluiholic  soluticui  of  pot- 
it  into  a  mixture  of  potassiiiin  chloride  and  carbonate. 


TetrabTomometbane,  or  Carbon  Tetrabromlde,  CBr„  is  formed 
by  the  action  of  broiuiiie,  in  presence  of  ii«liiie  bromide  or  antimonious 
brouiidc,  on  carhjii  sulphide,  broinu]iicrin,  bronioform,  or  chlorofortn.  It 
li  a  white  crystalline  substance,  having  a  s[M>cinc  gravitv  of  3.42  at  14^ 
C.  (57.20  K.),  melts  at  91°  C.  (19.5.8  F.),  and  l«>ils  with  slight  decom|>.vi- 
at  189.50  C.  (373.1°  F.).  Heated  to  UKP  with  alcohol  in  a  sealed 
kbe,  it  yielda  hydrogen  bromide,  aldehyde,  and  broraoforra  : — 

CB,  -f  C,H,0  =   HBr  -f  C,n.O  +  CUBr,, 

Tetra-lodomethane,  or  Carbon  Tetra-iodide,  CI,,  is  produced  hy 
healing    totraclilnrethane  irif//  joffi'de  of  aluminium.     It  crvsVaXVue*  txTOft 
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ethrr  in  ilnrk-red  ntKnIar  ocUilxMlrons  of  vpcwillo  gr^rity  4.3S  at  Vf>  ( 
(i<8>^  F.)i  anii  dc-i.x>ni{iut>es  un  i<xp<>sur(<  to  the  olr,  a|MecUll/  ai  liJ|(li  Un|< 
alurus,  yitjlding  ioduie  and  carbuii  diojiide. 


Tetrabromethane,  C,!i,Br,,  fonnml  li,r  direct  oomlriBatlno  nf 

witli  tiiiii'iiuK'tliuiK-,  l\il,ltr,,  or  with  nci'tylfiii  ,  '''  i  . 

Bpccittc  gravity  o(  a.s's  at  ii>>  C.  (71. o-    K.;,  l- 

and    solidifying  in  u  ttixa'wg   luixturv  to  a  wli..      w;  ,.. . 

hfntiug  with   alwhulio   put^uU   it   is   converted  into   tri  bruinetbaa 
CUBr,. 

Tetrabromethene,  or  Carbon  Dibromlde,  (',nr,,  is  formad  bgr  lb* 

action  ul  aiivliuliu  potash  ou  {MMilaliruiui'(hiiu<' : — 

C\llBr,  +  KOU  =   C,Br.  +  KBr  +   H/>, 
or  bjr  treating  ooniinou  alcohol  or  elhor  with  hnrniior  : — 

C,n,0  +  8Br  =  C,Br,  +  4HBr  +  1^0 
Alcoliul. 

C,H„0  +  16Br  =  2C,Br,  +  SHBr  +  H,0. 

It  crystallizes  in  white  plates,  melts  at  50O  C.  (120.2°  F.),  and  i 

without  allvrution. 

Tetrachloretbene,  or  Caiboa  Dioblorida,  0,0^,  obtained  }>t  pt"- 
ing  the  vapor  of  thi-  triohhiridi.'  or   tutruililoridc  tlirough  »  r-' 
either  aiont*  or  luixivl  with  hydrngon,  or  by  the  action  of  na- 

(xiuc  and  ililutu  sulphuric  »<-id)  on   the  trichloride,  i-  > 

•pwific  Kruvity  l.ii2!l,  hoiling  at  11<0C.  (242.00  K.). 
'' ('.  (:i!l^^  1''.)  with    pot.iK.siuni    hyilroxidi',  it  in  coni|'"  >'  i.<  i" 
into  pottttisium  cliloride  and  oxalate,  with  evulutiou  uf  hydrog<4> ; 

C/:;!,    +     tiKUlI    =.    4Kfi     +     C,IC,0,    +     211,0    +    i 

It  absorbs  clilurino  and  bromine  in  snnshine,  forming  in  th«  ana  ease  tlM. 
trichloride,  C,Clt,  and  in  the  other  the  ohlorobromld^  C,CI,Br^ 

Pentabromethene,   CjllDrj,  oldained    by  slow) 
theni',  t.'jllltr,,  with    brnmine,  or    l>y  tin'   action  of  i 
crvRlalliiw  from  ftli>oliol  in  prIitniH  Knicliing  like  uann.ii.ir,  iii.inrij 
6lio  C.  (I20.2-1::l^  1'.),  and  d4-cinn»«cU  by  dislillulum. 

Hexbromethene,  or  Carbon  Tribromlde,  <',Rr,,  Is  fomiod  by  \t« 
ing  lh<'  dibroniidc  with   hrouiine  in  ,>  acaleil  iuIm,  or  by  hwatiug  eillicr^ 
the  cuiupoiiiKls,  C,ll,Ur„  l',UBrj,  with  hromlnii  In  a  sealed  tube: 

fjlLBr,  +  Br,  =  2HBr  +  n,Br, 
C.HUrj    +   Ilr,  =.     lIBr  +  C.Br^ 

This  comiMiiind  dissolves  Bparingly  in  ahMhol  or  • 

snlphide.  frmi  whlili  \i  «.'juiritt-  .ti  rvnpnmtion  in  i 

tanciilor  priRiiu.      V'  iliiO  p.)  li  uwlu  ai>il  <U<*»ui> 

yiebling  i-arhon  A\hi  mm, 

Rexohlorethane,  or  Carbon  Trichlorida,  r  (■•i.sCtl, — 
I  final   prcMlui:!   ■>(   the   action    of  clilnriiii'    in  aiiiixlillie  on   elKi. 
C^n,  or  ptlivnc  chloride,  C,a4Ct,.    It  to  a  whIUj,  crystalUnK'  snbafa 


r.  Insoluble  In  wnter,  but  e»«ily  dissolvml  by  alcnhol  and 

wt:  it  mellB  at  l(il>'  C.  (3Joa  V.),  and  Uiila  i»t  J(>20  C.  (:jf)!t.O"<J  F.)-     It 

fi-  witli  difficulty,  aud   is   not  allsrwl  by  distillation  with  aqaenuii  or 

'lash.     U»  vapor,  paiised  through  a  red-hut  jMircidain  tub<>  filliMl 

'  uLi  of  glaiti  or  rock-crystal,  u  decoiuj>oi>i*d  into  free  chlorine, 

(the  dichloridc,  C,t'l,. 

rMrachlorodibromethane,  or  Carbon  Chlorobromide,  C',CI,Br„ 
DmI  by  the  uotion  of  bruiuim*  in  suiu^him*  un  the  dichluridu,  CyCl^,  ii  & 
lacrysLalliiit:  body  resembluig  the  tricliloridu. 

Bl>on  uonoobloride,  C,C1|,  analognag  to  ethine  or  acetylene,  is 
Em  by  poAbing  tho  rapor  of  rhloroform  or  r)f  carlKin-diohlorido  throiitrh 
d-hot  tub<>.     It  foriua  white  uot-dk-ti,  subliming  botwcvu  17i><^  and  2uliO 
|i-^'JJP  F.). 


niTROPARAFFINS.  CJI^+,(NO,). 

npounds,  isomeric  wilh  the  nitroua  ethera  of  the  fatty  series, 
Inoed,  together  with  the  latter,  by  tlie  aition  of  silver  nitrite  on 
»paral&u5  or  alcoholic  iodides, — uitruinethano,  for  uxuniple,  from 
[  iodide  : 


I 


H.CI    +    AgNO, 


Agl    -f     H,CNO,. 


*l»o   formed   by  the  at'lion  of  nitrogen   fetroxide,  or  of  fuming 
1,  on  the  hydrocarboua  of  the  etheue  series  ; 


c,n.  + 

EtlirDe. 


N,0. 


Dlnllruetbsne. 


•  hare  tbeir  nitrogen-atom  in  direct  union  with  a  carbon-atom,  and 
oonsequontly  converted  by  nascent  hydrogen  (<'Volved  from  water  by 
algani)  into  amidoparaf f ins  or  amines;  e.g., 

'■{w.    +     ".    =     2H,0    +     C{J^ 
Nitromotbaoe.  Methylnmlno. 

ethers,  on  the  other  hand,  which  are  formed  by  the  ncHon 
Paoid  on  the  corresponding  alcohols,  have  their  nitrogen  united 
m,  only  through  the  medium  of  oxygen  ;  e.  g., 

JM,  NO  CH. 

o<;  -I-    0<f       =    H,0    4-    0<^ 


Mrthfl 
aleotiol. 


Kitroui 
acid. 


Methyl 
Dilrtts. 


I  accordingly  converted  by  nascent  hydrogen  into  ammonia  and  the 
ading  aloobola  ;  e.  g., 


ethyl  nttrtte. 


+     H. 


H,0    + 


v'H,  +  o<;;^ 


rn. 


H 
Methyl  aluohol. 


Initmparaflini  are  mostly  decomposed,  with  explosion,  when  rapidly 
They  are  not  decomposed  by  potash  or  soda,  whuiu&s  \\t<j  ii\Viu\x% 
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eth<<ra  tie  (jnicUy  r«8olred  tltorvb^  into  nitrous  lu-id  ajai  tli#  wtn*tfii 
ing  alcohols. 

XTitromethane,  riI,.NO,,  is  rornied,  ts  aliove  stated,  by  thn  ailiust 
■ilver  nitrila  uii  uiot}i>'l  iodiilr.     Tliu  action  in  yry  violf^it,  and  tliu  oh 
of  the  niethj'l  iotlidc  is  converti-d  into  uitrouictbanp,  without  a  I 
isomeric  methyl  nitrite.     It  is  also  formvd   by  hoating  tiiu  |>otatdl 
of  monocbloracvliu  acid  with  potaskium  nitrite : 


2(Cn,Cl.C0,K)     +     2NO,K 


4-     11,0 


+ 


2(rH,.N0^ 
2KC1     +     IX), 


Nitromptlianfl  is  a  heavy  oil,  having  a  peculiar  odor,  and  hoilingi 
lOl'^.     VVhcu   trcatwl  with   an  alcoholic  solution  uf  soda,  ityirU 
parent  needles  of  the  sodium   derivative,  C'H,Na(N<>j),  the  aqur 
tion   of  which  gives   characteristic    precipitate*   with   rarious 
nolutions. 

BnmonilroiHftliane,  CH,Br.NO„  formed  by  the  action  of  bromine  on  tk 
dry  sodium  e<ini]>ouud,  is  a  heavv,  pungent,  strongly  refracting  lii{uU 
boiling  at  14:^-1443  C.  (289-291.2^  F.). 

mtroethane,  CjUjNO,  —  CH,— Cn^NO,,  prepared  like  the  metli 
derivative,  is  a  colorless,  strongly  refracting  liquid,  having  a  fra(:rant  rib* 
real  olor,  a  specilic  gravity  =  1.05^2  at  13-^  C.  (55.4^  F.),  and  lolling  I 
1U-113U  C.  (231.tt-2;i5.40  F.)  :  ethyl  nitrite  boils  at  ItP  C.  (tiO.eo  F.). 
Tliu  vapor  is  inflammable,  ami  burns  with  a  pale  yellow  flame,  but  ittt 
not  explode,  even  when  heated  above  its  boiling  point.  By  nascent  hydro- 
gen it  is  converted  into    a  m  i  d  e  t  h  a  n  e   or   e  t  h  y  1  a  m  i  ii  e ,  C',Hj.N  H,. 

liromonilrottlume,  C,H,Br.XO,,  and  dibronuitiilrorthaHt ,  C,ll,Hr,.(XOj),  are 
formed  by  the  action  of  bromine  on  sMlium-nitrtwthane.  The  former  U  t 
heavy  acid  oil,  boiling  at  145-14tC'  c.  (2fl:)_2!l)i.40  F.).  the  latter  a  mobili 
neutral  liquid,  boiUng  at  162-lti40  c.  (323.(>-32;.20  F.). 

Nltropropanes,  r,n,NO,. — There  are  two  isomeric  bodies  having  (hi* 
ooraiHisilion,  obtained  by  the  action  of  silver  nitrite  on  tlie  ioitidui  of  uoraial 
propyl  and  ])seu(lopropyl  respectively. 

A'l/ro/iro/Kjnr,  CIlj — ('11, — C'll, — NO,,  la  a  limpid  mobile  liqnid,  veryliltii  , 
heavier  than  water,  and  twiling  at  122-127°  C.  (251.C-2e0.t.'O  F.). 

Pseudo-HitroprojMnit,   j]»J/>CH— NO,,  boils  at  112-1170  C.  (233.&-at2.0> 

P.).     Both  form  crystalline  sodium  uumptjonds. 

NltTO-Uobatane,  C.H,NO,  =  ||>^>rH— cn,— NO,,  fi-om  Isobnlyl  Io- 
dide, is  an  oil  smelling  like  p<>ppermint,  boiling  at  135-140O  c.  (275-i 
F.)  and  converted  by  nascent  hydrogen  into  isobutylamine. 

mtro-Uopentane,  CjH„NO,  =  ||»^CH— CII,— TH,— NO,,   foi 

by  the  action  of  silver  nitrite  on  ordinary  amyl  iodide,  boila  at  1S5-1 
C.  (311-32UO  F.). 


■2S^ 


lieaetiont  of  Nitropnmffifit  trith  Meliillic  Salla. — ^The  following  table  ex- 
hibits the  reactions  of  various  metallic  salts  with  the  smlium  rompoundi 
of  nilromethane,  nitroetlinne,  nnd  tlie  two  nitmpropnjies,  which  are  sulS- 
rienlly  characteristic  to  bo  used  for  distinguishing  these  oom])ouiidi  oi» 
from  the  other. 


Whit*  prrclpi- 
lAtf,  almoit 
immrdiJttrlr 
turulog  blitek 


White  prMliii- 
tate.  Boon  turn- 
ins  nrown. 


While  precipi- 
tate, ^rnUunll)' 
turning  brown. 


Lilt;ht  yellow 
preclpltfitc, 
(inn  turning 
bUek. 


I  o^  \ilroiu  Acui  on  Ihe  Sitroparafini. — The  rfiactions  of  tliese  bodies 
troiLS  sriil  (ur   liettiT,  with   poKumiiim  nitrite  mid  sulphuric  acid) 
FideraMy,  necording  as  they  contain  primary,  Bfi:oiidnry,  ur  tor- 
[>hol-railielt.-«  (p.  4i)U). 

«>atin(;  the  nitro-eomfioundu  of  the   primary  alcohol  radicles,  in 
h   the   Nl),-|;roup  is  united   tii  the  group  <'ll„  with   ]Hitaiisiuin  niliilu 
Jato  sulphuric  aeid,  Ihe  Bolution  acquires  a  deep-red  color,  and  cou- 
IcaUed   nitrolic   acids,  having  the  general  formula — 


c.n. 


vNOII 


Nitropropane,     ) 


Inoed   liy  inhstitntion  of  nitrosyl,  NO,  for  one  of  the   hydrogen- 
tfae  group,  CH,;  thus — 

,      Propyl-nitnilio  acid, 

{  C.H^f -^« 
t  ^NO, 

nitrolic  adds  are  oolorleas,  crystalline  bodies,  soliibln  in  etiier.  Their 
|i-«alta  ha»«  a  deep-red  color  :  henc«  the  rcfl  tint  prnduced  iit  the  foiu- 
mnent  of  the  reaction  above  mentioned,  and  disiippejiriiig  when  the 
boric  acid  Is  n<lde<l  in  exoeas. 

le  nilro-componiiiU  of  the  aocondary  nlcohol-railieles,  inwhich  the 
is  linked  to  the  grnu])  CIl,  give,  when  Kimilnrly  treated,  deep-blue 
ifcina,  which  afltir  a  while  deposit  oolorlesguoinpounds  called  psuudo- 
pl*  ;  *.  ij. — 


I 


Igonitropropane,  1  C  T«i>p 

||;^cu-No,  I  «'-  \^ 


ropvl-psi'udonilrol, 


eomponnda   are  oolorlesa  in  the  Bolid  state,  dark-bine  in  the  fused 
in  soluliou. 
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The  nitro-cnmpounds  of  the  tertiary  aloohol-rodiclcs,  In  which  I 
NO,-group  is  assiH'iated  i>ul.v  willi  carbon  :   «.  </.,  (CH,)jCNO,,  »r«  i 
deoomposed  uor  cyjlurcil  by  nitroiiB  nciii. 

These  rcaotioiia  ntToril  a.  cbarucU-riiitio  and  delicate  ti^t  for  distin^b 
ing  till)  primary,  aeixiiidary,  and  tertiary  alcohol-radicles  (iu  their  iudid 
fruui  oue  auutlier. 


^itroparaffina  of  Iliijhrr  Onlers. 

Trlnltromethane,  or  Nitroform,  CH(NO,),,  is  produced  fay  Iha  i 

of  nitric  aiUl  mi  v.'irioii:)  organic  coin]inunda,  but  is  uiiMt  courenientlj  ( 
taimxl  as  an  ainmoniuin  Bait,  (*(N(i2)jNII,,  by  the  action  of  wutfr  or  ale 
on    trinitracetonitril    or   cyanotrinitro-metbane :    l'(.\<.),),CN   -(-   iH,0  ^ 
0<NO,)jN"H,  -f  t;Uj;    and   on    tn-alini;    the   yellow   cryslnllinn  salt   tli^ 
formed  with  8truu^  Hiilphurio  acid,  nitroforin  Ik  olilainiv]  in  the  free  ^li^ 

Mitroform,  at  t^tmiieratures  above  1:'P  ('.  (3:fC>  ¥.),  is  n  colorli^s  oil ; 
low  that  temperature  it  «olidilieM  in  (X>lurli%s  cubic  crystals.     It  ii  i 
rately  golable  in  water,  forming  a  dark  yellow  solution,     it  cannot  Im" 
tilled,  aa  it  explodes  with  violence  when  heated. 

The  atom  of  hydrogen  iu  nitroform  may  lie  replaceti  either  by  metalii^ 
by  ohloroua  radicles,  namely,  bromine  and   nilryl.     The  iMxtalliu  dcrif 
tived  or  tails  of  nitroform,  are  for  the  most  part  yellow  and  crystallitabi*! 
they  explode  when  heated. 

Bromonltroform,  C(NOj)jnr,  produced  by  cxiK>s!ng  nitroform  to  tin 
action  of  bromine  for  .some  days  under  the  influence  of  direct  dunsliin", 
or  more  easily  by  treating  an  aqueous  solution  of  mercnric  nitf 
C,(N05),Ug,  with  liromim-,  is  a  colorless  liquid  above  120(.'.  (irt.i 
but  solidifies  b«'low  th.'jt  temperature  to  a  white  rrystallino  mass.  U  o 
somewhat  soluble  in  water,  and  may  be  ilistilled  with  aqueous  vapor,  or 
in  a  current  of  air.      It  dccamposes  at  14UC'  C.  (2B4'J  1".). 


t 


Tetranitrometbane,  ('(NO,),,  is  produced  by  treating  nitroform  with 
fuming  nitric  anil  sulphuric  acids,  heating  the  liquid  to  l(H>o,  and  pawing 
air  tlirough  it.  A  liquid  then  distils  over,  from  which  water  throws  dowK 
tetranitrometbane  as  a  heavy  oil. 

Tetranitromethano  is  liquid  at  ordinary  temperatnres,  but  soIidifiM 
1.30  C.  (.^.'>.40  K.)  to  a  white  crystalline  nius.     It  is  insoluble  in   wat 
but  aolalile  iu  alcohol  and  ether.     It  Imils  at  llilP  C.  ('iSS.KO  Y.).  and  un- 
like nitroform,  may  be  distilliii  without  dewmposition.      Wbeu  (|iii.  iii 
heated  it  dec<>m|)oseH,  with  evolution  of  nitrous  vapors,  but  without 
sion.     It  does  not  take  flro  by  cont.iot  with  flame,  but  a  glowing  i.         u 
which  it  is  poured  burns  with  a  bright  light.  J 

NitTOtrlohlorometbane,  mtroohlorofona  or  CUoropicrin, 

C(NO,)('l„  is  privluc4>ii  by  the  notiuu  of  nitric  aeiil  on  various  chlormated 
organic  iv>mj>ounds^:liloral,  for  example  ;  also  by  that  of  chloriueVr  ! 
pi>chlorites  on  nitro-eompoumls,  such  as  fulminating  silver,  *\N,fijA| 
and  picric  acid,  CjlljCNDjJjO.  To  pn<p«re  it,  1(1  parts  of  freshly  prepar 
bleaching  |>owder,  made  into  a  thick  paste  with  water,  are  intro<luLNxl  in 
a  retort,  and  a  saturated  solution  of  1  part  of  picric  acid  he«led  t<>;ttP( 
(8(iO  p.)  in  added.  Ueaotion  then  generally  take*  plaw,  without  furtll 
healing,  and  the  chloropicrin  distils  over  with  vapor  of  water. 

t^bloropierin  is  a  colorless  liqui<l,  having  a  specific  gravity  of  l,rtt{5, 
boiling  at  112^  ('.  (233. *iO  p.).     It  h.-ui  a  very  pnngent  odor,  and  rxpio 
when  suddenly  heated.     By  the  action  of  nascent  hydrogen  (cvoWtd 
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I  rtf  inm  on  (eetie  acid)  it  ia  nduoed  to   amidomothsne   or 
lamioe : 

Ca,.NO,  +  12U  =  CHj.NIl,  4-  3HC1  +  2H,0. 

Dplcrin,  r(NO^)Brj,  is  fnrinnl  in  like  manner  by  heating  picric 
1  r^lcium  hyp<>l>n>ujite  (sliil«»l  lime  and  brumine).     It  clusely  re- 

Bbloropicrin,  <olidilli>a  U-low  UIOC.  (50OF.);  and  may  he  distilled 

^uiu  without  di-couipc«itiou. 

tdlchloromethane,  C(NOj),Cl,  (communly  called  Harignac'g 
iini-<l  l>y  ilistilliii^  cliluruuapbthaleuo  with  uitrio  acid,  is  ver/ 
IwKpicrin. 


AMIDOFARAFFINS. 

I  derivatives  formed  by  the  replacement  of  1,  2,  or  more  hydro- 
I  in  a  paraiBn  by  the  monatomiu  radicle  amidogen,  NU,  ;  t,  g., 

Amido-ethone,      C.HjNH, 
Uiamidu-ethnne,  C|iI,(NlI,),. 

rolatile  and  stmugly  bnaic  compoanda,  exhibiting  in  their  be- 
acida  and  otlur  boilieH  the  clottest  reaembliuicc  to  ammonia : 
^r  indeol  Ixj  refjanled  as  lieriveil  from  one  or  ra(>r<<  molecules  of 
lim  by  the  substitution  of  aleohol-radiules,  mono-  or  |>olyatomio,  for 
Intt  quantities  of  hydrogen :  heuoo  they  are  called  amines  ;  «.  </., 

RKmo-deriTatirea  are  forme<I  by  the  action  of  reducing  agents  on  (he 
(itroparaflliui :  nitroetbane,  for  example,  treated  with  iron  and  acetic 
irerted  into  ethylamiue  : — 


Aioidoethane 


Bthylamine. 


N   »  II 

I,  '    ''       Ethune-diamine. 


C.H.(NOJ 


II. 


211,0    +     C.HjNH,. 


E" 
are  more  readily  prepared  by  other  methods,  which,  together 
pmp«rtiea  and  reactions  of  these  bodies,  will  be  discnssed  in  a 
ipt«r. 


I 


AZOPARAFFINS,  NITRTLS,  or  C7ANIDES, 


I  enmpjinnds  may  lie  regarded  as  derived  from  the  paraffins  by  snb- 
m  of  trivttleut  nitrogen  for  3  atoms  of  hydrogen,  or  us  compounds 
trivalvnt  radicles,  C,H,„    ,    (nitrilg),  or  as  compounds 
radirle,   N=C —  (cyanogen)  with  a    onivalent    radicle 


C.H 


ip+i ' 


If  n  —  1  -f,  3a  —  1^2p-f-l. 


which  givM  2x12+2x14  =  52. 

Thu  uuivuleut  radiclf  t'N  i»  <ifton  roprescntod  by  (^el 
III  the  ]iri*paratiun  of  cyaiiogt^u  from  imriuric  cyanide,  a  br 
blackJBli  fliilMtaiicv,  calluU  paracy  aiiugvn  ,  ii»  always  formov 
quantity.  It  is  insolul>l«  in  watrr,  and  when  calciiii-d  in  a  gam 
not  act  upon  it,  ttuuii  aa  nitrogen  or  carlion  dioxide,  ia  cuuiplete 
ixud  in  the  form  of  cyanogen  gas,  witliout  leaving  any  rarbonai 
due  :  henee  it  appears  to  be  isomeric  or  )KiIymeric  with  cyonoge: 

Hydrogen  Cyanide;  Hydrocyanic  or  Prasal 

Hl'iV. — This  very  iiiiporlHiit   <'iiui]K>iiud,  so  remarkable  for  it* 
properties,  was  diiicoveriHl  a.s  early  as  1782  by  Scheelc 

Pure  anhydroii.s  hydrooyanie  acid  may  lie  obtained  by  passin 
phiiretted  hydrogen  giw  overilry  niennrie cyanide,  gently  heated 
tiilx)  connected  with  a  umall  receiver  cooled  hy  a  freezing  niixti 
a  thin,  colorU'ss,  and  excewlinglv  volatile  liquid,  which  has  a 
(l.7t>n8  at  7. 20  C.  {4.10  F.),  Uiils'at  2(i.lo  f.  (S(.o  p.),  and  eolid 
coi>le<l  to  — ItiO  C.  (0.40  K.)  :  its  odor  iii  very  powerful  and  m(«t 
istic,  much  resembling  that  of  peacli-bloasoros  or  bitter  alDiondn 
a  very  feeble  acid  reaction,  and  mixes  n  illi  water  and  alcohol  I 
portions.  In  the  anhydrous  stale  this  substance  constitutes  1 
most  formidalile  poisons  known,  and  even  when  largely  diluted  n 
its  eRecla  upon  the  animal  gysteni  are  exceedingly  energetic : 
ployed,  however,  in  meilicine,  in  very  small  doties.  The  iniiala 
vapor  slioulil  lie  carefully  avoided  in  all  experiments  in  which  hj 
acid  is  c<mcerned,  as  it  prodiici-s  lieadache,  giddinei»s,  and  othej 
ahle  Byinptonij* ;  ammonia  and  chlorine  are  the  best  antidot*^. 

The  acid  in  its  pure  form  can  scarcely  be  preserved;  even  wh« 
In  a  I'arefuUy  stoppen^l  bottle,  it  is  olwerveil  after  a  very  »b<i 
darken,  and  eventually  to  dei»osit  a  black  substance  containil 
nitrogen,  and  perhaps  hyilrogen  :  ammonia  is  formed  at  Ihe  same 
many  other  products.  Light  favors  this  di'eomposilion.  Even 
lute  "state  it  ia  apt  to  disKimpose.  becoming  brown  aad  tathU 
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ft  solution  of  hydrocyanic  aci<l  may  lie  preparoii  by  various  tueoiis. 
I  tHruiDniicol,  Aiui  by  fivr  tbc  btv^t,  vtUvtv  c*(>nsirl<^rnblf>  qiiaiititii*s 
^ri,  lA  III  •l*Mxitnp<.>KH  yellow  yK>tjLS&iiiui  (crrfK'yanidt'  at  Iniiling  boat 
|lti.'  sulpburio  aoiil.  ;'ilK>  ^'raiiix  of  tin'  powiicrnl  firrixynniilK, 
•ro  di.ssolvcMl  in  four  or  live  ounci-si  uf  wiinii  Hntcr,  uiid  intru- 
\b  a  eapitcioua  dask  or  glulic,  0(iiiU(x,-ti.'(l  by  a  jxTfuraKHl  eork  an<l 
it  tulw  with  a  Liubig'ii  condi'iiscr  wril  Bupiilivd  witii  rold  water; 
l»  of  oil  of  vitriol  aru  diluted  with  llireo  or  four  tiuie.i  lu  much 
1  addtrd  to  Ibi;  ojiiteiitii  of  tho  lla.sk  ;  and  the  distilbition  is  cnr- 
U  about  liiilf  the  liquid  ba.s  disltillod  over,  after  which  the  proci-sii 

ri'--'  •■• I.     The  residuu  iu  tbo  retort  ia  a  white  or  yellow  mass, 

Iv  -iD-ferrous  ferrocyaiiidu,  KjKojCy,  (geo  p.  534),  mixvd 

:|ihati-. 


^ 


rpa 


:«Pe"Cy,  +  3R,S0,  =  OllCy  +  K,Fe",Cy,  +  3K,S0,. 


lydrooyonio  acid  is  wanted  for  the  purposes  of  jiharniacy,  it  is 

iltro  astron^-  solutiou  iu  the  manner  above  descrilHKl,  and  then, 

m^rtAiund  itj!  exact  strength,  U)  <lilut«  it  with  pure  water  to  the 

of  thi<  I'liarouKvipicia,  vii.,  2  per  cent,  of  real  aiid.  This  vx- 
I  ill  bi-st  made  by  precipitating  with  exees-s  of  Hilver  nitrate  a 
•ight  of  the  acid  to  Iw  tried,  collicttnu  the  insoluble  .silvi'r  cyanidu 
■pall  filter  previously  wrighi-d,  then  waxhing,  drying,  and  lastly, 
bg  the  whole.  Trom  the  Wfiglit  of  tliu  cyanidi"  that  of  the  hydro- 
Bd  can  !»>  easily  calculatinl,  a  luohcule  of  the  one  ((.'NAg=  134), 
tding  with  a  molecule  of  the  other  (rXH=i27);  or  the  weight  of 
t  cyanide  may  Ixj  divided  by  ,'>,  which  will  givu  a  close  appruxi- 
» tli'c  truth. 

V  very  good  nuithod  for  determining  the  amount  of  Iiydrocyanio 
iliquid  has  been  suggested  by  Liebig.  It  is  liased  upon  the  pro- 
B^^Hi'd  by  jMitassiluiu  cyauiib*  of  dissolving  a  (iiiantity  of  silver 
inlflcient  to  product'  with  it  a  double  cyanide,  Kt'v.Agf'y.  Hence 
I  of  hydriK:yanic  acid,  which  is  supersaturated  with  ]>otash,  and 
llh  a  few  dro]m  uf  solutiou-of  i-onimon  salt,  will  not  yield  a  per- 
lr<H'ipitat<<  with  silver  nilratr  Ind'ore  the  whole  of  the  hyilrocyanic 
Bverted  into  the  alH)V<'  double  salt.  If  we  know  the  aniomit  of 
it  (jiven  volume  of  the  nitrate  snliitton,  it  is  easy  to  calculate  the 
W  hydrocyanic  ;4cld  ;  for  this  quantity  will  stand  to  the  iinioitiit 
bi  the  nitrate  coiisumitl,  a,s  2  mnleiules  of  hydriKyanic  uiid  to  1 
n»»r,  ('.  e.  .- 

108  :  f>4  ^  silver  consumed  :  j-. 

tnmmon  remark,  that  the  hydrocyanic  aciil  madu  from  polasHiiim 
id"  kwj>s  iM'tler  than  that  made  by  othi'r  means.  Thu  cause  of 
eribcHl  to  the  prescni-e  of  a  trace  of  mineral  acid.  Kvcritt  found 
W  drops  of  hydrochloric  acid,  ailded  to  a  largo  bulk  of  the  pure 
U.  preserved  it  from  dwomposilion,  while  anotlu-i-  portion,  not  so 
^^ame  completely  sjK>iled. 

'  omvcnienl  priH'css  for  tliu  extt-mporanoous  preparation  of  an 
(finite  strength,  is  to  decomjjose  a  known  quantity  of  jiotassium 
rifb  solution  of  tartaric  acid  :  10(1  grains  of  ciyt^talli/ed  tartaric 
pwdiT,  44  grains  of  (sitassiura  I'vauiib-,  and  2  wii^asunMl  ounces  of 
Wati-r,  shaken  up  in  a  jibial  for  a  few  seconds,  and  then  left  nt 
j^lt^r  that  the  precipitate  m.iy  subside,  will  yield  an  acid  of  very 
le  requiroit  strength.  A  little  alcohol  nmy  be  added  to  complete 
•tion  of  thu  cream  of  tartar  ;  no  llltnilion  or  other  treatment  nei'd 

r»d. 
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Bittt>r  almonds,  the  kernels  of  plums  and  peaclicfl,  the  SMids  of  I 
appli',  the  loaves  of  tUu  rhi'rry-laurrl,  and  various  olh«r  p;ir' 
belonging  to  the  grt>nt  natural  order  Jiommr,  y'w\d  on  ili«ii 
wat<T  (I  swet't-snu'lling  liquid  fjjntaining  hydroiyanic  acid.      1. 
bitblv  duo  in  all  rasot  to  tlii>  diHumimsition  of  a  :<ulutanc<-  ealltil  oin 
ouili^r  tho  intlui-neti  of  oniiilain  or  gynnptosi,-,  a  nitrogonizi>d  fi-nne 
ivnt  in  tliK  organic  structaru  (svo  Olucosidss).     Tho  rcaolion  is  pxpr 
by  the  (Mjuation  : 

r^H,,NO„     4-     211,0     =     CNII     +     c,ii,o     +     2r.ii„o,. 

AuiygdAllD.  I'russio       Bitter  ulmooil  GiucoM- 

aoid.  oU. 

Hydrocyanic  acid  exists  ready  formed  to  a  oonaidurablti  extent  iu  the  js 
of  the  bitter  caHsara. 

The  ])re8enee  of  hydrocyanic  acid  i«  detected  with  tho  utmost  ease : 
remarkable  odor  and  high  degree  of  volatility  almost  snfBciently  ehirli 
tcrUo  it.  Willi  solution  of  silver  nitrate  it  gives  a  dense  cnnly  white  jiN 
cipitat<',  jnufh  rt'sembling  the  chloride,  but  differing  from  that  suUitan 
in  not  blaekoning  so  readily  by  light,  in  being  soluble  in  Imiliug  oiti 
aeid,  and  in  snlTering  complete  decomposition  when  heated  in  the  ilry  i 
metallic  silver  being  left:  tho  chloride,  under  l)io  same  cin.'umstano( 
merely  fusi-*,  bill  umlergf>e8  nochemical  change.  The  productiou  of  I'n 
sian  blue  by  "  Schoelo's  trat"  is  an  excellent  and  most  decisive  cxpcriiuenE 
which  m.iy  be  lu.ado  with  a  very  small  quanlity  of  the  acid.  The  lli|uiil 
to  be  examined  is  mixed  with  a  few  drops  of  solution  of  ferrous  si:I  '  ' 
anil  an  excess  of  caustic  pottwli,  and  the  whole  exposed  to  the  air 
or  15  minutes,  with  agitation,  whereby  the  ferrous  salt  i«  partly  (xjh 
into  ferric  salt :  hydrochloric  acid  is  then  addtnl  in  excess,  which  dissolf 

tho  prc"cipilati.Hl  iron  oxide,  and,  if  hydrocyanic  acid  is  present,  le«T 

Prussian  blue  as  an  insoluble  powder.     The  reaction  will  lie  explained  in 
connection  with  the  ferrocyanides  (p.  834). 

Another  very  delicate  teat  for  hydrocyanic  acid  will   Ik)  luentioned 
connection  with  thiocyanic  acid. 


Metallic  Cyanldec. — The  moat  important  of  tho  metallic  cyan- 
ides are  the  lollowiug  :  they  l>eur  the  most  perfect  analogy  to  the  lialoid- 
RUltK. 

Mitastium  Ci/anidf.,  CNK  or  KCy. — PotaMiura  heated  In  cyanognn   pM, 
Likes  Are  and  burns  in  a  very  beautiful  manner,  yii'ldingpotaHsium  cv. 
the  same  substance  is  produc^Ml  when  potassium  is  heati"d  in  the  » .. 
hydrocyanic   acid,    hydrogen    being    lilierated.      When    jmrw    nitr 
transiiiitleil  through  a  white-hot  tub>>  cont.'iining  a  mixture  of  {«.< 
cjirlxinate  and  charix)al,  a  small  quantity  of  potassium  cyanide  is  r 
which   settles  on   the  cooler  portions  of  the  tube  as  a  white   amorpho 
p<jwder  :  carb<m  monoxide  is  at  the  same  time  evolvi-<l.*     When  azoti; 
organic  matter  of  any  kind,  capable  of  furnishing  ammonia   by  destrU 
tive  distillation,   as   horn-shavings,   parings  of  hiiles,  etc.,    is  'hcate<l 
reilm-ss  with  polassium  carbonate  in  a  close  vessel,  a  very  abundant  pa 
duction  of  jKitassium  cyanide  results,  which  cannot,  however,  In*  advai 
tageonsly  extracted  by  direct  means,  but  in  proi'tieo  is  always   cunverU 
into  ferrocyanido,  which  is  a  much  more  stable  subutanov,  and  crystoltl) 
better. 

*  At-rordlnK  to  the  cxperimenta  of  M«rKueritte  anil  Dr  SoantSTal,  the  fnrmatL 
of  ryniiiile  sppeirs  to  be  more  nbunUaat  if  the  poLtsh  be  rrplnccil  by  barvtik  | 
the  bfirluni  oyitnlde  thun  formed  be  cxpoMxt  to  iiBtreiini  of  f«nperlie)ited  stenia  I 
aoo'C.  tbTi"  v.),  the  nitroitrn  of  the  >nlt  Is  cliinln^fed  In  the  form  of  •mnioa 
JMiirgiierltie  ntiix  Do  Sourjeval  recommend  this  prucMa  na  »  methud  of  iift'OKr 
ammoUn  by  cDoaoa  ot  atmosphcrlo  nitrogen. 
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ryunSde  may  be  preparM  by  pAs^ing  tbc  vapor  of  hydrocy- 
M  nlonholia  solution  of  potash  :  th(;s,iU  is  tlii-udopoHitiHl 
■  fomi,  mid  may  be  separaU-il  from  llio  li<(iii(l,  pressiHi 
i>iii  it  is  moro  geuernlly  uiiule  from  tUo  fiTroovauidn,  whioh, 
ated  t"  whiteiitiss  in  n  iiuarly  closii  veasi.-l,  evolvca  iiilrogi-ii  and 
cs,  and  It-avvs  a  mixture  uf  carlwn,  iron  carbide,  and  potassiuui 
wiiioh  latt«r  <alt  ia  not  decomposed  unless  the  tempuratoru  is  ex- 
high. 

has  (fiven  a  very  easy  and  oxecUont  process  for  making  potassinm 

which  dors  not,  liowever,  yifld  it  pure,  liut  mixed  witli  jmlasaium 

For  ni(K>t  of  the  applications  of  ]xitassium  I'yauide,  elc«;tro-plat- 

gildinj;,  for  example,  for  wliicli  a  eousiilrr.ible  quantity  i*   now 

this   imparity  is  of  no  constMiuenec.     Ki|j;ht  parts  of  |>otassiitm 

ido  are  rendered  anhyilrous  by  gentle  Ileal,  and  intiiiialcly  mixed 

narts  of  dry  intaHsiuin  earbonate  :  this  mixture  is  tlirown  into 

—  "hen  crucible,  and  kept  in  fusion,  with  occasional  stirring, 

in  to  bo  evolved,  and  the  fluid  jMirtion  of  the  mass  becomes 

The  crucible  is  left  at  rest  for  a  moment,  and  tlun  the  clear 

pcanted   from  the  heJivy  bla<'k  sediment  at  the  iHittom,  which  ia 

lly  metallic  iron  in  a  state  of  miuuto  division.     The  reaction  is 

Ited  by  the  equation  : — 

kCy.     +     K,CO,     =     5KCy     +     KfyO     -f     Fe     +     CO,. 
^aoiue.       CarboQAte.        Uynnitie.  CysQiite. 

idact   may  be   advantageously  used,  instead  of  pota-ssium    ferro- 

iu    the   preparation  of  hydrocyanic   acid,  by   distillation   with 

)il  of  vitriol. 

um  cyanide  is  often  produced  in  considerable  quantity  in  blast- 

!u  which  iron  ores  are  sinelte<l  with  coal  or  coke. 

urn  cyanide  forms  colorless,  cubic  or  octolii-dral,  anhydrous  crys- 

uesceut  in  the  air,  and  exoeedin^dy  soluble  in  water  :   it  dissolves 

aleoliol,  but  separat<>s  in  great  measure  on  cooling.     It  is  readily 

ud   undergix's   no  change   at  a  moiterate  red  or  even  wliite  heat, 

Ecludeil  from  air ;  otherwise,  oxygeu  is  alisorl«-tl  and   the  cyanide 

oysnatu.     Its  solution  always  has  nn  alkaline  reuclion,  and  when 

to  thu  air  exhales  the  odor  of  hydrocyaiiie  atiil  :   it  ir,  decomposed 

ruakivt  aciils,  even   the  carbonic  acid  of  the  air,  and  wlteii  lioiled 

t  ia  slowly  converteil  into  ]>otassium  forniiite,  witli  separation  of 

It  is  said  to  be  as  poisonous  as  hydrocyanic  ncid  itself. 
ej/aniHe,  NaCy,  is  a  very  soluble  salt,  corri>8iKUidiug  closely  with 
joing,  and  obtained  by  similar  means. 

Pi«/«  ryfiniile,  NU^l^y,  is  a  colorless,  crystalliiable,  and  very  vola- 
Ane^<,  prepared  by  ilistiUing  a  mixture  of  potassium  cyanido  and 
Ipuiae  ;  or  by  mingling  the  vapor  of  aiiliydroiia  liyilroLyaiiie  acid 
Ifuoniacal  gas  ;  or,  lastly,  by  passing  ammonia  over  rwi-Uot  char- 
\  ia  very  soluble  in  water,  subjwt  to  spontaneous  decomposition, 
lightly  poisonous, 

ri'c  cyaniiit,  Ug(CN)j,  or  HgCy, One  of  the  most  remarkable  pro- 

rf  cyanogen  Is  its  powerful  attraction  for  certain  of  the  b-ss  oxidable 
}a  silver,  and  inoro  particularly  for  mercury  and  palladiitiii.  Dilul4j 
Jmic  acid  dissolves  Hnely-iKiwdered  mercuric  oxide  with  the  utmost 
le  liijniil  biBes  all  i>lor,  and  yields  on  evaporation  crystals  of  nier- 
kiiido.  Potassium  cyanide  Is  in  I  ike  manner  •lucomposed  by  luerciirio 
Di-t-SMUiin  hydroxide  lieing  proiluceil.  Merrurie  cyanlile  Is  generally 
8  from  potassium  ferrocyanide  ;  2  parts  of  the  salt  are  tlissolvetl  in 
\  of  li">l  water,  and  3  parts  of  dry  mercuric  Kiil[ili!ite  are  aildwl  ; 
le  ia  boiled  fur  15  minutes,  and  filtered  hut  from  the  iron  oxide, 
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wliinli  gftparaUs.     Tlit"  luilntioii.  on  uonhni;,  drposits  th<-  an  ifgrfe  ■ 
in  crystals.     Mxreurii:  cvnniiln  forius  wliiu-,  tr»u-l' 
liiiich  ri'Sembliiig  t host;  of  wirronivo  «uliliiu:tli> :   i' 
ool'l  water,  mirl  in  a  uiii<'li  ?iii   " 
ill  alixtliol.    Tlicsulutioii  Iwis  . 

an<i  is  not  pr«H-.iiiiliH<tii  liv  iilk„......     ... ,. lo  *..»..  ._  ... 

ratory  ««  a  source  of  cyuiiogifn. 

Silrrr  r^iniilr,  Ag<'.v,  lifts  Ixvu  alrrady  dt-scrilw*!  f  p.  !5^1). — Ziif  ■- ,,ii,i.), , 
ZnCy,,  in  a  wlilte  iiisoluWo  powdrr,  prcjiari'd  by  ii 
liV'ltTH'yniiiB  iMjifl. — CiJmll  ri/aniilr,  (.'<A,'y,,  is  ulitaiii' 
ia  fllrty-wliilo,  and  iiisolutik*. — hilMium  ryu»i</-,  1'  l|| 

vrliitt-  |irvi'ipitato  wlii-n  tlie  cliloriil--  of  tlint  nn-tal 
«y«uiil»;. — Aiirir  ri/imiilr,  Au(>j,  is  yrllowisb-whili-  .li  "i.  ,  i.ijl 

disisolvod  by  golutiou  of  polauniuui  cyanide. 

frnn  Ci/aniria. — Tliese  compounds  are  Bcirnxlv  kni>«rn  in   Iho 
Ktato,  on  account  of  their  great  tendency  to  form  iloublr  tuilt*.     On  i 
potnssium  vyanidu  to  a  ferrous  salt,  a  yelloirish-rml   IlooculrnI  pn 
is  formed,  oonitislini;  chiiilly  of  ferrous  cyanide,  Fvi'y,,  l>iit  alwiiv»4 
ing  B  wrlain  quantity  of  potassium  cyani'li?,  and  il- 
by  oxocsi  of  tliat  »alt.     Kurric  cyanide,  Fe,ry,,  is  i 
Pelouzii   obtaiiK')!   an   inaolulilo   gre<.'n   odiujMiiind   Kcinimur., 
Fel'y,.FejCy„  Ijy  p."Uisim!  chlorinu  gua  into  a  boiling  solution  of  iMtawla 
ferriH^yanide. 

The  iron  cyanides  nnifc  with  nth.-r  mctnllic  cyonidrs,  forming  two ' 
iin|>ortant  gronjis  of  e<nn]k>nud«,  (••■illi'd  forrocyaiiidok  and   feirl* 
anide.'f,  the  coniiMuitiou  of  wluvh  may  be  illustrated  by  Ibt  iwp 
potan!iiiiin-!<alt« : — 

Ferrocyanide  ....     K,Fe"Cy„    or  4K 
Korricyauidu  ....     K,Fi;"Ty^  or  '^k- 

It  will  bo  sewn  from  these  formulie,  that  fcrro-  and  fcrricyanidM 

Ing  the  «ame  qnaiitity  of  cy.inogcn,  differ   from  ttv. ^    -     ■ '■ 

atom  of  univalent  luelnl,  mid,  arconliiii;!/,  it  is  fun 

Im  eoiiverttxi  in(i>  the  hitler,  by  llm  ivotioii  of  i.xul: 

aKPnl'^,  and    the   latter  into  the   former  by  tli 

adiling)  ai;cnts.     Thus  poiassinm  fen'oeyuiiiil 

forrieyaniito  by  tb«  nclioii  of  chlorine,  and  ni:>  M 

In!  formed  frmn  fi'rrieynni<l««  by  the  netioii  of 

dii' ;  II  ferrlcyande.  K,l' 


■111 
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vnnide,  (.VH,jKjF«"<;y^|. 


FWnri/nuulnt. 

Fotaulnm  rerrooyanldv,  K^FxCy,,  or  4ICCy.P<.<Cy^  nnnu'inh 
i/tlloui  jiiufiiur  >ti  funotti. — Thi>  liu]»rtaut  salt  i»  fnnu«W— I.  My  i4 
pruclpitatiuk  fernm*  i>yanld><  In  itiinivtu  e>dutlon  of  puioiadiiiii  » 

•  Th«  firm.  > 

Ofr,    ■ 

no 
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Ijr  iligrsting  fi'rrous  liydratu  witli  potassiam  cyanide,  {lotaiib  being 
'  It  tile  «aiuu  tiiut> : 

eKC>    +    FcH.O,    =    2KI10    +     K,Ft<'y,. 

Ferroiu  cyaniJu  with  aquccius  potasli : 

3FeCy,    +    4KU0    =    SFoE^O,    +     K.FeCy,. 

Aqu(!oas  pulassium  cyanide  witli  metallic  iron :    if  the  air  be  ex- 
1,  hydrogon  is  evolved : 


HCCy    4-     Fe    +     2H,0 


K.FeCy,    +     2KHO    +     H, ; 


Uir  air  has  acoeaa  to  the  liquid,  oxygon  in  absorbed,  and  uo  hydro- 
evolved  : 

6KCy     +     Fe    +     U,0    -|-     U     =     K.FeCy^    +     2K1K). 

'errotu  sulphide  with  aqueous  potasaium  cyanide : 

(jKCy    +     FlS    =    K,S    -I-     K.FaCy,. 

,  Any  soluble  ferrous  salt  with  |)OtaBsiiiui  cyauidc  ;  e.  g. : 
GKCy     4-     FeSO,    =     K,S().    +     K.FeCy,. 

■psiium  ferrocyanide  is  manufootured  on  the  large  scale  by  the  follow- 
firooesa  :  Dry  refuse  animal  mattt-r  of  any  Icliul  is  fused  at  a  red-heat 
It  impare  jwtaMium  carU^nate  ami  irun  filings,  in  a  large  iron  vessel 
u  which  the  air  should  be  excluded  its  much  us  possible;  potasHJum 
nide  is  generated  in  large  quantity.  The  raeltwl  mass  ia  afterwards 
kted  with  hot  water,  which  disaulves  out  the  cyanide  and  otlu-r  milts, 
cyanide  being  quickly  cx)uvnrte<l  by  the  oxide  or  sulphiiln*  of  iron  into 
Doyanide.  The  liltereil  solution  is  evaporale<i,  and  the  first-formed 
Mais  are  purified  by  re-solution.  If  a  sufficient  quantity  of  iron  l>e  not 
Mtit,  great  loss  is  incurred  by  the  decomiHwiliou  of  tlie  cyanide  into 
miuiu  carhouate  and  ammonia. 

I  new  process  for  the  prcparntion  of  potassium  fcrnxyanide  ban  lately 
n  profKiScd  by  Oilis.  It  consists  in  converting  rarlKni  liisiilpljid<>  into 
inoniuui  thiocarbonate  by  agitating  it  with  ammonium  siil|pliide  :  CS,  + 
il,),.S  =  (NHjjCSj,  and  heating  the  product  tlios  obtained  with  imtas- 
m  tulphide,  whereby  iiotassiura  thiocyanate  (p.  ,'i44)  is  formed,  with 
luUoik  of  ammonium  sulphide  and  hydrogen  sulphide  :' 


» 


2(Nn,),C3j  4-  K,S  =  2KCNS  +  2(NIf,)HS  +  3n,S. 


»  prttassinm  thiooyannto  is  dried,  mixed  with  finely  divided  metnlllo 
].  and    bealfd   for  a  short  time  In  a  closed   Iron  vcssil   to  dull    reilni'ss, 

by  the  mixture  is  converted  Into  |)Otassinm   ferrocyanide,  potassium 

;de,  and  iron  sulphide  : 

6KCy8  +  Fe,  =  K.PeCy,  -f  .IFeS  -f  K,S. 

Btmcnt  with  water,  the  sulphide  and  ferrocyanide  of  potassium  nro 

re<t,  and  "U  eva|ioratiou  the  ferrocyanide  is  obtained  in  crystals.     It 

to  l>e  seen  whether  this  ingenious  proceas  it  capable  of   U-ing 

Tleil  out  npoti  »  large  scale. 

I'utaxsluni    ferrocyanide    forma    large,    transparent,    yellow    crystals, 

.  •  •iilphnr  )•  ilvrtved  from  t|i«  reducml  tulpliKte  of  the  onnte  pearl-aihei  and 
inni  •ubilaoees  Msed  In  tliu  in*aurrtctiiri'. 
45* 
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KjFeCyj  +  3Aq.,  derived  from  an  octoliedron  with  a  square  tuiae:  th 
cleave  with  facility  in  a  direction  parallel  lo  the  base  of  the  {nUihedruil, 
are  touKii  and  difficult  to  powder.     They  dissolve  in  4  parts  of  col<i  i 
parts  of  Ijoiling  water,  and  are  insoluble  in  aUohol.     They  are  peruian 
in  the  air,  and  have  a  mild  saline  taste.     The  salt  has  no  poisouuiu  j 
perties,  and,  in  small  doses  at  least,  is  merely  purgative.     Kx|Hat«l  i 
gentle  heat,  it  losits  3  molecules  of  water,  anri   lH<comes  anliydrivus: 
high   temperature  it  yields  potassium  cyanide,  iron   c;>rbide,  and  vuit 
gaaixius  proilncts  ;  if  air  U?  atlmitted,  the  cyaniile  l>t>eomes  cyanat*. 

I'otussium  ferroeyaiiide  is  a  chemicjjl  reagent  of  t;reat  value  :  when  mil 
in  solution  with  neutral  or  slightly  acid  salts  of  the  hi-avy  mel:iU,  il  j,'i« 
rise   U)   precipitates  which   very  frequently  pr>-seut   highly  characli'ri'lto' 
oolom.     In  most  of  these  eiim|joiinds  the  ]>otassium  is  simply  di>plai»<l  i^ 
the  new  metal  :    the  tieaiitifiil   brown  ferrocyanide  of  copper  uoiitailM,  ilT 
example,  Cu,FeCy,,  or  ^'ut'y,.FeCy„  and  that  of  leail,  l'b,Fe('y,. 

With  ferrous  salts,  potassium  ferrocyanide  gives  a  precipitate  wliiili 
perfectly  white,  if  the  air  bo  excluded  and  the  solution  is  quite  frei'  from  fen 
salt,  but  quickly  turns  blue  on  exposure  to  the  air.  It  ixmsisls  of  p(itaji4 
ferrous  ferrocyanide,  Kjl'V^ty,,  or  |>otassium  ferrocyanide  liavln{ 
half  the  potiwsimu  replaced  by  iron.  The  same  salt  is  produced  ip  tjje 
preparation  of  byUriK-yauic  acid  by  distilling  potaaaiam  fernwyanide  w'ttJl 
dilute  sulphuric  acid  (p.  529). 

When  a  soldlile  ferrocyanide  i.s  added  to  the  solution  of  ayVmV  »i/',  » 
deep    blue  jirecipilate  is  formeil,  consisting  of  ferric    ferrocy  auidr, 
Fe,Cy,^,  or  l'V"',Ke",('y|,,  or  2(Fe,)''('y,.Fet'y„  which  in  eomhiuali"    '  '' 
IS  tiHiU'cules  of  water  constitutes  ordinary  Prussian  blue.     This  I- 
pigmeiit  is  best  prepared  by  adding  potassium  ferrocyanide  to  ferra  ij...^u_ 
or  chloride :  ■ 

3K,FeGy,  +  2(Fe,)"tl,  =  12KC1  +  Fe,Cy«.  " 

It  in  also  formed  by  precipitating  a  mixture  of  ferrous  and  ferric  salts  «riU^ 
potassium  cyanide  :  ^ 

18KCy  +  3Frf'l,  +  2(Fe,)"Cl,  =  18KCT  -f  Fe,ry„. 

This  reaction  explains  Sohoete's  test  fur  prussic  neid  (p.  5311).    PniuianJ 
blue  is  also  forminl  by  the  action  of  air,  chUiriue-water,  and  other  oxidliil 
agents,  on  iiotassio-ferrous  ferrocyanide  ;  probably  thus  ; 

6K,Fe,Cy,  +  0,  =  FejCy^  +  3KjFeCy,  +  Fe,0,. 

Tt  is  chiefly  by  this  last  reaction  that  Prussian  blue  is   prepared  en  'tl( 
large  scale,  JMitassium  ferrncynnide  being  first  precipitated  by  ferreiin  ■'i'' 
phate,  and  the  resulting  while  or  li(;bt  blue  precipitate  either  left  l<i 
by  contact  with  the  air,  or  subjected  to  the  action  of  nitric  acid,  i  i. 
hypoohlorifi-s,  chromic  acid,  etc.     The  product,  however,  is  not  pur.      ''_^_ 
fernxH-aiiide:  for  if  is  certain  that  anntlier  anil  simpler  reaction  tnl«»pl>^H 
at  the  same  time,  by  which  the  potassio-ferrous  ferrtwyanide  (K,Fe")Ke"'^MB 
is  converted,  by  alistractimi  of  an  atom  of  )>otas!«ium,  into  pot8S6io-f<'f  ■ 
rons  ferricyanide  (KFe")Fe"'f'y,,  which  also  possesses  a  line  AfV^ 
blue  color,     f'nniiuercial  Prussian  blue  is,  therefore,  generally  a  mixtii'* 
of  this  compound  with  ferric  ferrocyanide,  Fe"',Fe",Cy„,  the  one  or  tli' 
other  jiredominaling  according  to  the  manner  in  which  the  prixvas  is  f"' 
ducted. 

Prussian  bine  in  Hie  moist  xtate  forms  a  bulky  precipitat«,  which  »hTiBK*_ 
to  a  comparatively  small  compass  when  well  wnsheii  and  dried  by  a  B«' 
beat.     In  the  dry  state  it  is  bard  and  brittle,  much  resembling  in  apji 
anco  the  beat  indigo  ;  the  freshly  fractiired  surfaces  have  a  beautiful  vopp 
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X-U  lustre,  similar  lo  that  produced  by  rubbing  imligu  witli  a  liarrt  bwly. 
'ruKi-iAU  I'lne  is  quiU>  insdiiibin  in  wator  unil  ililutr  iM:>ids,  witb  th«  fxc^p- 
I  of  uxulic  si!i<l,  III  11  holuUuii  of  wUicli  it  ilibdulves,  furuiiiig  u  ilt-eji-bliiu 
luiil,  wliii'li  is  $<iiiiMtiiu(*s  iiBPil  lis  ink  :  (xpuruiilrulwl  oil  uf  vitriol  couvt-rlB 
\  iutii  n  irliiti.',  pasty  iuoks,  wliiili  ngiiiii  ti<n.'<mi>»i  liluiom  uilililiun  of  wntcr. 
ibwiriiy  tliij  color  iiistttiitly  :  tlii-y  ■IissoIvh  out  a  fomicyunicli'.  and 
i«rri<-  oxiilii.  Uoilitil  witli  watt-r  anil  iiKTciirii'  oiidv,  it  yii-lils  iiu-r- 
!«yiini'l<"  ami  fwrir  nxiile,  lloatinl  in  tin'  air,  rriiXKian  hlun  linriui 
liki-  liiwl.-r,  liyivtng  n  n-siiliii<  of  fi-rrir  oxiili'.  KxpoKuil  to  a  liigli  tcmiKTa- 
tur<'  ill  a  <tli»«  ru»8>'l,  it  t.'ivt's  off  water,  amnionium  i.yaniitu,  ami  aiiiniouimu 
carbonatv,  ami  Ixaviii  carliiiie  of  iron.  It  lornis  a  n-ry  Itvautiful  piguuuit, 
bolli  lu  oil  ami  wati-r  color,  liiil  lias  littU*  purniunoney. 

t'oiiifuoii  or  lia-iic  Prussian  blu"  is  an  infprior  articU-,  pri'pansl  by  prc- 
dpil.iliiig  a  mixture  of  fLTroU8  oulpbati-  ami  alum  Willi  potaDHiuiu  r<-rro- 
oyaiii>li<,  auil  ■•xiHi.iing  tin-  pn'fipit.ito  to  tUo  air.  It  uoiituiiiH  uluiuina, 
wliic'h  iiii|>air!i  lli<-  i»lor,  liul  aiMs  to  tlir  wi'iglit. 

Solulilo  I'rufsinii  liliio  is  olilaimsl  liy  aileliiii;  f.-rrii"  obluriilu  to  an  •'Xciiig 
of  poLissium  fiTro'V.iiiiili-;  it  is  iii.soliilili'  in  llii'  salinw  liiiuor,  l>ul  hoIuIjIu 
ill  pur''  wat'-r.  It  him  a  •im.'p-btiii'  color,  and  proliably  ooiisists  of  {MilasBio- 
(iirruiu)  ferricvaiiidu. 


Hydrogen  Ferrocyanide,  flii</rn/rrrocynnic  Aciil,  HjFory,,  is  prepared 
hj  iliTiinijioniiig  ferrocyaiiidi'  of  lead  or  (roppur  cUHpcndeiJ  in  water  by  a 
•treani  of  sulpburetled  hydrogen  gas,  and  separateti  on  evaljoraling  tliii 
llll<'red  solution  in  a  vat'uiuu  over  oil  of  vitriol.  Its  solution  in  water  haa 
a  paiwerfully  .ici'l  taste  and  reaction,  and  decompotius  alkaline  carlHinates 
with  ulTerveaconoe :  it  d(>o»  not  dissolve  meruuriu  oxide  in  the  oobl,  but 
wlieu  Ileal  is  appliod,  undergoes  decotntxisitinn,  forming  mercuric  oyanino 
and  ferrous  cyanide:  H,I'efy,+2Hgi>=2Hg(:y,+FeCyj4-2Hjl>;  but  tlio 
frrrous  cvauido  is  immediately  oxidiztil  by  the  exci-ss  of  mercuric  oxide, 
>'    '  itlou  of  metallic   mercury.     In   the   dry  state  the  acid  is  very 

Ijut  when  lone  exjioBe*!  to  th«  air  in  contact  with  water,  it  a 
<-■■ ^ivt<rt<.vl  into  I'ruKsiau  blue. 


Sutiitui 
prisms, 


1mf«/i'OT(/n 


fVrrufy«««/«,  Na,FeCy,.12.Aq.,  orystsUizes  in  yellow  four-sldiid 
lilcU  are  elBorcsccnl  in  the  air,  and  very  soluble. 

AVrrr-iryoniV/r,  (,\II,),F<'<'y,.3Aq..  is  isomorplious  with  potassium 

-  ily  s<^iluble,  and  is  deetimpiiMed  by  ebullition,     linrium 

„,  |irepared  by  Ixiiling  fxitassium  ferrocyanide  witli  a 

'I  iMijiitfi  cliliiridi',  or  Prussian  blue  with  baryta-water,  forms 

■  w,  iinliydrous  crystals,  which  have  but  a  small  ilegree  of  Boln- 

.  i.,..ij,...  water.     The  corri««p<iiii|ing  compounds  of  tlnmllum, 

lire  mori'  fnvly  soluble.     The  ferrocyanidea  of  silrrr, 

mil    /ii«wur/i  are  white  and   insoluble;   those  of  niV/.cif 

'-green  and  insoluble,'  and   lastly,  that  of  twyfin-  has  a 

brown  tint. 

I  il  double  ferrooyanides.    When,  for  example,  conwn- 

ium  chloride an>l  imtasaiiim  fi'rMcyanidi'  are  mixed, 

>..iii..i.-  .  lyslalline  precipitate  falls,  containing  K,CaFeCy,. 


^« r r i c jf<i  II 1 1/ <• « . 

Thrtr   .ill-   nie   I'lriiied,  sK  already  observed,  by  abstraction  of  mebi 
I  the  ferrudyaniiJ»«  ;  in  other  words,  by  the  action  of  oxidixing  agents. 

im   Ferrioyanlde,  K,Fe'"Cy,.  or  K,(Fc,)'>ey„,  nUe^^  cxUe 
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Ai.a>UOLIC   CTAHIUBg  OB   UTDROCrAXIC    BTII8BS. 

Tht^i*   coiU|j(iiiii<Li   |>t»y  on  important    part  iii  orgtiiiiv   clu'inistry  :    for  ' 
jcuiiij'li-,  iu   tUx    (xnivvrsioo  uf  aluutiuls    iutu    auidd    ouutainiug  a  grvaliT 
uiiilnr  III  I'^riMm-uloiu:!. 

The  cyanides  uf  luiivali-ut  aU-oliol-riKlitilm  luay  aUo  b><  rcgardttl  as  coni- 
uuds  uf  uilrugt^Q  with    Irivaluiil    riulii'tt»  :    lieucc,  as   alruady  oliserveii 
( j>.  -ySi),  lUvy  aru  oftvii  i'alle<l    u  i  t  r  1 1  s  . 
TliM«  aluuliulic  cyauidv^  arc  produceil  ; — 

1.  By  dlKtilliiij;  a  nuxtari!  of  iHiUsuium-oyaniJc  and  the  potassium-salt 

('Hi 
pt   vlliyliiulpliiirir   acid,   '|,*  >  tj(l(,  or  a  siiailar  avid  : — 

KCN  +  (Cjlli^KEO,  =  HL^SO,  +  C,II,.CN  . 

2.  By  the  dtdiydratinK  action  of  phospliorip  oxide  mi  the  .".iiimoiiium-salls 


t)(  the  luuiiobo."!!!   ociiU,  l',.llj„0,  niid 
bejizoiu  iiuid  rtspvctivily,  lUuii 


C„llj„_^0„  hoiuiiliigoiis  with   ac<!liu 


C,II,0,.NI1, 

Aoiuiuitiuui 
iicctatc. 

Amtnutiluiu 
beuZuAte. 


—        2H,U         = 


—        2H,0         = 


C,H,N 
Ctheiirl 
uitrll. 

C,IIjN 
Beuzoultril. 


Tho  bodiot  obtained  br  these  two  procrases  arn  oily  liqnids,  nxhiliiting 
th«  saiu"  pi-ujicrties  whether  preparu<l  by  tlie  flriit  or  tlie  second  luethud, 
«xwplifi|;  tliat  thuHe  obtiUiuHi  by  the  latter  have  an  aroiualie  fragrant 
odur,  whereas  llirisc  preimrcil  liy  elie  former  have  a  pungent  and  repulsive 
<itlnr,  due  to  the  preaeiue  of  w'rtain  iwiiuerie  i'oiii[iouiiils,  to  l)e  noticed 
further  on.  .'AMy/  rynniilt,  h'lliniyl-nitril,  or  Airlunilril,  boils  at  77-'  C 
(I7".i^^  l'".);  A,V/.y  ri/anutf,  or  Hfn'iH-nylnilril.  at  820  I'.  (17!».i>'-'  K.):  /i"'y' 
yrinu/r,  or  V„lr,m„irll,  at  12.'>-l;^'iO  (_•.  (•^,^-^>,\^,■iAO  V.):  Isvpeiiti/l  ci/iiiiiile, 
Kmiji  ciftimdf,  or  Ca/)ri>nitril ,  at  l4liO  C.  (2a4.B'^  ¥.);  Pheni/l  cj^uau/f,  or  liea- 
m,u,.l.  at  190.(jO  C.  (37flo  F.)- 

All  thitse  eyjuiidi?!,  when  heated  with  fuming  sulphurio  acid  or  sulphariu 
oxidn,  are  converted  into  sulpho-acids,   thus  ; — 


rn,.cN 

Hetliyl 

ni,.rN 

Mclli   ■ 
pyjiali 


Mctlivl 
lie. 


IIKI 

lilUlln[J^ 


4-     U,0    +     2S0.H,     =    SO.U(NU.)     +     CAl,SO, 

Sulpli.^cello 
acid. 

+     3ILS0,     =     SO.HlNH.)     +     CO,     +     CH,S,0, 

Uiauljilio- 
metholic  ncl'l. 

with  eanstic  potash  or  soda,  they  are  resolved  into  ammonia 
•ixmdiiig   fatty  or  aronmtin   aoid.  Just  as    iiydroiyanic  acid 
ited  in  ri<solvi«l  into  ammonia  and  foruio  aoid  ;   thus  : — 


nry 

Hyilroirea 
cftnlde. 

cii.rN 

EehTl 
oyAOiUcL 

ajranlilr. 


+     2H,0    = 

+ 
4- 


2H,0     = 


2ll/» 


Nil. 


+ 
+ 
+ 


CH,0, 

Formlo 

acia. 

C,ll,0, 

Propionle 

acid. 

Benzoic  acid. 
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The  alooholie  cysnidei  or  nitrili,  trcat<<d  with  niisopnt  hTdrogeo,! 
converted  into  the  corrtmpnndiiig  suiinu-bases,  r.  ij. .- — 


CNCH,    + 

Methyf 

cyanide. 


2H,    =    NU,(CII,C11,)  or  CjUjN 
£tn>UmlDe. 


Elhene  Cgamile,  (C,H,}"(CX)^  ia  obtained  hy  distilling  potassium  ( 
ido  witli  Bthene  t>oinide  : — 

C,H<Br,    +    2KCN    =    2KBr    +     C,H,(CN)r 

It  is  a  crystalline  body,  mtlting  at  5(0  C.  (14«0  F.),  and  convertMl 
alc'uUotic  potash  into  ammonia  and  succinic  acid  : — 

C,H,(CN),    +    4H,0    =    2NH,    +     C.H.O,. 

laooyanldes,  or  CarbamineB. — On  examining  tho  equations  jusi  pi* 
for  llir  ilicoiii|M>silioii  of  tho  alcoliolic  cyaniilos  under  llio  iulluc.mxi  of  till*-  J 
lii'S,  it  is  easy  to  sfe  tliat  tlii>  nfacfion  mi^'lit  Imi  supposed  to  take  plaw  i 
a  dilferiMit  way,  earh  cyanide  yielding,  not  ammonia  and  an  acid  <ioul*i< 
ing  tlie  same  number  of  earlion-atom.s  as  itself,  but  an  alcoholic  i 
or  amine,  and  formic  acid  ;  thus  : — 


C.ll^.CN 

Ethyl 
oyaDlijc. 


+     2H,0 


amine. 


cn,o, 

Formlo 
aelil. 


In  the  one  ease  the  alcohol-radicle  remains  united  \tith  the  oarlMin,  pil 
duciug  a  homologiie  of  formic  acid,  togetlier  with  aiuuioiiia  ;  in  (lirotli 
it  remains  united  with  the  nitrogen,  produeing  \  hoiuologuo  of  i 
together  witli  formin  acid, 

A  class  of  cyaui<le8  exhibiting  tlie  second  of  these  reaclifins  ha*  ' 
diicovnred  by  Dr.  ilofmaiin.*     They  are  obtained  by  diHiilling  a  mixtu 
of  an  alinholio  ammonia-baite  and  uhloroform  with  aloohulio  potash :  ' 
exam{ile  ;^ 

C-HjN    +     Cnc\,    =    3IIC1    +    C.HiN 
Anllloe.  Cliloro-  Ptieoyl- 

form.  laocyanlde. 

The  potash  serves  to  nentralize  the  hydrochloric  acid  protlnoed,  irhU 
would  otherwisequiokly  deoom|)ose  the  isocyanide,     Phenyl-i- 
phenyl-oarhamiuo,  when  freed  from  excess  of  aniline  by  ox;m 
dried  with  caustic  ]>otash  and  rectified,  is  an  oily  liquid,  gii- 
mitted,  blue  by  relli'cted   light,  and   having  an  intolerably   punjjenl  «i"l 
sulfocating  mlor.     It  is  isomeric  with  benxonitril,  and  is  reaolvixl  by  luil- 
iug  with  dilute  acids  into  formio  acid  and  aniline : — 

C,HjN    4-    2H,0    ^    CH,0,    +    C,H,N. 

It  is  a  remarkable  faet  that,  whereas  the  normal  alcoholic  eyanidea  U* 
easily  decum|>osuil  by  lioiling  alkaline  solutions,  th"  isoeynnide*  are  srareclj 
altered  by  alkalies,  but  are  easily  hydrat<'<I  under  t)ii<'inl1u>'niw  of  «ii<l». 
The  iaoeyanides  of  ethyl  and  sniyl  have  b.>.'n  obtained  by  similar  |in>- 
oessea  ;  namely,  by  distilling  methylnmine  and  ethyhmine  res  pert  ivfiT 
with  chloroform,  also  bv  tho  action  of  ethylio  and  amylie  iodides  .".  '  ' 
cyanide.  They  resemble  the  phenyl  comjmnnd  In  their  reaction*, 
also  ehar.-M'terijied  by  extremely  powerful  odors.  The  repul.'ive  i«|.. 
Bussed  by  the  normal  alcoholic  ryanides  when  prepared  bydistllling  ] 


•  Proeeedlujt  of  tho  Boyal  Society,  xvl,  IW,  141,  IW. 
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tgrutido  irith  the  rtlijl-sulpbates  ur  liumolugoua  snlta,  appears  to  be 

.1      __.^ -i^iii  quaulitieii  of  these  iaix^yaniiics. 

:  ittiou  l«IWi't^ii  the  iiuriiial  <'v;iiii<k'tf  ttlid  the  itio- 

, J         ;jlod  hy  the  fulluwiiig  furuiulie,  taking  the  luuth^l 

opoands  lor  example  : — 

K^C-CH,  or  O'  i  ^^         CSN— CH,  or  N  >  |  ^^ 

OxaatUe.  Iiooyinlde. 

the  isoeyanide  the  carbon  bchmging  to  the  alcohol-radicle  is  unitMl  di- 
!tly  with  the  iiitriiijen  ;  iu  the  eyiinide,  ouly  through  the  ueilium  of  the 
•Imn  liehjnging  to  thv  cyanogen. 

riibi  (lilTrreiice  of  «tracture  may  perhaps  apoount  for  tlio  difference  in 
utiotw  of  the  cyanides  and  uocyanideii,  under  the  influence  of  hydrat- 
[  agtruta,  thuH  : 


<■(?... 

Methyl 
eyaalde. 

»{?... 

Meltaol 
ttocyaulde. 


HHO 
UHO 

Wnter 

Cimol.) 

UHO 

HH<J 

Wnter 

(Smol.l 


=     NH,    4-     (■ 


Acrtlo 
acid. 


McthyUmioe 


ivu, 

I  0" 
(oh 

■  rt'tlO 

eld. 

(" 
(■  {  0" 

(oh 

Fornilo 
acid. 


ti  iancTanidos  of  metliyl  and  ethyl  (methyl-  and  ethyl-corkamincs) 

Cyanic  Aold,  CHNO. — of  this  acid  there  are  two  poKsililu  tnodifi' 
lUuiu  repre^eiilnl  by  the  fonuiilie  : 

tlt3C— OH  and  CO^N— H  . 
modifications  are  actually  exhibited  in  the  inetallic  cynnntcs  and 
I*  cyanic  ethers  ;  but  the  aciit  itself  is  known  in  otic  UKMlitiriitiuii  cmly, 
>•  partirul.ir  constitution  of  which  hns  not  yet  been  lieterinined.  It  is 
Kndacrd  when  cyanuric  acid,  deprived  of  its  water  of  iryiitallijEntion,  i:( 
(at«t  to  dull  n-dnenH  in  a  hard  glass  retort  couneeteil  with  a  receiver 
wl"l  by  ice.  The  cyanuric  acid  is  resolvivl,  without  niiv  other  j)ro<liirt, 
it»>  cyanic  acid,  which  condenses  in  the  receiver  t<>  a  limpid,  ("olnrless 
quid,  of  i-xw-edingly  pungent  and  penetrating  ixior,  like  that  of  the 
*w»g«*t  acetio  acid  :  it  even  blibters  the  akin.  When  mixed  with  water 
uio»l  immediately,  giving  rise  to  ammonium  bicarlx>uate  : 


oxTGioi-  ajio  strLPuni-coiipoirxDg  of  cyanooen. 


CHXO    4-    n,o 


CO,    4-    NH,. 


jJb  oomeqnrnr*  of  this  decomposition,  cyanic  acid  cannot  bn  iicparat<>d 

JBcyanate  by  a  stronger  acid.     A  trace  of  it,  however,  always  escapes 

KptMitinn,  and  oomrannicafes  to  the  carbon  dioxide  evolved  a  pnngi-nt 

'  'iniilar  to  that  of  sulphurous  acid.     The  cyanates  may  lie  easily 

nishol  by  this  smell,  and  by  the  simultaneous  formation  of  an  am- 

k-»alt,  which  remains  behind. 

>  oyanto  B«id  cannot  be  preserved :   shortly  after  its  preparation  it 


d 


510 


CYANOOBN-00MP01/SDI5. 


clinnKi>8  Dpnnlaiivously. 
whit*',  npiupif,  ani>-^-  ' 
Bull'-  coiiiiMisiiiiin 
and  iiilut>?  auicU  :  ::    . 


with  sadden  riew  of  iMniprratun*.  luta  mt 

'ih«tanc«,  c.i' 

■111 :    it   Ls 
-  in  strung 


with  eviiliilinli  of  ciirljon  rlioxidv  and  |>nv)(ii'lion  •< 

«  Hiilution  (>r<4ut*tii-  nlkitli,  it  di»s«li-t^,  xtiinionia  l^ 

mixture  nf  ovanalc  and  (.'vaiinratr  of  the  base  geuu(it(u<t.      Uj  litf  an 

latinn  it  is  r>H.'»n verted  into  i ynuic  acid. 

t\Aiuaum  Cyuiaic,  CNKO. — Of  this  sail  tharn^arx  two  modiflomaDa,  i 

N  -C—OK         &iid        CO=\K 
Normal  cyanile.  laocyaoatct. 

The  normal  cyanato.  fonntHl  b.v  passing  ganmus  c)r»nng«n  eUlorlil*  (|».  M4) 
into  cold  aqueous  p<ita«h,  crystalliam  in  long  n<>ctUcs,  uid  ia  oitiirarlad  bj 
fusion  into  the  ixm  van.itv. 

The  iitw.vaimte  (onliiiarv  t>ola».«iun)  cyanal*")  is  li<«»f  \" 
inv  polnasinni  eyiiniile  with   litharge.     The  ryauide,  »l' 
portion  of  cyanate,  deserilwd  at  pn«e  531.  ii  r«iiu'lte<i  in 
ble,  and  linely  jMindered  lea>l  oxide  added  l>y  tiinall  {» 
is  inHtniil»iie<iii!<ly  re<lueed,  and   the   wetal,  at  lirsl   in 
division,  ultimately  ejilhK'ts  to  a  fiiseil  glnhnle  at   the  \- 
hlo.      The  «nlt   is  ponred  out,  and,  when  cold,  powileri"! 
BhH)hnl  ;  (he  hot  filtere<l  Kulution  ileiKwits  ery»tal4  of  |nii 
on  ixxdiUK-     The  ^eal  deoxidiiing  power  ezerliHt  by  p<>i 
a  high  l4<uip*>rature  renders  it  a  valuable  agent  in  niany  ut  tUu  tlui-i  uuUl    . 
lurgic  operations. 

Another  uieth<Hl  of  pre)iarin);  tlie  isoeyanalfl  lit  lo  mis  dri.  '       •  ' 
powderwl    pfilu.-siiini    ferriK-yanide   with    half   its   wei^rht   ol 

manganese  dioxide  ;    heat  this  mixture  in  a  jbalh"   ' '' 

vxposure  to  air  and  rre<|Ueut  xtirrin);,  until   the  tn 
at  an  end  ;  and  IkiII  the  resiiliie  in  uletihol,  whiili  ' 

The  salt  crystallines  from  aloohol  in  thin,  i-olorleiw,  n 
which  sutler  no  change  in  dry  air,  but  on  ex|>"siire  to  n 
ally  c<mverte<l,   without  inueh   alteration   oi 
liicarlM>nate,  afnniDui.i  iH'ing  at  lli«*  same   tini' 
]>olai!KiHin  ismyimate  in  Inr^'c  c|iinnlity  ;   Ihe^.'iiiu 
in  the  cold,  and  rapiilly  at  a  lioilin),'  heat,  into  |k>i 
ammonia.     Ulien  a  iM>neentra(ei|  HoUilion  in  ioixkI 
of  dilute  mineral   acid,  a  precipitate  falls,  consisting  ' 
ryanuratc     Potassium  is^icyanal*-  is  reduci-d  to  cyaniil' 
dharivial  in  a  covered  rrurible.     Mixed  with  aolntlnns  of  leitit  utd  wlfMtJ 
H  givea  rixe  to  white  insoluble  Isoryanates  of  those  inet.il>.  ^ 

Ammnnlum    fi/iiniilf    (prfdmbly  i'«>)i    CN,ll,rt,   or    XU,! 
va|Mir  of  cyanic  ,vi>l   is  miKed  with   exce«s  of  amiiuini 
nry»l;illiiie.  snlid  substance  is  produceil,  which  ha-i     "    ' 
true,  .ilthoui.'b  not  Ui'iitral  aintiioiiintii  rvAiiate.      I' 
if  niixiMl  with  an   nciil,  evolves  cnrlsiti  dioxide:  v 
ammonia.     Hut  if  the  solution  W  heated,  or  If  tb. 
ptwi-d  for  a  certain  time  to  the  air,  a  jxirtlun  of  anin 
thr>  properties  of  the  oounKMiiiil   are  ci^iiipletely  chaug<y|.      li 
niIX4>d  with   acids  without  the  leajit  nijcn  of  decoui|KMltlon,  n 
<«volvo  the  smallest  IracA-  of  ammonia  whi-n  treated  with  ■  •  '  ' 
Thf  result  of  this  tnuisforuatiun,  a>  alruady  observed  (  i 

Cyanurlo  Aold,  fiNiiH,<>,. — Thit  ►tilwtaticH  m.i 
iKviting  dry  and  puie  uri-a  in  a  flai<k  or  rotorl ;  the  un?a  i 
off  AmuiiinU  111  \*rg»  ^luantlty,  and  at  l«ngUi  tmconuis  mmntnai  mk 
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kwUite,  »aliil,  amorphous  mass,  which  is  impure  o.vannrio  acid.     Tliia 

1  hr  th»-  ni'l  iif  hoat  in  tttTong  nil  of  vitriol,  aud  nitric  acid  added 

1  portion*  till  the  liijuid  Ix-conics  nearly  i»>li<rlcs!* ;  it  ia  tlun  mixi-d 

aud  Ic.ft  to  itxd,  whereupon  the  cyanuric  acid  separates.     Tlio 

nay  likewisB  be  deouuipusud  very  conveniently  by  gently  heating  it 

ilie,  while  dry  chlorine  or  hydrochloric  acid  gas  pnsseii  over   it.     A 

ir«  of  cyanuric  acid  and  sal-unimoniao  ruMiilta,  which  is  separattxl  by 

ring  the  latter  in  water.     The  reaction  with   chlorine  ia  represented 

r  cvjaation  : 

300N,U,  +  CI,  =  C.N.H.l),  +  2NH.a  +  HCl  +  N. 

inric  acid  fomia  odorless  cfnorescent  crystals,  seldom  of  large  sixe, 
from  an  oblique  rhombic  prism.  It  is  very  little  soluble  in  cold 
ler,  and  requires  24  parts  for  solution  at  a  Isiiling  heat :  it  rnldens  litmus 
hly,  had  no  odor,  and  but  little  taste..  The  acid  is  tribasic  :  the  crystals 
lUun  C,N,H,Oj.2Aq,  and  are  easily  deprived  of  their  water  of  ciystal- 
rtiun.  In  point  of  stability,  cyanuric  acid  offers  a  most  reuinrkable 
»l  In  its  isoioeride,  cyanic  acid  ;  it  dissolves,  as  aliove  indicutetl,  in 
of  vitriol,  and  even  in  stn>ng  nitric  acid,  without  decomposition, 
ct,  erystalliitfs  from  the  latter  in  the  anhyilrous  state.  Long- 
(joiling  with  tli<»e  powerful  agents  resolves  it  iuto  ammonia  and 
I  Bcid. 

The  connfH'tion  lietwoen  cyanic  aoid,  orea,  and  cyanurio  acid,  may  Im 
i  m-apitulat«d  : 

oniaiu  cyanate  is  oonv«rt«d  by  beat  into  area. 

.  ia  decomposed  by  the  same  means  into  oyanurio  acid  and  ammonia. 

auric  acid  is  changed  by  a  very  high  temperature  into  cyanic  acid, 
DO  molecule  of  cyanurio  acid  aplittiug  into  throe  molecules  of  cyanio 


Cifamic  and  Cyanuric  Ethers. 

I  of  these  ethers  there  are  two  series,  analogous  to  the  alooholio 
maidea  and  isocyanides.     The  dilTerence  of  their   structure  is  exhibited 
>  foUowtng  formuls,  taking  the  methyl-Gompoundii  as  uxampk-a  : 


>— CII,  or  V  i  ;jp,j      O^^CriN— CHj  or  X  i  [.^^" 


NHC- 

Koroal  ajraoate 


Isoexaoatr. 
inding  cyanuric  ethers  are  represented  by  the  formulae, 

-J  iwirmal  cyanic  ethers,  discovered  by  rioei.  and  the  normal  cyanurio 
.hw».  discovered  by  Hofmann,*  are  prmlnced  siuinllAmMOslv  bv  the  action 
r  gawms  cyanogen  chloride  on  the  smlinm  alcohols  :  nonual  elh  vl  cvauat«, 
»  rxauiple,  from  cyanogen  chloride  and  solium  ethylttte;  thus  : 

^Rkr  Uncy«ntc  uml  Unrvnniir'r  fthor«  hivlnr  hirn  rtlMovereil  first  (by  Wurfi 
HHI,  were  nrigtnally  c»llcil  cysnlc  nnrt  eysourle  ethen. 


I  P,  +   NaOCjH,  a>  NaCl  + 


i 
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t'hojr  w*  deMimposed  br  wmter,  ascUted  k/ 
r  cynnuric  xrld  and  an  alooliol :  e.  y. 


into 


■{or,u.  +  "'^"  =  ""<'."»+ c{^, 


OH. 


•-I  are  colorless,  oU>  li'jo! 
I'i  a  «olid  rrstUue. 


I 


Tli<>  ryaiiali-s  i>f  niflliyl,  cthy!    ■!■•• 

iiiipimod  \<y  lii^at  into  a  volalil. 
jHtiidiiig  oyttiiiiriiUw  nn- (•r.\>la|! 

Tli«  isocynnio  ntid  isncy  a  n  u  rio  r  t  hitra,  or  ale  ' 
Diides,  arc  ijrodurrd  Riiuullauiiouiljr  bydiatiUlD^  ■  dry  n.: 
•ium  Uooyaiiatv  and  mxtiiylgulphat);,  etbylsulpkate,  eic.,  r.  a 


N{r   +    ^t}BO.  =  W+K{C^;U> 


+     H,0 


CO,    + 


Urt!i]rl/iiDia« 


llliylio  isiM'y.iiwilo   ntid  isocyniiiirnto  thus  olit.. 

Iiy  dliitillnli tlir  funuiT  U<ilMig  tit   fiOO  ('.  (1^ 

V.(yiX.hOy.).    Thofdi-iiii-r  id  aiiioliil.' If  ■•■•  I    •' 
tielting  at  S5^'  (.".  (IS.IO  V.).     Tin-  i> 
ly  distilling  n  inixlun'  of  imlnssiiini  ' . 
The  I'tlicTit  <if  tliiii  dn.MK,  wlirii  lii-ated  with   a 
alkali,  aruruBulriMl  !ulo  uirlMii  dioxidu  nud  nu  al' 
«.  g. : 

U|(C0) 

Methyl  isucynnate. 

Fnlminlc    Acid,    r,N,n,Oj. — ^Tliid  compound,    ixdymvrlp  vMl 

icyuuiv  and  ryanuric  acids,  in  nnv  nf  the  |iriidtK't«  ri>rm»l  by  tl>«  aisioarf f 

fnitrour  acid  u|ion  aloohul  in  pr>-ei<uu«.<  of  a  salt  of  oilvi-r  or  mmttnuy. 

lAcid  iuxlf,  or  hyilrogrn  fnlniinntc,  has  not  U-on  obtainM.  • 

I      Silver  fiilniiiixtL-  is  |ircj>ativl  by  dlssidrin^  4Uor  5ll  KruihH  of  nilvi^,  wMtk] 

luvcd  not  U'  pure,  in  bIkmiI  }  o«.  by  tut-nsiire  of  nitrii'  arid  of  up.  gt.  UI_ 

llvitli  till- aid  of  n  little  li>-»l.     To  tin- lii^M  i  ^g| 

!  nii'iiMiirrd  nuiu^-ti  of  nbidiol  are  nddnl.  ai> 

^iiiinii'MivK,     Till' nitric  nciil  oxiliti'^  part  u.   ... 

pxalic  ni'i'l,  tHH'oiititij;   ilto-tf  riiliii'iMl  to  nitrous 

■  |ion  tile  aleiileil  III  «iuli  «  manner  nx  to  fnnn  ni' 

kiid  water,  I  iiinlei'iile  of  nitrouft  etiier  and  1  niiib'iule  of  ii 

alniiiK  tiio  elenieiiu  nf  I   luolwiile   of  filllulnlu  arid  and 

Flrator : 

r,n»No,  4-  Hxo,  •  V,H,n,  +  2ir,o. 

Tha  atlriiT  rhtnilna«i<  tlowlr  aKparalca  hnm  tha  >int  IIiinM,  In  llio  fnnn  < 


lu  composition  Uina  determined  is  exprcaiod  by  tlie  formula 

rtinir  arid  ia  hihaain :  when  silvpr  folminat^  is  digested  witli  oaustio 
'i  "f  llip  HilviT  in  |ir<<«'ipitiit«d  as  oxide,  and  a  »ilr<r-fH>l<iMliim 
\ii'-  ^»"j-  •*  prfniuceii,  wliicii  rexi'mblr-"  tliiMifUtriil  silver-B«lt, 

d.  .•  ; -  ..V  a  liliiw.     C'lirrraponilini;  coiniifMniiis  rontaiiiiiip  sodium  or 

!*ri»iuiri  exist ;  but  a  pure  fiiliuiriate  of  an  alkuli'inetul  iias  never  been 
u^.  If  nilrer  fulminate  \te  (ligeKled  witli  waler  anil  mpper,  or  ziuo, 
Brer  i»  entirety  dt«pla<:<>d,  and  a  fulminate  uf  tbe  otber  metal  pru- 
K  Tl»e  zinr-».'ilt  mixed  with  baryla-water  pives  rise  to  a  precipitate 
^k  oxide,  while  rim-^t-lxtrir  JiJmiHate,  ZnUa(C',N,0,)„  reiuailis  in  aolu- 
U Mercuric  I'ulutinnte,  U(;*',N,()j,  is  prepared  by  H  proei-SB  very  tiimilnr 
Bt  by  which  llie  Hilver-saU  is  obtained.  One  part  of  nienurv  is  dis 
^  in  1:!  pans  of  nitrie  aeiil ;  tbe  solution  is  uiixe<l  with  an  e<|ual 
jtv  ..f  1.1.-. .(lol  ;  and  gentle  heat  is  applied,  the  re.ii'lion,  if  too  violent, 
|l>  I  by  a<MiuK  mure  spirit  from  time  to  time.     Miieb  carbonie 

I  lid  red  vapor*  are  disenj;as;ed,  togetber  with  a  lartte  quan- 
[  liitr^iun  ether  and  aldehyde  ;  lliese  are  aometimea  coiidensetl  and 
for  Hab%  but  are  naid  to  contain  hyilrocyanir  aeid,  Tbe  men-uric 
lies  from  tbe  liot  liquid,  and  afti.'r  eoolinj.'  may  be  i>uriBeil 
iie  of  reducwl  metal  by  solution  in  Imiling  water  and  re- 
lliijiu.Mi.  It  mneb  resembles  the  silver-salt  in  appi-aranie,  proper- 
and  degree  of  solubility.  It  expUnles  violently  by  frittion  or  pereus- 
,  but  unlike  the  silver-compound,  merely  burns  with  a  sudden  and 
■t  ntiiseless  daah  when  Icindleit  in  tbe  0]>en  air.  It  is  manufactured 
k  large  scale  for  tbe  purpose  of  charging  jirTCttHsinu-fu/iii ;  »ulj>bur  and 

foiu  cbh>rate,  or  more  freijuenlly  nitre,  are  added,  and  the  powder, 
I  into  tbe  cap,  is  secured  by  a  drop  of  varnish, 
relation  of  eom|M>sition  between  the  three  isomeric  acids  is  shown 
■Mupari^on  of  their  silver-salts  :  tbe  first  acid  is  monobasic,  tbe  second 
juid  llie  tbinl  Iribasic  : — 


f 


Silver  cyanate AgCNO 

Silver  fulminate -^fc'/'jNjO, 

Silver  cysuurat«  ....     AgjCjN,0,. 


'alminic,  as  well  as  cyanic  acid,  may  be  convertiMl  into  nrea.  Pr. 
dstone  has  shown  that,  when  a  solution  of  cop)>er  fulminate  is  mixed 
k  exi«£>  of  ammonia,  filtered,  treated  with  stilpbiirelted  hydnigeu  in 
aaa,  and  again  flllere<l  from  tbe  iusoliible  copper  snlphide.  the  liquid 
aisei]  is  a  mixed  solution  of  urea  and  iiuiuioiiiiiiii  Miiocyaiinte. 
LDOther  view  reganling  the  constitution  of  fulniiuic  acid  was  proposed 
'•-  -l-r-ll.  The  fulminates  may  1m<  uonslderiHl  as  methyl  cyanide  (ace- 
I  which  one  atom  of  hyilrogen  is  replaced  by  NO,  and  2  atoms 
u  ■    :    __■  n  by  mercury  or  silver  : — 


I 


c  n   n  n  TN 

c(no,)AkAkcn 

C(KOJ  Hg"CN 


Methyl  cyanide. 
Silver  fulminate. 
Mercuric  fulminate. 


^i«  Tiew  ban  received  some  snpport  by  the   intereKting  observation, 
ia  br  KekuU.  that  tlie  action  of  chlorine    ui>fin    mercuric   fulminate, 
'  I  to  the  formation  of  ebloropicrin.  r(NO,)n,  (p.  52(i).     "be  cou- 
falminic  acid  with  the  methyl  series  Is  thus  established. 


alnarlo  Aoid,  C,N,H,0,. — This  acid,  isomeric  with  cyanuric  acid, 

overed  simullaneonsly  by   Liebig  and   by  ScblschVofT.     It  is  olv 

the  action  of  a  soluble  chloride  apnn  mercuric  fulminate.     On 
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boiling  mercnrio  fulminate  with  an  aqueoos  solntion  of  potassium  eUa 
the  lui-rt-ury  Halt  gruUuaJly  disbulvcsi,  slid  the  cli-sr  solution,  ait«r  i 
tim<<,  iM't-oiiiirs  turbid,  in  con^n-quviioi-  of  u  ac-paratiuu  of  mercuric  oxidr;  I 
tbru  wntains  ]K>taii!iiuu  fuliuiuurute  : — 

3Hi{f,N,0,  +  8KC1  +   ll,0  =  4KC1  +  2HgCl,  +  HgO  +  2C,?J,HK/ 

Iff  iritttead  of  potiusium  chloride,  Bodiuui  or  ammonium  chluride  bo  en 
|ilo,v>^l,  tliM  eorrrtipouding  so<lium  and  Nmuiouium-«im]K<und!i  are  obUinW 
The  fiilminurates  cryslallizo  with  great  facility:  they  are  not  explcxirs 

Fiiliiiiiiiiric  ncid  hoji  the  same  t»iu|iositiou  as  cyanuriu  acid,  but  iti 
biliasio,  whereas  uyanuric  acid  i:j  triboaic. 

CymnoEsn  Chloride*.— Chlorine  forms  with  cyanogen,  or  its  elenii-nll 
two  (-«>iii|>uuud»,  wliicU   nn^  polymeric,  aii<t  aijalot;oii8  tii  cyanic  ami  cyfl 
uric  aeidti.      (rtiseous  ctfunntjfH  dduride^  Cyt'l,  is  formt^d  by  paHtting  cbliirj 
gait   into  anhydrous   hydrocyanic  acid,  or  by  pastting  chlorine  over 
mercuric  cyaniile  contained   in  a  tulw   Khcttcred   frum  the  light.     It  i 
permanent  and  colorless  gas  at  the   temperature  of  the  air,  of  insupp 
able  pungency,  and  sului>le  to  a  very  considerable  extent  in  water,  alu  ' 
and  ether.     At  — 18°  ('.  (il.4<3  F.)  it  oongeaU  to  a  ma^a  of  oolorl« 
tals,  which  at  — l.'i'-' C.  (5°  F.)  melt  to  a  liquid  wIumh  tmiling 
— 11. IJ^  C.  (Id.:!*^  v.).     At  the  lemjierature  of  the  air  it  is  ecmde 
liquid   form    under  a  pr>iisure  of  four  atuiospheres,  and  when 
served  in  this  state  in  hermetically  scaled  tulKS,  gradually  pana*  \ 
solid  mixlitieation. 

On    passing  gaseons  oyanogun  ohloridu  into  i  solution  of  ammonia  I 
anhydrous   other,    oyauamide,  CX,My   iii   fonued   together   with 
aminoniao. 

So/iJ  ri/iinoijen  Moriih,  CjN,Cl,,  or  CyjCIj,  is  generated  when  auIiyJn 
hydrocyauic  acid  is  put  into  a  vessel  of  chlorine  gas,  and  the  whnlrj 
posed  to  the  sun  :  liydruehlorio  acid  is  fonned  at  the  same  lime,  ll  fon 
long  colorless  neciUcs,  which  exiialu  a  jxiwerful  and  otlensive  odor,  on 
pared  by  some  to  thiit  of  iho  excrement  of  mice  ;  it  melts  at  14tKJ  ('.  (2> 
F.),  and  Hublimes  unchanged  at  a  higher  temperature.  When  healed 
ooutnot  with  water,  it  is  dc<H<m|ioseil  into  cyaniiric  and  hydrochloric  aci^ 
It  dissolves  in  alcohol  ui»l  ether  without  decomposition. 

6jfuriojc/i  UrimuJe  aud  lodiile  corresjxnid  with  the  first  of  the  prcoedll 
oompounils,  and  are  prepari<d  by  dislilliug  bromine  or  ioaliiie  with  i 
curio  uyauido.  They  are  colorless,  volatile,  solid  substances,  of  |Kiiri>rfl 
udor. 

fi/anogea  SiJphide,  C^N,S,  or  Cy,S,  recently  obtained  by  Linnemann  I 
thu  action  of  cyauogen  icnlide  upon  silver  thiocyanate,  cr*Titalli»e8  in  lr»i« 
pnrcut,  volatile,  rliouil>ic  plalus,  having  an  o<lor  aimilar  to  that  of  era 
g.^u   iodide,      ll   melts  at  tJlP  f.  (140O  F  ),  bat  decomposes  rapidly  »t  I 
higher  temperature  ;  dissolvi-s  in  ether,  alcohol,  and  water,  ainl  bcparif 
from  hot  concentrated  solutions,  on  cwding,  in  the  cryHtalliue  form. 

Tblooyanlo  Aoid,  CN'IIS,  also  called  .«?M//>Ancv(n»ic  anV/.— This  acid  i 
the  niilpnur  analogue  of  cyanic  acid,  and,  like  the  latter,  is  luoniitiMi^ 
the  thiooyanattts  of  monad  metali  being  represented  by  the  fonnt^ 
MCNS. 

/4>/rM<iufli  Thiofj/analt,  CNKS. — To  prepare  this  salt,  yellow  polaainl 
ferrocyanide,  deprived  of  its  water  of  crystallization,  is  'intimately  miff 
with  half  its  weiglit  of  suljihur,  and  the  whole  healed  to  tranquil  fuM 
in  an  iron  pot,  and  kept  for  some  time  in  that  condition.  When  coldi  '*" 
uielte<l  mass  is  boilixl  with  water,  which  dissolves  out  a  mixture  of  ficti 
tiiiiu  iiiiocyanate  and  iron  thiocyanate,  IcaTing  little  behind  but  the  ric^'l 


THIOCYANIC    ACID, 


ihor.  This  tololion,  which  becomes  rod  on  exposare  to  tbu  air, 
■  '  in.n,  is  uiixoit  with  iK>t;i3siiim  uarlumate,  by  whioh 
I,  ttJiil  ].K>tii2is)uiu  subslitutttl  ;  ail  t'Xri'^s  uf  XUv  vnr- 
...«,-.  .^  .  ...-  ...I  A6  jKns:iilile,  avoitiwl.  'J'iie  Ultered  liquid  is  conceH- 
liy  «va{Kiration  ovur  au  upen  lire,  U>  a  small  bulk,  auil  left  U>  (■■>ol 
xUlliiK'.  Tliu  crystals  aru  itraintnl,  piinlled  by  rc-itulutiou,  if  iicccs- 
■  liriird  by  ^nclcMiiig  Uirm,  spread  ou  filtur-paper,  uver  a  surface  of 
itriijl  covcr«l  with  a  b«'ll-j»r. 

^(•avliuu   lieiwet-ii   the  suJjihur  and  the  potaiuium  ferroeyauido  is 
itt*d  by  Ih"  wjualioii . — 

k\Fef,.V,  +  S,  =  4KCNS  4-  Fe(CNS),. 

i«>r,  «n«t  even  belter  process,  consists  in  gradunlly  heating  to  low 
iu  a  covered  vessel  a  iiiisture  of  4G  parts  of  <lrieti  jHttassium  ferrt*- 
,  32  of  sulphur,  and  17  ol  pure  potassium  carlioMate.  The  mass 
ihIkA  with  water,  the  aqueous  solution  is  evaporati-d  to  dryness, 
rtwidae  is  exhausted  with  aleohol.  Tlic  alcoholic  liquid  deposits 
I  c/'ystals  on  cooling  or  evaporation. 

>iam  thiooyanate  rrysiallizes  in  long,  slender,  colorless  prisms,  or 
which  are  anhydrous:  it  has  a  bitter  saline  taste,  and  is  destitute 
iaoiioiiH  pro|>r-rtit4  :  it  is  wry  soluble  iu  water  and  akohol,  and  deli- 
sr»  when  ejiiKwed  to  a  moist  atuiitsphere.  When  heated,  it  melts  to  a 
le^-s  liquid,  at  a  temperature  far  below  that  of  ignition. 

ine,  passed  into  a  strong  solution  of  potassium  thiooyanate,  throws 
Ixrge  quantity  of  a  bulky,  deep-yellow,  insoluble  substance,  for- 
tlcd  s  u  Iphocy  anogen  ,  from  its  supposinl  identity  with  the 
of  the  sulpho<.'yauati4  :  it  is,  however,  invariably  found  to  contain 
n,  and  is  represented  by  the  formula  C'jNjIl.Sj.  This  yellow  suli- 
ikow  generally  called  pers  u  1  phocy  anogeu  ,  is  quite  iiisoluble 
Her,  ojcuhol,  and  ether.  When  heated  in  the  dry  state,  it  evolves 
ItUT  Mxd  carbon  bisulphide,  and  leaves  a  pale,  straw-yellow  substance 
A  hydromellone,  L',N,ll,,  the  decomposition  being  represented 
e<^ nation  : — 

3C,N,HS,  =  3CS,  +  S,  +  C,\n,. 

Thiorynmite,  or  Tlilnei/onie  Ae'ut,  HCNS,  is  obtained  by  decom- 
[ImuI  thii>cyanate,  suapende<l  in  water,  with  suipluiretteil  hydrogen. 
ered  solution  is  colorieds,  very  acid,  and  not  poisonous  :  it  i!i  easily 
nposed,  in  a  rery  complex  manner,  by  ebullition,  and  by  ex|>o8ure  to 
Ijr.  By  neutralir.ing  the  liquid  with  ammonia,  and  evaporating  very 
Ij  to  dryness,  timtmmimn  tftinri/nriutf,  NH^CNS,  is  obtained  as  a  deli- 
-  — •  iiline  maxH.  The  salt  may  Ik>  conveniently  prepared  by  digest- 
.mie  acid  with  yellow  ammonium  sulphide  (cimtuining  excess 
: ;,  and  iMiling  off  the  excess  of  the  latter : — 


2HCN    +     (NH,),S    +     S, 


H,S    -f     2(NH.)CNS. 


dates  of  Mv/furn,  btirium,  strontium,  cahiitm,  manqaneae,  and  ferroutt 
«ri>  colorless  and  v<-Ty  soluble;  those  of  Imd  and  uiVrer  are 
fend  insoluble.  A  soluble  thiocyanate  mixed  with  a  ferric  salt  gives 
lipitate,  but  canses  the  liquid  to  assume  a  bloo<l-red  tint  :  hence  the 
I  |>ota»«iuin  thiocyanate  as  a  ti'st  for  iron  in  the  state  of  ferric  salt. 
1  cfilor  produced  by  thioi-yanattw  in  ferric  solutions  is  exactly  like 
BSwl  uuiler  similar  eircunwtances  by  meronic  acid.  The  two  sub- 
\mmi',  however,  Im'  ri'.i/tily  distinguislied  by  the  aihliliim  of  a  solu- 
l  chloride,  which  destroys  the  color  prorbice<i  by  thiocyanates. 
ouAte  may  also  be  distinguished  from  the  thiocyanate  by  ui 
4G* 
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addition  of  corrosive  sablimnt«,  which  blenches  the  tli iocy an Ata,  lint  ku 

little  ellecl  uimii  the  iDM'vuiite.     'I'liis  la  a  point  of  .-.  •       ' ■  '      ■  -jiihad 

iiuportniRv,  Ks  In  unMlico-legHl  iuquirii^,  ln»bich  u\ '  •rii<« 

of  iipiiini  is  sdnglit  for  in  CdUij'ifJt  i>ri;anir  niixlur<~. 
ooniv  acid  is  Uiiunlly  the «bji.>ct  of  the  ihemlAt :  and  sinov  : 
tliiouyuuate  arc  lu  bv  found  in  thx  snliva,  it  becomes  vtit_\ 
niiive  that  i)Ouru«  uf  error  and  iiiuliiguity. 

The  greiit  facility  with  wliii-h  hy<lrix'yanio  sold  tnar  be  convrTtod 
auimoniuni  thim^yanate  enables  ua   to  asvvrtain   its  pnwuncc    1 
l4-8t  just  deseri bed.     The  cyanide  tti  t>e  exiiitiiiie<l  is  mtxt^l  in  a  \- 
Willi  some  hydrochloric  acid  and  ci>vi«reil  with  another  wiilcl>    •' 
•  few  drops  of  yellow  aniujoniiiui  sulphide  ailhere,    On  lie.it 
hydrocyanic  ac^d  is  disenga^ied,  which  coniliiinrs  with  the 
Jiblde,  and  produces  aninioniiini  thiix-yaiialu  :    thit>,  after  ••xpuUion  o<  liw 
«)xoi«s  of  liulphide,  yields  the  red  color  with  solution  of  ferric  cltlortd*. 

Tbtooyanlo    ZStbers. — These  ethers   exhibit    ianmerio    mujillc 

aniilugouK  to  those  of  the  alcoholic  cyanates  and  i  

Inurmal   thiixyanates  of  methyl  anil    its   hoiiii'l 

[Cahours;  and  llofinanu  has  obtained  the  coii<.<j  ■  ..i.^.^    ..- •.  ,  .. 

[The  same  chemist  some  years  ago  obtained  phenyl   i>>olhiovyatial4*.     AU^ 
[thioryanatv  has  Ioiij;  been  known  as  a  natural  priHiuct. 

A'ormal  Elhifl  Thiocyanale,  C  {  i  o •{  ,  ><  obtained  hy  sattrratlng  a 

[oenlrated  solution  of  potossiiuu  tbiocyauate  with  ethyl  chloride  : 

I  also  by  distilling  a  mixture  of  calcium  ethylsulphale  and  i    • 
eyiiiia'le.     It  is  a  mobile,   onloriess,   strnii):ly  refracting    I 

soniewhnt   pungent  odor    like   that   of  mvrcnploil.     It    b.  i 4. 

(•Jl'4.^o  I'.).     With  aminniiia  it  does  not  combine  directly,  but  yiebla  fn- 
duels  of  deiMiui|Hi»ition. 

The  methyl  and  aniyl  thioeyanic  ethers  resemble  the  ethyl  nunpoond, 
J»nd  areobtainwl  bv  similar  prooi'sscs.  The  methvl  ether  boils  at  »U>ol 
^laao  C.  (atiS.tJO  P.j  ;  the  anyrl  ether  at  m<^  C.  (3«tt.C«  K.). 

^•  11      .  •■  r'o'ln'*d  by 

[distilling  diPthyl-tbiocarbanjido  with  phosphoric  oxJtie,  wlu.h   a)>ilr»u 
I  ethylamiue : 


N 


,J(eA).  -   N^ii',      -    ^h\u, 

Dlethyritifocsrba-       Elhylamioe,         Elh)fl-l»olhlo- 
mlrte.  «y«n»t». 

FTIiIs  elh«r  dltrer*  e!..«entlnllr  in  all  iU  proportlrs  fnim  eti 
"  It  iKiilB  at  j:«-  1:.  CZ'H.-i-'  v.),  and   has  a  |»iwerfiill«-  irrn 

that  of  miistard-oiU  ami  ipilte  dllferent  fnmi  Hi 

evanalo.     It  unitn  illre<itlr  with  iiiiimonia  in 

elhyllhi...      •       -      N,(i't<)"(<',lK)llv  »"'  ' 

juethylnii  hylamlne.     Tin*  pun 

nation  «r.. i.in  and  amlnna,  are  cl..:    i 

"jlll"i}'^M,inc^miU,  N(r.S)"(C,H^).  Is  obtolnnl  by  >it«lUlliir  rfi-'.T 
p/iooarbttinide,  »,(C»)"(<»H,)Jl„  with  ph(»pboc(c  oxi>le  ;  M^iMjrf  i- 
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,  K(C8)"(C„H,),  in  like  manner  ttoia  dinaphthylsolphocarbamide. 
[  boiU  al  22tP  C.  (4:isC'  K.)- 

{(CSV 
\  J,      . — This  is  the  jn- 

|<uni;ent  volatile  oil  obtained  hy  distilling  the  Kt<cdg  of  lilack 
rith  water.  It  ilix-s  uol  t-xist  ready-torninl  in  the  seeds,  but  is 
idnoctd  hy  the  deco[np4tiilion  i>f  Uiyruiiie  acid  under  the  inlltienee  of 
rroain.  an  alhuminous  suhbtance  aualuj^nuii  tu  the  xvnnptuiie  of  hitter 
MhuIb.  The  same  oom[>onnd,  or  ]ierha|»i  it!<  i«iiiiieride,  tioriunl  allvl 
DQranat^s  is  |irodu(-ed  liy  the  action  of  poto-ii-iuiu  thiocyunate  or  silver 
Mjruiate  on  allrl  iodide  or  allvl  oxide. 

fU  of  mustard  is  a  1raMS]iareut,  uolorle»s,  stronj^l.v  refrtuliiig  oil,  |ios- 
li»j  in  the  hii.Oii'St  degree  the  sharp  penetriiting  odor  of  black  mustard. 
nnnallest  qunntity  of  the  vapor  exuiten  tears,  and  is  apt  to  pr<Mluu« 
amiuatiuu  of  the  eves.  It  has  a  burning  taste,  and  rapidly  blisters  the 
1.  Its  «p«Tilic  (tra'vity  is  l.(K)!»  at  \:>'^  C.  (,:i'.><J  ¥.).  It  boils  at  148°  C. 
9.40  p.).  It  is  sparingly  soluble  in  water,  easily  soluble  in  alcohol  and 
-  -ulphur  ami  phosphorus  when  hea'j'd,  and  cieposits  them 
'  state  on  (;iK>liug.  It  is  rioleiitly  oxidized  by  nitric  and 
iiiii<'i,,..,;..Li<  avid.  Heated  in  a  sealed  tube  with  iKitosaium  monosul- 
ilr,  it  yield;)  potaoiiam  thiocyauate  and  allyl  sulijhide  (volatileoil 
(mrlic). 

t(C,Hs)NC3    4-     K/J    =    2KCNS    +     (C.Hi),S. 

:i. --.;»„  rields   garlic  oil  when  decomposed   by  |X)tassiuni.     Heated  to 
1-    K.)  in  a  sealed  tube  with  pulverized  s(nla-linie,  it  yields  smlium 
Aii  ,:<' and   allyl   uxide,  the  oxidized  uoustituent  of  garlic  oil  : 

2(C,Hj)NCS  +  N«,0  =  2NaCNS  +  (I  .,Hj)/>. 

h,  soda,  baryta,  and  the  oxides  of  lead,  silver,  and  mercury, 
of  wat'-r,  convert  oil  of  mustard  into  s  i  n  a  po  I  i  u  e  ,  C,H,jNjO, 
ion  of  luctallio  sulphide  and  carbonate  ;   thus  : 

C,H,.)NCS  -f-  3PbO  +  HjO  =  2rbS  +   PWOj  +  r,H|,N,0. 

Kn^Mdine  is   a  basic  sulistanoe,  which  crystallizes  in  colorless  plates, 

■Mr  in  water  and  alcohol,  and  having  a  distinct  alkaline  reaction. 

)il  ormiutard  readily  unit«»  with  ammonia,  forming  thioaiuamine. 


r 


I.NH„   or   allyl-thiocarbamide 


( (rs)" 


which  is  also  a 


feomi>onnd,  forming  colorless  prismatic  crystals,  having  a  bitter  tante, 
■\  4<i1itble  in  water.  The  solution  does  not  niTect  test-paper.  Thiosina- 
ue  niilts  when  heated,  but  cannot  be  sublimed.  Acids  combine  with  it, 
t  do  not  form  erystallizable  salts  ;  the  double  salts  <if  the  bydroohlnride 
th  plalinic  and  mercuric  chlorides  are  the  most  definite, 
rhi'sinamine  is  decomjiosetl  by  metallic  oxides,  as  lead  oxide  or  inerrnrio 
Idf,  with  priKluction  of  a  metallic  sulphide  and  sinaniinc,  CjlI^N,,  a 
sic  conijiound  whiidi  crystallizes  very  slowly  from  a  concentrati'd  a<)Ueoug 
ution,  in  brilliant,  colorle|i«  crystal*  containing  water,  [t  has  a  jxiwer- 
'  '  ■■  r  taste,  is  strongly  alkaline  to  te!<t-p»]ier,  and  decnmixwes  ammo- 
it  the  lioiling  heat.  Its  oxalate  is  crystnlliiablc.  The  formation 
■  fn>m  thiosinamine  by  the  action  of  mercuric  oxide  is  represented 
1  equation,  (\H,N^  +  H«0  =  HgS  +  H,0  +  C,H,N,. 

tolocyanates. — \  series  of  salts  containing  Belenium,  and  corre- 
in  «iimi>«Mlion  and  jiroperties  with  the  thioc3'anate8,  have  been 
land  examined  by  Mr.  Crookes.* 

•  Journ»l  of  the  ChrmlenI  Soelefy,  |v.  1^, 


1 
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AinSO-DISITATITn  or  CTAX1C  An  CTAXTBIC  ACtM. 

Cyanamide,  CN.NH,,  m  formnl  by  the  •ction  of  chloride  or  hromiddO 
CUrAiii>g<*ii  oil  auiiuonia  ditt^ulveil  iu  oUier; 

CNC!  +  NH,  -=  UCl  +  CN.NH,, 

also  by  the  actioo  of  cu-bon  dioxide  on  sodamide,  Nll^a: 

CO,  +  2.S"Hp>a  =  2.N»OU  +  fX.XH,, 

and  by  desulphurixlng  thiocarbamide  with  oxide  of  lead  or  mercurjr: 
CS(M10,  +  0  =  CN.H,  +  H,0  +  S. 

CTaiiatiiide  forms  culorless  orvatals,  ea^sily  soluble  in  water,  alooh 
ether,  uiLiltiug  ul  -U^-  C.  (104^  K.).     'flie  duluLious  give  witb 
silver  uitrutu  a  yellow  precipitate  of  argentovyanniuide,  *.'X,Ag„  ai^ 
cupric  aiilpliate  a  black  preeipitatu  of  euprotyuuamidr,  CX,C"u.     By 
sulphuric,  or  pbusphorio  acid  cyauoniide  is  t-ouvertol  into  carbamiitd 
CU(Xii,)_     In  thtt  and  nioiit  uf  ibi  reacUoua  it  behavoa  aa  if  it  had  I 

structure  of  carbodiimidu,    C^         ;    thus: 

<-  +  B.o.'c"<l;;|l.. 

Hydrogen  sulphide  oonverts  it,  in  like  manner,  into  thiooarbamidl 
tS{.NH,),. 

Alcoholic  derivatives  of  cyaiiamide  are  formed  by  the  action  of  eya 
chloride  on  primary  amiuea  dissolved  in  ether : 


C,Hi.NH,  +  CNCl 
Elhylnalne. 


HCl  +  CN.NH(C,H.) ; 
Elhyloj'iiniiiiiide. 


also  by  heating  the  corresponding  thiocarbaiuides  with  mercuric  oxide  i 
water: 


CS< 


NU(C,H.) 
NH, 


+    HgO  =   HgS  +  n.O  +  CN.NH(CH^. 


Mfthyl-ei/nmimtiie  and  Elh}il-r<ianomidr  are  thirk  nncryntalliiablo  i 
having  a   n<'Utral  reaction,  and  easily  converted  into  jwlyroeric  inodU 
tions. 

Atli/l-fi/anniiiirlr,  CN.NH(r,H5),  prepared  from  allyl-thiocarbaniid*, 
changes    into    the    polymeric  compound,    trially  mclami  uc,    ('•, 
(C.H.),. 

Dici/animiilt,  NH(CN)„  is  farmed  by  the  action  of  polanh  on  I 
potassium  cyanate : 

3(CN.0K)  +  KOa  =  NH(CN)    +  CO.K,  +  K.O. 

Dicynnodiamtde,  C,N4H,  =  C,N,(Nn;)j  (/>ir<ini),  is  formed,  by  I 
nierization  of  cyanamide,  when  the  aqueous  solution  of  the  latter  is  In' 
itself,  or  evaporated  ;  also  when  thiociirlismide  is  boiled  with  mero'l 
oxide  or  silver  oxide.  It  is  easily  soluble  in  water  nnd  in  alcohol.  »■ 
cryBtalliaces  in  rbonibir  pUt.-s,  melting  at  20.10  (•.  (4010  p.).  On  siidi^ 
silver  nitrate  to  its  aqneons  solution,  the  oompoond  C,N,H,Ag4-N0,H  af 
talliaes  out  in  silky  netidles. 
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Cyannramidas. — ^From  cyannrio  scid,  C,N,(OH),,  majr  b«  derired  three 
■miUes,  viz. : 

(DIT), 
.Ml, 

Ammi'Uiltf. 


AmiueUne. 


MelnmlDe. 


c/anin«  or  Cyanuramide,  C,N,H,^N,  <  ;.  '    *',  U  formed  by  poly- 

n^rixntiiiti  of  cyanftniiile  when  thu  InlttT  is  jii'atiil  to  lfi(0  ;  it  i»,  liowever, 
are  •■asily  ]ir>.'|>ari*<i  by  healing  nu'lnin  witli  potaah-lyv,  the  Du'lam  tlien 
;  rc:30lre<l  into  nielaiuiue  sikI  amiiit'line. 

Inniine  cryslalliies  in  shining  rhomliio  ootnhi'ilrnns,  easily  Holuble  in 
bat  insoluble  in  aU<olinl  and  ether.      It  formal  Hell-cryst.illizi-<l  iialts 
ining    1    equivalent  of  acid,  e.g.,   <',N,H„.llt'l.     When    Ixiiled    with 
ids  or  alkaliuii,  it  is  converted  sueeessively,  by  assuniption  of  H,0  and 
Miminatioii  uf  NH„  into  amiueliiie,  auiiuolide,  and  cyanuric  aciil. 

Tritlkjil-  and  trimelh^-melamine  are  formed  by  polynieriiation  of  ethyl- 
'  '  'hyt-eyanamide,  trhen  thu  aqui-nus  snlutioiiH  of  those  liodiis  nru 
•  I.  They  are  crystalline,  strongly  alkaline  IkhHi'S,  whieli  are 
1- J.  by  boiling  with  hydrochloric  aciil,  into  the  corresponding  deriva- 
tive* of  ammelilte,  aiid  ultimately  iiito  isooyauuric  ethers. 

Ammtlint,   CjJfjH,0  =  r,Vjj  ,....  .    ,  is  a  white   jKiwder  insoluble 

la  watt-r,  alcohol,  and  ether,  but  soluble  in  acids  and  alkalies,  and  forming 
Erystalllne  halts,  which  ore  decom|M>sed  iiy  water. 

Ammelilte,  C3N,U,0,  ^  t^i^]  {  vii    '  ,  is  a  white  powder  which  dis- 

lolvra  in  alkalitMi  and  in  eonrenlrnted  acids,  hnt  doeit  not  form  definite 
tails  with  the  latt'T.  Its  aninnmiacal  solution  gives  with  silver  nitrate  a 
irhllx  prvoipilate  having  the  oompusitiou 


foil 


r  Melam,  f.n.N,,,  is  a  hnff-colored,  insoluble,  amorphous  snbsitnnw,  oh- 
I. .  .  1  I  ■■  .1..  .1-  •. Union  of  ammonium  tliiiK-yanateat  a  high  temperature. 
10  largo  quantity  by  intimately  mixing  1  part  of  [mt- 
ir  IhirM-yanate  with  i  parts  of  powdered  t-al-ammoniae, 
ng  llie  mixture  for  some  time  in  a  retort  or  llask  :  carbon  bisul- 
.ononiiim  sulphide,  and  sulphiin'tted  hydrogen,  are  disengaged 
Lui4  v.ilatilix.il,  wliile  a  mixture  of  melam,  jiotassium  chloride,  and  sal- 
lamtiKiuiae  remains  ;  the  two  latter  sulwtane.'S  are  removed  by  washing 
F  '     t  water.       Melam   dissolves   in  conei-ntrated    sulphuric   acid,  and 

■  lilotinn  with  water  and  long  tioiling,  cyanuric  aeid.     The  same 
,.  ,.,,„!, ..-,.,),  with  disengagement  of  ammonia,  when  melam  i* 
Ml  hydrnle.     When  strongly  heated,  melam  is  resolved 
uinonia  r — 

3C,N„H»  =  2r,N„  4-  9.NH, ; 

.si  boiling  with  mo<leralion  sUouu  caustic  poloah,  it  is  to- 
l;uiiiue  and  ommetine  : — 
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Mellone  &ji<I  MeUooldea. — The  name  mctlnnc  vos  ^vcti  !■> 
to  a  Vflluw  insulabli-  siilMUiiiixt  obtaiiuyi  as  a  rp«iilno  in  ihn  ■:■ 
of  |)erlliiocj'«nogmi,  or  nf  luelaio,  at  a  luw  red  lii-iit.     The  • 
tliu  |)riHlurt  Uiuh  ulilaiiiixl  varii-<<  with  tlic  diiratiiiii  'it  lli>-  bratiiig. 
dvodiuixMiticiii  be  stnjipud  at  a  certnin  point,  tin-  pniiluct  iiaa  iXte  coup 


tiou  of  die  v.inu  mmide, 


N.U<V\)"': 


but  tUit,  wbon  further  tie 


still,   s;iv-t-$  off  amiiionin,  nud  iH'i'ouii'a  continually  rl4!hi>r   in  coibja,  I 

jiruavliiu);,  in  did,  vunllniinlly  noiiriT  lo  tliK  iiiiu^nMiitirin  ->r    t  f  i  < 

ramidv,   '-',^'11  =  N,(CjN,),,  wUicti  ia  probably  tlir  u: 

the  d(*coin{Kisition,  though  it  hns   n>-viir  iMHrn  iuHuxIIy 

duct  always  mntHiiiiiij^  n  muttll  quantity  of  lijrdrog«D,  Iikuivut  U<u^  < 

healing  may  lu>  continiitol. 

Mi-lloni>  i»  also  prcKlurvd  by  ignition  of  aDimoniam  tliioryanal«  1 
cury  ttiio<\r«uat«.  When  (Killed  with  uitriu  outd,  it  in  resolrwl  into  1 
and  cynnurle  noid. 

MiillouideH,  C,N„M,  (M  denoting  a  monatomic  p<Mltiv«  ra<liclr)J 
7Vi/«i(((«ic  mpWii/iii/c,  l',N|jKj,  is  pr<Klne<ii  by  ignition  of  i"i!n">«iiim  U>h 
anate,  the  preparmiim  l«i-in(;(;ri>»lly  fiu'ilitnted  by  the  pp  - 
coinjjound,  such  ils  trleliKiride  of  nntimony  or  binmuth.  .  f  1 

up  n  portion  of  the  sulphur  whieli  is  set  fnw  im  carlxui 
be   prepared  by  fusing    ]Kit.-i«8iuin   thiiwyiiimte  wil!i 
ferriK'y.inide  witli   hnlf  its  weiulit  of  sulphur.     Tie    .,. 
by  cither  proneHX  i9  dissolved  in  iMiilinc  water,  from  vrlii 
luellunidu  erystallix'ii   on   cooling   ill  silky  needlen,  ainv 
Mi,0,  insoluble  in   uloohol    and  in  ether.     Aeetic  acid  eonvvrta 
into  e/i/<o/(nm>  mrlloniih:,  r„H|,K,H,    whleli  ia  al.io  soluMn.      If>-illi 
aoid   produces   the   ninmi/AnriiMi'e  Mill,  (.',>',, Kll,.  nliicli  is  insoluble.     Thi 
throe  gaits  staml  to  each  other  in  the  same  relation  a»  the  eecernl  aaltjij 
phosphoric    and    eyannrio   neid«.     Tri|iotjui!iie   luellonidu    pruJue 
solnhlu    silver    salts,    a    while   preeipitate,    C„N|jAj;, ;     with     le* 
an<i  mereury  salts,   ]ireeipil/iles  containing    rirsp.etively  dV'^iaJi^ 
((:,N„J,llg,.     The  latter,  divsolveil  iu  byilrix'yniiiu   .wid  aiul  Irval 
sulpliuretliKl  hydrogen,  yieMs  A'/i/romrZ/o/nV  acid,  I'iNkH,,  which  ul 
only  in  »oluti<m.  has  an  auid  taat«,  and  is  ducompoiiixl  by  evapur»tlou  I 
ammonia  and  mellone. 

Cyamelurlo  Add,   r,N,0,n,. — ^The  potasalum  salt  of  thU 

formed    by  Unling   IriiKilaxaie   inellonide  with   strong  pel 

aeid   itself  iiiny  \h>  si'parate^l    from  the  snliitien  of  the  • 

acid  in  the  form  of  a  rrystalllne  preoiplt;ite,      It  w  a  ittr>..,^   ..,,,.»,.<( 

oonvvrtvd  by  hcattng  with  roinural  acids  into  vyauurio  m«<iil. 
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ALCOHOLS  AND  ETHERS. 

The  tvno  alrobol,  originall,r  limited  to  one  subgtance,  vii.,  spirit  of  wine, 
is  now  Bpplii^ii  to  a  lar|;e  nuuilwr  of  organic  ooinpounds,  many  of  which, 
in  Ihr.it  exti^rnal  cliarnctors,  exhibit  hut  liltlx  rcscmblanve  to  common 
alnihol.  Thev  are  all,  however,  analogoiiBly  coii8tiluti,'d,  having  the  eora- 
jioaition  of  livdnx'arlwns  in  wliicli  mie  nr  more  of  tlie  liydrngeii-atonis  arc 
..,.1  .....(  by  hydroxyl ;  lliey  nuiv  tlierxfore  he  rej;.ir(led  aa  compounds  of 
.  with  univalent  or  multivalent  hydmearlion-railicli'S,  hence  called 
1 -radicles.  Thus  from  propane  Cjll,,  are  derived  the  three 
in:— 


r.H-(()Il) 
Pro|iyl  alcohol. 


r,ii.(OH), 

Propvoe  alcohol. 


C,H,(OH). 
Propeuyl  alcohol. 


.'ire  Aioordingly  classed  aa  mimntomic,  diatomic,  triatomic,  etc.,  or 
ti:t    riioiiatoiiiic    and    jiulyatoiiiic,    according    to    the   numl>er   of 
i,,,i.-...  !     r....t.^  "iiuih  they  ixintain,  or  aucordiny  to  the  equivalent  values 
of  their  !  i-radicleg. 

The  Pi  :,   partial  or  total,  of  the  hydroxyl  in  an  alcohol  by 

«hlorine,    hrotniue,   iodine,  or  fluorine,   gives   rise  to   haloid  ethers; 
tbtts:— 

From  r  n.(nH)  ore  derived  G,n,Cl,  C.H.Br,  etc. 
•'     C-,ll.(01l),        ••  C,II,CI(OH),  r,lI.Cl„  etc. 

••    CjUjCOU),        "  C,HiCl(OU)„  f,ll,tl,(OH).  C,H,CT„  etc. 

T!.  '  'itutions  are  effected  hy  treating  the  aloolinls  with  the  chlo- 
riil.-  -.  and  iodidef  of  hydrogen  or  plnisphorus,  m  in  the  follow- 
ing ,.,....: ,  which  repritsent  the  formation  u(  ethyl  chloride  from  uom- 


liion  aloohol ; — 

r.ll,(On) 

3r,li,(OH) 

3C,U,(0U) 


+    HCI        =    II(OH)        +     C.H^Cl 

+    i'CM,      =    rcoH),      4-    3c,ii/;i 

+     POCI,     =     I'0(()H),     +     Sf.HjCl 


I 


Iniitend  of  the  bromides  and  ioilides  of  pliosphorns,  the  elements  pho 
plii.f.  1  'ominc  or  iodine,  in  the  proportioius  required  to  form  them, 

ar<.  lu  these  processes. 

I  ethers  are  also  formed  in  many  in.ttanoea  hy  direct  snhoti- 
;  int-,  hrtimiiie,  etc.,  fur  hydrogen  in  saturated  hydrocarbons, 
M  the  preceding  pages. 
it  of  the  linloTd  ethers  with  canstia  aqiii'ons  alkalira  gives 
iltution  opix>i<ite  t')  that  exhihit«-d  in  the  alnve  equations, 
••«>uverttug  the  ethers  into  alcobol.s,  cij.: — 

C,H,a    +     KOH    =    Ka    +    C,H,(OH). 

h  e«»n»;der«Me  portion  of  the  alcohol  thus  priwlnced  is,  however,  con- 
ion,  into  the  eorresiHmdingolefiue:  r.^..-  C,H,0 —  H,0 
~nlt  is  obtained  by  heating  the  haloid  ether  with  moist 
rii.'ii   arts  like  a  hydroxide,  AgOH.     A  still  better  methixl 
ii.'  ai'viholie  chloride,  etc.,  into  an  acetate,  by  heating  it  with 
-.       ,   — cr  or   |iol.i.»siiini,  and  IkmI   the  resulting  aoelic  «\.Wt  YiWV 
■*uUc  potaati  or  sods :  thus ;— 
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C,HjCl 


CH  c,n,o, 

£thyl  (cetste. 


KC,H,0,    = 

Polnaaium 
acetate. 


=       r,H,OH       +     K.CjH.O, 
Ethyl  alcohol.  rotaulun 

acetate. 


The  rcpl»cctiit'nt  of  the  Uydroxyl  in  an  aleoliol  by  the  correspoi 
rmlicUfi,  |K>la»si«xyl,  UK,  inetlioxyl.'oCH,,  ethoxyl,  0(",llj,  i-lc.  (|>.  23S),- 
iir  iif  the  liyilro(;rn  in  tim  hyilroxyl  liy  potaaaiuin,  mvlliyl,  t-tliyl,  rtCrf 
gives  rise  tn  oxygen -others;  thus: — 


El'liyl 
alcohol. 


c,Hj(oK) 

PutKMlum 
rthyUte. 


C,H.(OCH,) 
Mrthyl 
ethylate. 


C,H.(OC,HJ 

Ethyl 

ethylate. 


Klhrne 
alcohol. 


C,H,(OH)(i>C,H,) 

Moiiethylic 

etlieoate. 


c,H(or,»j), 

Diet  hylic 
etlieoate. 


These  Buhslitationg  m&y  be  eflerttMl  in  THiions  ways.  The  nioilil 
to  replace  an  atnui  of  liyilroci-n  in  tlie  alcohol  l)y  jiotaiiuiiniD  or  Bodiuii 
act  ou  the  resulting  wmipound  with  a  hnloiii  ether;  tliuii : — 


SCJI.Cmi),     + 
Ethonc 
alcuhul. 

C,H,(()(l)((>Na)     + 
Sailiuni 
clheaate. 


Na,      =     2CjU,(OH)(ONa)     +     D„ 
Sodium 
elbenale. 

r,H,I    =     Nal     4- 
Kthvl  Sodium, 

lotllile.  iodide. 


C,H,(On)(Or,H^ 

Monethyllo 

eihenate. 


In  the  polyatomic  aloohnla,  two  hydroxyl  gTonpii  may  also  Ik-  ropl»« 
by  one  alum  of  oxygen,  giving  rise  to  another  clasM  of  oxygen  ethers  :  till 
from  etheno  alcohol,  (.',H,(()|1),,  is  derivi'J  ethene  oxide,  t',H,0. 

The  replacement  of  the  hydrogen  of  tile  hydroxyl  in  an  aUwhol  by  M 
radicles  (p.  481),  produces  ethereal  salts  or  compound  ether 
thus,  from  methyl  alouhui,  CU,(OU),  are  derived  : — 


Hetbyl  nitrate,  CII,(ONO,),  or 


Methyl  aoeUte,  CH,(OC,Hjf>),  nr 


H  O 


J  " 

Acid  methyl  sulphate,  CH,(OSO,H),  or  II— t' — O— S— O— H 

J  " 

II  O 

H       o       n 

I        "       J  , 

Centra)  methyl  sulphate,  CH,(080,CHJ,  or  H— C— O— S— O— i— 1 

I  h         k 
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n«a  «tfc«rMl  >sltB  may  also  bo  derived  from  tlio  corresponding  acids 
vcolKititutiun  or  al4x>hol-ratliclts  fur  hydrogen,  l>oing  in  fact  related  to 
Baluiholit  in  the  samv  manner  av  luetallic  »altK  to  metallic  hydroxides. 
Inttu  ilistilled  with  aUcalies,  tbey  are  resolved  into  an  acid  and  an  al- 
nliol ;  e.  g. : 


C,Hs(OC,H,0) 
Ethjrl  MCtste. 


+     K(OII)     = 

PutMSBiura 
hyUrojLlUe. 


K(OC,H,0) 

PutAaMiunt 
acctnl«. 


C,IIL(011) 
EHhyl 

AlcullOl. 


Th«  nnmlx-r  of  com|><>iind  etlient  that  can  1h*  formed  by  a  given  acid  and 
Icnhol  depends  UfMin  the  DiimbtT  of  hydriixyl-grou|>M  wliieh  enuh  of  Ihem 
uaumii,  in  ntlier  woriU,  on  tlieir  atomicity  :  thuH,  ethyl  alixihol,  C,llj(>tl, 
aoetic  acid,  C,H,t).OH,  both  of  which  are  mimBloniie,  yield  but  one 
vU.,  ethyl  acetate,  C,ll,i».O.t'jHj ;  but  etheiie  alcohol  or  glycol, 
(OU)„  which  Is  tliatomic,  forms  two  ethers  with  acetic  acid,  vix.  -. 


f' 


<^.°*<[!",H,0         »"'• 


Mono-nee  tate. 


^  s"i<^O.C,lljO 
Dincetitte. 


nd  glyoerin,  C,U|(OH}„  which  is  triatomie,  forms  three  acetic  ethers, 
ia.: 

I  /on  /OH  /O.C,H,0 

'  C,H,^-OH  C,H,^O.C.H,0    C,Hj(^^  0.r,H,0 

\o.c,n,o  xo.c,n,o  XO.C,H,0 

Aeetiu.'  Dliwettn.  Trlncctln. 

•  Ilw  other  hand,  nitric  acid,  NOj.OH,  which  is  monalomic.  forms  bnt 
M  ethylic  ether,  viz.,  ethyl  nitrate,  NO,.0.(',ll^ ;  hut  i'ulphuric  acid, 
ft|pU)„  which  is  diatomic,  furms  two  ethylic  ethers,  vit.  : 


80  ^'^" 

Ethylnulphurlo 
aeitl. 


ipoand  ethers  are  formed: 
«■  9-  ■• 

C.Hj.OH     4-     NO.OH    M 
Elliyl  alcohol.     Nitrous  aeld. 


Diethylis 
•ulpliatp. 

1.  By  the  action  of  the  acids  opon 


H,0    4- 


Nn.o.c,H, 

Ethyl  Dltrlte. 


Tkk action  takes  place  slowly  at  ordinary,  more  qniekly  at  high  tempera- 
l*"*;  but  the  etherifiiation  is  never  complete,  as  the  water  separated  in 
Ikoprooess  always  exerts  a  reverse  action  on  the  ether,  reconverting  part 
<i  11  into  alcohol  and  acid. 
Polybaalc  acids,  acting   apon  alcohols,  produce  for  the  meet  part  acid 


1  By  the  action  of  chlorides  of  acid  radicles  on  alcohols  or  their  sodium 
Htativia : 

■  80.CL    4-      arC.HyOH)      =    2UC1    4-     SO/O.C,Hj), 

■  Sulpnune  Ethyl  alcohol.  Ethyl  sulphate. 


'■  By  the  action  of  haloTd  ethers  on  the  potasslnm  or  silver  salts  of  the 
^|*«n"'nding  acids : 

c.H.n.oAg  4-   c.irj   =   Agi   4-   r,H,o.o.c,H,. 


I 


*otraI  nomponnd  ethers  are  mostly  volatile  ;   the  acid  ethers  are  non- 
'oUUIe,  and  a*  they  still  contain  uureplaced  hydrogen  \)e\ou)(\T\^  \n  «ti« 


( 
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or  more  HO  groups,  they  act  M  ftoida,  exch&nging  this  bjrdrogen  for  mtuli 
or  for  alfjoliol-radic'les, 

All  eompniind  elliors,  but  especialljr  the  ar.iil  others,  are  resolved  into 
tlicir  CKUiponciits,  alcohol  and  acid,  b.v  heating  them  with  water,  or  men 
easily  with  potash  or  soda  in  aqueous  or  alcoholic  solntioo  : 

+     KOH     =     CjHjO.O.K     + 


C,H,O.O.C,Hj 
Elbfl  aceUle. 


CjHjO.O.K 

Po(ne»ium 

KCCtAte. 


c-n,.ou 

Klhyl 
alcohol. 


This  process  is  called  saponification,  a  term  origlnall.v  applii'd  to 
the  formation  uf  soups  by  boiling  neutral  futs  (glvcerin-ethers)  with  cauaUo 
alkali,  but  now  oxteudod  to  all  similar  decompositions. 

ttomrrium  in  the  Comjmund  Ktheri. — The  ethers  of  polybasic  r.rr-    '       M« 
exhibit  isomeric  modifications,  depumling  on  the  structure  of  tl. 
The  most  important  case  of  tliis   kind  of  isomerism  is  presi.:.:.  ;   ...  ilic 
sulphurous  ethers. 

Sulphurous  acid  is  susceptible  of  two  modifications,  vis. : 


II  It      jnn 

HO— S— OH  or  SO<^y 

Symmetrlcikl. 


O 
H_S-OHorSO,<«j, 

O 

nnsfiD  metrical. 


Both  these  modifications  yield  neutral  alcoholic  derivatives  or  snlpbo 
oas  ethers,  but  only  the  unsymmetrical  acid  appears  to  form  acid  etha 
and  these  anid  ethers  are  called  sulphonio  acids,  e.  g.: 


Sj/mmelrical  : 
Unsymmetrical : 


Dunethylic  sulphite,  S0<^^ 


Methysulphonio   acid, 
Methylio     mcthyanlphonate, 


SO. 


Tlie  BUlyihonic  acids  are  formed  by  the  following  general  reactions: — 
1.   By  heating  the  haloid  ethers  "to  12tl-150O  C.  ('.Mt«:i-302O  F.)  with! 
Oonceotrated  solution  of  potassium  or  sodium  sulphite ;  thus  : 


C.HjI    + 


^''.<t^K 


CjH.Br,  + 


2S0,<Sk 


=    SO.,<f;^»    +    KI 

PoUAilum  «thyl* 
■ulptionKte. 

so,<*'^ 

>,n.    +     2KBr 

80.<:oK 

PotaMlum  rthene- 

Bul)>bQOiite. 


2.    By  oxidation  of  the  hydrosulphides  (mercaptans)   and  disulpbidc* 
(also  of  the  thiocyanatcs)  of  the  alcohol  radicles  with  nitric  acid: 


(C,H,)S,    +    O,    -I- 


H,0    =    C,H,.2(SO,.OH). 
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of  formation  shows  that  the  sulphnr-atom  of  asniphoniv  n«id 
Hrectljr  united  to  the  alcohol-radicle  (aud  thi'rcfore  to  an  atom  of  car- 
1),  and  b<:Dc«  it  may  bt'  inferred,  from  the  lirst  reactiou,  that  in  the 
lallic  aalphites  an  atom  of  luetal  ia  also  directly  united  to  the  sulphur. 
The  sulphonic  acids  are  very  MtahU*  compounds,  not  di'winipnsed  hy  Ixiil- 
;  with  caustic  alkaline  solutions.  When  fuse<l  with  potassium  hydroxide, 
wnTer,  they  are  reiiolvud  into  an  alcohol  and  sulphurous  acid: 

»C^j.SO,.0K    +     KOH    —    C,H,.OH    -f-     K.SO,.OK. 
the  action  of  phosphorus  pentaohloridus  they  are  wnverted  into  acid 
Ivrides  or  chloranhydrides,  ivhich,  by  the  action  of  nuAient  hydrogen, 
'  converted  into  mercaptaus  : 

ij.so,.oH   4-    pri,   <s   pcijO   4-    nn    -f    c,h,.so,.ct 

iU,.SO,.a       -f     3U,      =     Htl        +     2H,0  +     C,U,.SU. 

ethers  of  the  sulphonic  acids  are  formed  by  thi<  action  of  acid 
drs  on  the  sodium-alcohols  : 

CA.SO,.Cl    +    Na.OCjH,    =    NaCl  +    CjH5.S0,.0C,nj. 

■  are  identical  witli  the  neutral  ethers  of  nnsymmetrical  sulphurous 
r,  and  may  accordingly  be  also  produced  by  the  aotioD  of  silver  sulphito 
> alcoholic  iodides: 


ftu< 


Ag.80,.0Ag    +    SCjIIJ    =    2AgI    +     C,H,.80,.0.C,H,. 


ilogotu  to  the  sulphonic  at^ids  are  the  sulphinic  acids,  or  acidi 

H  I 

hgn  of  hyposulphurous  acid,  S0<^.  ,,  ,  the   zinc   salts  of    which    are' 

mwd  by  the  action  of  sulphur  dioxide  on  the  zinc  compounds  of  the 
Mhol-radicles  ;  r.  o : 

|^.„.  ,„....._.. 

Ktorwlth  sulphuric  acid,  the  free  sulphinic  acids  are  obtained  as  strongly 
cid  Ui^nids  which  decompose  when  heated,  e.  </ : 


Zn<^|||    +     2S0.    =    SO<^j,„!!^>SO. 


BO 


<Si^' 


Br  phosphorous  ethers  likewise  exhibit  isomeric  modifications, 
Iwable  from  synmielrical  and  unsymmctrical  phosphorous  acid  l'(OU), 
111  Ul>l)((iH)j.  The  neutral  ethers  of  symmetricul  phosphorous  acid  are 
■flUfd  hv  the  action  of  phosphorous  trichloride  on  the  alcuhnls.  The 
Uljlic  ether  PfO.CjHj),,  is  a  liquid  Ixiiling  at  UllO  C.  (275.80  p.). 
Cnsyuunutrical  phosphorous  acid  yields  acid  ethers  called  p  h  us  p  h  on  i  o 

i»<4t,«.y.,  (C,Hi)PO<^}|  .which  are  formed  by  the  action  of  nitric 

■tea  the  primary  phosphinea  : 


CHj.PII,    -f     0,     =     CH,.PO(OH), 
Priranry  tnetnyl  Melhylphosphonlo 

plioaplilue.  acid. 


crystalline  bo<Iit-8   resembling   speruiaceti,  dissolve   in   water, 
^«  t  strong  aoid  reaction,  aud  act  as  bibasio  acids,  forming  acid  and 
ImIU. 


jWnlMlu, 
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Hyfioj>husj>lioruas  acid,  U,.PO.OU,  yirliU  unalogouii  >cid  ctiirn,  <aU«l 
phuspli  iu  iu  auids  ,  which  are  formed  by  the  actiou  of  iijcric  tiidi 
tUu  Be<X)udarjr  phogpliiuea ;  e.  y: 

(CH,),PU     +     O,    =     (CIl^jPO.OH. 

Arseniona  suid,  AiiU,0,,  forma  : 

(a)   .sywHirti-icu/  itha-t,  like  As(U.CH,),,  which  are  produced  by  the  I 
of  &r»uuious    bromide,  AsBrj,  on   the  sodium  aloohola  ;  Iher  are  Tulati 
without  duoompoiiitiou,  aiid  ara  resolved  bjr  water  into  arseuiomi  acid  i 
aloohoU. 

(0)  i'nfymmetriail ethm,  caWei  araouio  aoida,  aoatogons  to  the ( 
phoiiia  aciiU,  e.g.,  met  hy  larsouiu  acid,  CH,.A8U(OU), ;  and  UiiU4 
there  is  a  dimothy lurBiuio  auid  (Cii,)^8U.UU  (caoodylio  a<:ii|^ 
aimlogouii  to  the  photiphiuiu  aoidii  (»eu  AuiiKMc  iikita.) 

Tlio   nitrous   ethera,  aa   already   olwerved,  are   iaomcrio  with 
uitriiparalfius  (p.  &£)). 

The  acliou  of  haloid  ethers,  or  of  certain  ethereal  salts,  on  the  I 
sulphidea  aud  sulphides  of  the    alkali-metals,  ){iveti    rise  lu   alcubull 
hydrosu  I  phides  aii<l  sulphides,  that  is  lu  £ay,  alvohohi  aud  ell 
coutaiuiog  sulphur  iu  plu«)  of  oxygeu  ;  thus  : — 

C.H,ri    4-     KSU    =    KCl    +    C.HjSH 
Elliyl  Elhyl 

chluriile.  hydrotulptiide. 

SCjH^OSOjK      -f      KSK      =      2K0S0,K      +      C,HjSC,H, 
Potnsuluin  ciliyl       Potatiiium  Potitsilum  Ethyl  •ulpoide 

•ul|>li«lc.  •ulptilde.  (uliibatc. 

Tho  aleoholio  hyrlrosulphides,  or  thio-aluohols,  are  also  culli'd  luf 
captAns,  from  their  property  of  readily  vombiuing  with  meri'iiry  (n 
poru  mrrcuriii  it/itii).  Their  reacUoua  aru  oloaely  analogous  lo  ihusvof  f 
oxygou-alvohula. 


MON\TOXIir  ALCOHOLS  AND  ETHERS. 
1.  Containing  the  Radlolaa,  C„H,„4.,,  homologous  with  Methyli 

The  nlwhols  of  this  aeries  arc  the  best  known  and  most  important  of  I 
this  class  of  iMjilies.     They  may  be  formi><l  from  llie  ix>rreS|Hmdin):  Imloi 
ethers  by  the  action  of  alkalies,  aud  several  of  them  are  prixluceil  liv  l" 
fermeutation  of  sugar.     There    are   also   synthetical    procesnea    by  «" 
these  alcohols  may  be  built  up  in  regular  order,  from  the  lowest  npwa 
but  these  will  be  butter  umleratond  further  on. 

The   names  aud  formuUe  of  the  knuwu  aloobola  of  this  sories  are  I 
lullows  : — 

Methyl  alcohol CII.O 

Ethyl  alcohol C,H,0 

Propyl  aleohid C,H,0 

Butyl  alcohol C,\ijn 

Pentyl  or  Amyl  alcohol C,FI|.0 

Hexyl  alcohol" <',IImO 

Ueplyl  nlcoluil ^^t'I^^ 

Octyl  alcohol (",U„<> 

Nonyl  aloohot ('»"»" 

Hexdecyl  or  Cetyl  alcohol t'u'lv'J 

Ceryl  alcohol  .  ' C-Hj,*) 

Mcliaayl  alcohol (^liaO 
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Th«  fonnuU  of  methyl  aluohol  is  that  of  methane  or  marsh-gas  having 
»«  atom  of  hydrogen  replac<Hl  by  hydroxyl ;  and  the  rest  may  be  deriveit 
'mu  it  by  r«(>lai'eait!nl  of  one  or  more  of  the  other  hydrogi*n-Btoma  by 
brthyt  and  it;i  humologues.  If  we  replace  only  one  atom  of  hydrogen  ia 
^  manner  we  obtain  the  scries  : — 


Ethyl 

alcuhoL 

cu. 


Propyl 
iiloonol. 


I  CU,  (  C.H, 

11         ell 

(  oil  (  OH 


»m  it  is  i-lrar  that,  so  long  as  the  type  of  an  alcohol  is  preserved— 
b,  of  a  hydrocarbon  having  at  least  one  hydrogen-atom  replaced  by 
fdroxyl — the  first  two  alcohols  of  this  series  do  not  admit  of  any  other 
ode  of  formulation  :  in  other  words,  they  are  not  susceptible  of  isoruerio 
CdiSeationa.  But  the  higher  members  of  the  series  admit  of  isoineriu 
ediications  analogous  to  those  of  the  haloid  ethers  already  menliinied 
>.  49$),  and  distinguished  by  similar  names,  an  alcohol  Ix-ing  designated 
1  primary,  secondary,  or  tertiary,  according  as  the  larbtm- 
Ma  which  ia  in  combination  with  hydroxyl,  is  likewise  directly  united 
I  one,  two,  or  three  other  earbon-atoms.  Moreover,  the  four-earbon-aluohol 
id  all  above  it  in  the  series,  admit  of  further  modiflcations,  according  to 
18  structure  of  the  radicles  (normal  or  I'm)  containeil  Lo  them — ull  th<«e 
odiScations,  like  those  of  the  haloid  ethers,  depending  upon  the  struo- 
ue  of  the  paraiBus  from  which  the  alcohols  are  derived  ;  thus — 

From : 

BaUae. 

CH, 


Normal  Primary  Botyl  Aleoliol. 
CIljOU 


Secondary  Butyl  Alcohol. 

r 

( CjH.OH  CH,  { C,H4 

•rederiTedl    "        orH,C?  and!  or  HO.HC^ 

CH,  (cu,  CHOH  (CH, 


CH, 


CH, 


^^M*.  Tsoprtniary  Butyl  Aleohol.       Tertiary  Butyl  Ateobol. 

^CU,  H,C    CH,  ^CH,  H,C    CH,  ^  CH, 

CH  ara  derived       CH    or  HO  -<  CH,    and       COH   or  HOJ 


CH, 


CHjOH 


{ 


ClIjOH 


I 
CH, 


3.C  i  CH, 
I  CH, 


Thr<  primary  alcohols  are  formed  by  substitution  of  OH  for  H  in  a 
Bfthfl-proup  CH,  ;  the  secondary  and  tertiary  alroliols  by  similar  snbstU 
latlon  In  a  methane  group  CH,,  and  a  methenyl-};rmip  respectively. 

A  very  tmnvenient  nomenclature  for  these  isomeric  alcohols  hns  been 
pKipsMl  by  Kollie.  Methyl  aloohol,  CHj(OH),  is  calUyl  oarbinol  ;  and 
H>"  aleohols  formed  from  it  by  Bneoeasive  substitution  of  methyl,  ethyl, 
'*'.,  for  an  atiim  of  byilrogen,  are  uamad  aooording  to  the  radicles  which 
ftcy  dontain  ;•  thus — 

•  fMllBf  iiio<1ine«  thin  nomencUture  hy  restriptlnit  the  term  esrhlnol  to  the 
••"Ur;  uli-oholi,  <lealen<iiin|c  the  seonniUry  nlcnholi  na  pa  r  ii  d  n- it  I  c  o  hoi  ■ 
tpitudoti,  aad  employing  the  term  alcohol  especially  to  de•lKIV^t.e  VtkB 

47* 
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CarWn<il,  or  M.thy!  alcohol C(<)H)H, 

Methyl  carbinol,  or  Ethyl  alwUol  .         .         .  .  C(<lH)lI,On, 

Kthyl  carbinol,  or  Propyl  alcohol    ....  C(<ill)ll/ ,11, 

Uimelhyl  carbinol,  or  Pseudopmpyl  ftleoUol    .         .  C(OU)U(t'110« 

Propylcarliinol,  or  Butyl  ahohol    ....  C(0H)1I,((',11,) 

Uupropyl  carbincrl,  or  liolmtyl  alcohol   .  .  .  r(L>U)H,l'll(Cnj 

Mithyl^thyl  i-arbiuol,  or  Seoondary  Butyl  alouLol  C(0H)I1CII,C,U,  ] 

Triiufthyl  oarbiuul,  or  Tertiary  Butyl  alcohol  .  C(OIl)(CUJr 

Primary,  secondary,  and  t<-rtiary  alcohols  arc  diatin^uished  Umax 
another  by  the  pruduotii  which  they  yield  by  oxidation.  I'riuiarv  alcoli«l 
of  the  series  t'.U^+^O,  containing  the  group  CH,OH,  are  converted 
oxidation  with  chromic  acid,  first  into  the  ix>rre<iponding  aldehyil 
C,H„0  by  removal  of  U,,  or  conversion  of  the  group  l'll,(.>ll  intot^dU, 
then  by  further  oxidation  into  thu  corresponding  acids  C.U,,0,  (fi 
■vids)  ;  thus  : — 

I'll,— til,— t'IKOH     +     O    s=     H,0    -f     ril  — CH,— (OH 
Noroial  propyl  alcohol.  Propyl  >iJdehy<S«. 

CU,— <-H^— <H,OH    +    0,   =    2U,0  -I-    CH,— f-H.— l(X»H 
NonuHl  propyl  aleohoL  Pruprionio  Mid. 

A  leenndary  alcohol,  on  the  other  hand,  which  contains  two 
radicles  united  by  the  nmup  CHdH,  is  converted,  by  removal  of  11,  fn 
this  Ki°*>up<  >i>^  a  ketone,  which  is  a  compound  i\>nsisting  of  two  alci  ~ 
radicles  joined  by  the  group  CO ;  thus  : — 

0    =     U,0    +     Cllj— CO— CH, 

DlDifthyl  ketone. 

Conversely,  the  aldehydes  treated  with  nascent  hydrocen  (action  of  I 
dinm  amalgam)  are  inverted  into  priuiary  alcohols,  and  the  krtonoi 
similar  treatment  into  se(«ndary  aloohuls. 

Tertiary  alcohols  do  not  yielil  by  oxidation  either  aldi'liydes,  kelonn.i 
acids  containing  the  same  number  of  carboii-atonui  as  the  iilcoh<ils  the 
selves,  but  are  split  up  into  compounds  containing  a  smalbr  numhei 
carbon-atoms ;  tertiary  butyl  alcohol,  for  example,  into  formic  and 
prionio  acid : — 

(CH,),.COH     4-     0«    =    CH,0,    +     f,a,0,    +     U,0. 


CHj— CUOH— CH.     -<- 
SeooDdary  propyl  alcohol. 


MKTim,  AU'onoL  A!n>  rrHEBS. 

Methyl  Alcohol,  Hy drozymethane,  Carbinol,  Ml 
thol,  CII.O  or  011,(011). — This  is  the  siuijileat  memU-r  of  Uie  scries. 
is  produced : — 

nleohola,  pro|ier  or  primary  alcohols,  which   may    also  be   oalleil  met  bolt) 
thus— 


Primary 


Propyl  Alcohol 
or  Ethyl-Mrthol. 

ICH. 


Dimethyl  PieudoL 
SeeoDdary HOCHJ^}^ 


Tertiary 


Trlmelliyl  Onrblncl, 

UH, 
.    HO.OJCH, 

(OH, 


Isobutyl  Alcohol 
or  lioiironyl-Mctbol- 
(i'H.OU 
HIVTH, 
I  OH, 
Etbrl-Mwthyl 
Psrudol. 

no  HC }  *-!?« 


^\^ 


Efhyl-T)l  methyl 

Carbinol. 

(«',H» 

HOC- OH, 

iCH, 
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^f4  rroui  nuinh-gas,  by  sabjeoUng  tbat  oomponnd  U>  the  action  of  chk>- 
Har  in  tunsliine,  whtrruby  cliloroiuulhaou,  or  luvlbyl  obloride,  CUfCI,  ia 
FwutlacwcL,  ami  ilUtiUiiij;  with  p<ilii:jh. 
-■    "  .••■11  oil,  wliii'li  ecnsiat  chiefly  of  acid  motliyl  ealicylati', 

-tillntiou  will)  |HitiiKh,  wheroby  potaasiuiu  Halicylatu  ia 
». ^.^i  — ix  -.<  >.■,.  •  alcuhul  Jiiitila  over  : — 

CjH^Oj.U.CU,    +    KOn    rs    CtUjOj.UK    +     CH,(On). 

JUt  reaction,  which  cousists  in  the  interchange  of  methyl  and  potassium, 
I  Tery  pure  methyl  alcohol. 

,  crude  wood-vinegar,  the  watery  liquid  obtained  by  the  deatruc- 
■IjUalion  of  wood:  it  was  in  this  li(iiiid  that  metliyl  alcohol  was 
rercl  by  I*.  Taylor,  in  1S1"J:  hence  it  is  often  culled  ifnoJ-sjiiril, 
l-viuegar  probably  coutains  about  ^{^  ]iart  of  methyl  alcohol, 
acd  frout  the  great  bulk  of  the  liquid  by  diiililliii);  it.  and 
the  tirat  {lortion-i  which  pa«s  over.  The  acid  suhitiou  thus 
.  ...  iitrali^ed  with  slaked  lime,  and  the  clear  liquiil,  8<'|im'iilcd 
>  the  oil  which  lloats  on  the  surface,  and  from  the  sediiiieiit  :it  the  lH>t- 
n  ia  a^aiu  di.stilled.  A  volatile  liquid  is  thus  obtainml,  which  burns 
k»  weftk  spirit ;  this  uiay  be  streugtbeucl  by  rectification,  and  uUiuiiilcly 
indered  pun  and  anhydrous  by  careful  disldlatiou  from  quicklime  at  Ihu 
sat  of  a  water-bath. 

Pure  methyl  alcohol  ia  a  thin,  oolorluss  liquid,  very  similar  in  smell  and 
ihyl  alcohol:  crude  woiMl-spirit,  on  the  other  hand,  which  c<ui- 
'  impurities,  has  an  olTeiisive  o<ior  and  a  nauseous,  burning  t.iste. 
ohol  boils  at  UiJ.GO  c.  (151. KO  V.),  and  has  a  density  of  0.7'Jb  at 
(6S^  F.).  Vapor-density  (referred  to  hydrogen)  =  IG.  Methyl 
I  wheD  pure  mixes  in  all  projHirtious  with  water:  it  dissolves  resins 
atile  oils  as  freely  as  ethyl  alcohol,  and  is  often  sulntituleil  for  ethyl 
various  processes  in  the  arts.  It  may  be  burnt  instead  of  urdi- 
iu  lamps:  the  llame  is  pale-colored,  like  that  of  ethyl  alcohol, 
eponils  no  soot.  Methyl  alcohol  dissolves  cailstic  baryta:  the  solu- 
rpusits,  by  evaporation  in  a  vacuum,  acicular  crystals,  containing 
Jli,0.  It  dissolves  calcium  chloride  in  lar^e  ijuautity,  and  gives  rise 
rystalline  compound  containing  CaC'l,.2('ll/). 
Hdauium  and  rnJimn  dissolve  in  it,  with  evolution  cf  hydrogen  yielding 
lium  and  sodium  methylates,  C1I,UK,  and  Ull,UNa. 

resiiialuM,  as  by  exposure  to  the  air  in  contact  with  platinum  black,r, 
anverted  into  formic  acid,  C11,0„  which  is  derived  from  it  by  substi- 
I  of  1  atom  of  oxygen  for  2  atoms  of  hydrogen  : 


BRk  o 


CH.O    -f-     0,    = 


-1-   cn,o,. 


9  reaeci< 
|^ar«  ( 
■Nitn 


M«thyl   Chloride,  or   Chloromethane,  CH,n,  is   formed  -when  a 
lizture  of  equal  volumes  of  uictliane  (mursh-gas)  and  chlorine  is  exposed 
>  reflected  sunlight.      It  is   more  easily  prepared,  however,  by  heating  a 
I  of  'i  parts  of  common  salt,  1  part  of  wo<jd-spirlt,  and  3  parts  of 
Btrilad  sulphuric  acid.     It  is  a  gaseous   body,  which  may  be   conve- 

ooUeoteil  over  water,  as  it  is  but  slightly  soluble  in  that  liquid.     It 

I  colorless;   has  a   peculiar  o<ior   and   sweetish   taste,  and   burns,  when 
iadlcd,  with  a  pale  llame,  greenish  towards  the  edges,  like  most  combus- 
'""  I  chlorine- »mpoiiiids.      Its  density,  referreil  to  hyilrogen  as  unity,  ia 
1;  it  IS   not  liqueQfd  at — ISO  C.  (0.4°  F.).     The  gas  is  decom]K>ged 
knsmis-iiim  through  a  red-hot  tube,  with  slight  deposition  of  cirlMtu, 
I  hydrochloric  acid  gas  and  a  hydrocarlon  which  bus  been  but  little 
lined,     Uy  the  action  of  ohiurine  in  sunshine  it  is  successively  cou- 
iato  wtetlume  cUoridt,  or  dicliloromelhane,  C11,C1„  a  liquid  boiling  at 
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30.50  C.  (S6.90  F.)  ;  metlieiii/l  chloride,  triddonmethane,  or  cUorofonn,  I 
Alld  carbon  lelradduride,  CC'lj. 

Methyl  Iodide,  or  lodomethane,  CHjI,  U  a  colorI<«a  aiid  fet-bl; 
biislililo  liquid,  ubliiined  by  liistiUiug  Uigolhfr  1  part  of  phi>8|jbnri 
ioiliiii',  ami  VI  or  Vj  of  uut-tliyl-akiihol.  It  is  insoluble  in  wale 
density  of  2.237,  and  boils  at  44*^  C.  (111.2^  F.).  The  donsity 
vapor,  reft'rrwl  to  hyilrogt-n  as  unity,  is  71.  When  digesteil  iuscaled 
with  line,  it  yields  a  colorless  gaseous  mixture  containing  ethane,  or 
thvl,  C,II,,  aud  tbo  residue  contains'zinc  iodide,  together  with  ziuo  mi 
Zn(CH,),: 

ZCHjI     +     Zn     =     Znl,      +     C.H, 
I  2CU,I     +     Zn,     =    Znl,     +     Zn(CH,),. 

Methyl  Ether,   Methyl  Oxide,  or  Methoxyl -methane,  C,I 

(C'II,)|,0=(.' {  ..i*,..  .—This   ojuijKiund,  whiuh  bears   the  same  relatij 

methyl  alcohol  that  anhydrous  potassiam  oxide  bean  to  potasiiiin 
droxiile,  is  produvinl  by  abstritt-tion  of  the  elements  of  water  from 
aleohol :  2CU,0  —  11,(J  =  C,ll,0. 

It  may  be  prepiired  by  ut'Uting  1  part  of  methyl-alcohol  and  4  pu 
Looni)entrat<'<l  sulphuric  acid,  and  pa.stu.'S  over  as  a  colorleAS  gas,  whioH 
\  be  ooUocted  over  mercury.     It  does  not  liquefy  at  — \(P  C.  (3.20  F. 
I  liaa  an  ethereal  odour,  and  burns  with  a  pale  and  feubly-lumiunus 
'  Its  apecifio  gravity  is   l.til7  referred  to  air,  or  23  referred  to  hydros 
unity.    Cold  water  dissolves  alwut  33  timt!S  its  volume  of  this  gas,  ■ 
ing  thereby  its  charaoteristio  tonte  and  o<lor:  on  boiling  the  sulutit 
gaa  is  again  liberateii.     Alcohol,  wood-spirit,  aud  uouoeutraled  aulj 
•old  dissolve  it  in  still  larger  quantity. 

Methyl  Nitrate,  CH,.NO„  or  CUj.O.NO,.  This  ether  is  obtain* 
distilling  60  grains*  of  pounded  nitre  with  SU  grams  of  methyl  alooho 
lUU  grama  of  sulphuric  acid,  iu  a  retort  without  externa]  healing, 
colorless  liquid  of  sp.  gr.  1.182  at2()^C.  {6%^  K.)  ;  boils  at  6OOC.  (140<» 
has  a  faiut  ethereaj  odor.  Its  vapor  detonates  violently  when  heal) 
150O  c.  (30JJ  F.).  Healed  with  aJcoholic  lunimmia,  it  yields  methyld 
nitrate,  ClljN.NO,U,    Distilled  with  aqueous  /w/iuA,  it  yields  methyl4 

Methyl  Nitrite,  Cn,.O.NO,  isomeric  with  nitromethane,  Cn,.NC 

I  024;,  is  produced  hy  the  action  of  nitrous  acid  on  methyl  alcohol. 

gaa  having  a  pleasant  odor,  and  condensing  at  very  low  temporaturM 

yellowish  liquid  which  boib  at  —IJP  C.  (10.4°  F.). 

Methyl  Snlphates. — Sulphuric  acid,  Wing  •  bibasio  acid,  yieU 

roelbyl  ethers — (iiiu  acid,  tliu  other  neutral. 

Acid  Mtlhijl  suljihalc,  Altlhyl  and  Hydrogtn  tud/Jiatu,  i/etki/lndfAvrtc 

or  5u//>Aom«(Ayi>  a<ri</,  CHj.H.SO,,  or  SO, <^j.,   '. — To   prc]>ar«   thil 

I  ether,  1  part  of  methyl  alcohol  is  slowly  mixed  with  two  parts  1 
eentratiHl  sulphuric  acid,  aud  the  whole  is  heate<l  to  boiling,  ai 
to  oo<^>l,  after  which  it  is  diluted  with  water,  and  nentraliii-<l  with  I 
carltonate.  The  solution  is  filtered  from  the  insoluble  sulphat4«,  and 
,  rated,  first  in  a  water-bath,  and  afterwanlg  in  a  vacuum  to  the  f 
.  degree  of  couc<-ntration.  The  salt  crystallizes  in  lieautiful,  squaro, 
less  tables,  containing  (C11,),I1«(S(),),.2H,(1,  which  offlornsce  in  d 
and  ara  very  sulublu  iu  water.     Uy  exactly  precipitating  the 
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■ahiUui««  with  diluto  Bulpburio  kcid,  mnd  leaving  the  filtered  liquid 

jMirttte  in  tlir  air,  im;lliyl»iilj>liurie  aviil  iiiAv  1m  provurud  in  tin*  form 

kutir,  »/ruji.v  Uciuid,  or   in   iiiiiiulo  at-icular  iT.VHtjila,  very  sulublu  iu 

wliol.      It  is  very  iniilat>le,  iM'iiig  t<iiail,v  dcoomjxisfd   hy  lieiit. 

Ii^hul/Jiiile,  ^'U,K^^>^,  cr.vstulli^e^   in  aiiiall,  uueretma,  dc-li- 

ubiv  tables.     The  iind  mill  in  uUu  very  auluhle. 

f  MnUifl  MiJjJujU,  or  l/imtllii/lic  uil/Juilc  (t'll^,SO„  or  80,(OCU,),. — 

T  ia  (irejMred  by  dislillmg  1  part  of  methyl  alcohol  with  8  or  10 

!  jtroug  Kulphuriu  acid:  the  dislillatiou  may  be  earried  nearly  to 

The  oleagirKius  litjiiid  found   in    the   reveivur  i»  agitated  with 

r,  ami  puriliu<l  by  reutLtieatiou  from  powdered  anhydrous  baryta.    The 

ct  16  a  eolurleiis,  oily  liquid,  of  alliuueouu  o<lor,  having  a  density  of 

and  boiling  at  !»>>-'  C.  (370.4°  F.).      It  it  neutral  to  test-paper,  and 

>ble    iu   water,  but  decomposed    by   that   liijuid,  slowly  iu   the  eolrl, 

and  with  violeiicei  at  a  boiling  temperatnie,  into  melhyUulphuriu 

d  and  methyl  alcohol.     Auhydrous  lime  and  baryta  have  no  action 

^ll  ittUer  :  their  hydrates,  however,  and  those  of  potassium  and  soilium, 

■KM)  it  iustaotly,  with  production  of  a  methylsulphate  of  the  base, 

Ihyl  alcohol.     When  neutral  methylsulphate  is  heated  with  common 

it  yields  sodium  sulphate  and  methyl  chloride;  with  mercuric  cya- 

v,  ur  jicitaisium  cyanide,  it  gives  a  sulphate  of  the  base  and  methyl 

Is ;  with  dry  sodium  formate,  it  yielda  sodium  sulphate  and  methyl 

I  8alphlt«  (symmetrical),  80(0.Cnj)„  formwl  by  the  action  of 
^ctilorhte,  ^,l.'U,  on  methyl  alctihol,  as  a  frngnint  liquid  having 
» gravity  of  1.W3,  and  boiling  at  lliltJ  C.  CHit.bO  K.). 

MMttylanlpbonio  Acid,  <^H,.SO]H,  is  prepared  by  heating  methyl 

'  li  a  concentrut>><l  solution  of  potassium  or  sodium  sulphite,  c<m- 

iie  rnsiilting  methylsulphouate  into  a  lead-salt,  decoiajsising  tlie 

r        111  liydrogen  sulphide,  and  evajiorating  the  tillered  solution.     The 

II,.  1.    .■■iiiains  as  a  viscid    uncrystalli/alilo   liquid,  soluble  in  water. 

laalLs  itre  cjuiiy  soluble  in  water,  and  crystalliiie  well  ;  the  barium  salt, 

(Cll,.:i(>j),.Ba,  in  rhombic  plates, 

nie  Chlnride,  Cn,.SO,.CI,  boils  at  153='  C.  (307.40  F.),  and  is 
by  water  into  hydrochloric  and  mcthylsulphonic  acids. 

lortmu-ifi^tuliJionif  Chloride.  CClj.SO,.a,  is  formed  by  the  action  of 
bliirine  on  curlmn  bisulphide.  To  prepare  it,  a  mixture  of  fiOO 
of  hydrm-hloric  acid,  'MM  granet  of  coarsely  pounded  potassium  di- 
ati«,  2<»0  grams  of  nitric  acid,  and  30  grams  of  carlwn  bisuljdiide  is 
to  itself  in  an  o(M-n  flask  for  about  a  week,  water  is  athled,  and  the 
cryntals  of  the  i-omp<mud,  Ct'l,SO,,  are  separated  from  the  saline  solution 
by  filtration. 

Th-  chloride  or  rhtoranhydridc  thus  formed  is  a  oolorless  crystalline 
kedy.  whirl,  melt*  at  13.10  C.  (2750  F.),  ami  Iwils  at  170^  C  (33HO  K.). 
It  has  a  camphorous  tear-uxciling  odor,  dissolves  in  alcohol  and  other,  but 
ii  Insoluble  iu  water. 

rnVA/oro,iu-Mv/.«//./io»i>  Arid,  rHj.SOjH,  is  obtnine<l  liy  boiling  the  olilo- 

ri.1..    iiist   ■ioaciibo.l   with    barvt^vwaler,   and  decomposing    the   resulting 

lit  with  Bulphario  acid.     It  crystallizc-a  in  deliquescent  prisms  ; 

un  salt.  (rCI,.St},),BA-f  II,0,  iu  lamina;. 

TUi5  tiichlofinateiJ  acid  heated  in  a<jueous  solution  with  sodium-amal- 

tant  is  converted   »ucix>sBively  into  the  acids,  CUCI,.SO,U,  CHjL'l.aOjIl, 

Mi  Bnally   into   met  hy  Isu  1  phon  ic   acid,  CII,. 80,11.     This  series  of 

f>«otlon»,  discovered  by  K"ltM>  in  1&45,  afforded  one  of  the  earliest  instances 

of  u...  fi.riiwitii.n  of  an  orifitniv  voropound  from  inorganic  iaali3Tia\«. 


toto  iii«tlivIptiospl»onic  chloiid.',  (CHj)PO.a,,  which  mt-lta 
(m.tiO  v.),  \x)\U  at  1630  C.  (325.40  p.),  aiid  is  rooouverlod  ii 
by  llip  ai'tiou  of  water. 

Dimetliylphosphinio  acid,  (CH,),PO.OH,  ii  a  nuM 
paraffin,  mvUiug  at  7tP  C.  (108.80  p.)^  and  vulatilixing  witbua 
t)ilii>ii. 

Uii  Mrihiil-nrsonic  and  Melhyl-arnnic  Aadt,  see  Aksesic  Bjlbec 

Methyl  Silicate,  Si(OCI{,)„  is  obtained  by  acting  apon  pei 
and  dry  methyl  alixiiiol  with  silicium  tetrachloride,  and  distilli' 
duct.  It  iii  a  colorless  lii{Uid,  nf  plcu-jant,  ethereal  odor,  apMi 
1.0r.»9  at  (P,  distilling  betwoen  121°  and  12tiO  C.  (349.6)0  and 
It  dissolvoa  with  moderate  facility  in  water,  and  the  Holution  d 
come  turtiid,  fri)in  separation  of  silica,  fur  Kome  weeks.  It 
v»pfir-<icn«ity  is  5.38  referred  to  air,  or  77.0  referred  to  hydrogi 
oulated  number  being  7ti. 

Methyl  Hydrosnlphlde,  CH^H,  also  calle<l  Methyl  Mei 
This  wmiMiunJ,  which  has  the  oonipositiun  nf  meiliyl  aloubc 
oxygen  replaced  by  sulphur,  is  formed  by  distilling  in  a  water- 
efficient  I'ondensalioD,  a  mixture  of  calcium  muthylaulphataaii<l 
hydroiiulpliide : 

Ca(CU,),(SO.),  4-  2KSU  =  K^O,  +  CaSO,  +  aCH^ 

It  is  a  liquid  lighter  than  water,  and  having  an  extremely  offe 
It  forms  with  lea<l-aoetate  a  yellow  precipitate,  and  with  murou 
while  uompuujid,  (ClI^,S,Ug,  wliicb  oryslallizuB  from  alo 
lauiime. 


.lv(4|a 


Methyl  Snlpblde,  (CII,),8,  or  H,r— S— CH„  is  obtained 

gasi-iiiis  nietliyl  ihloride  into  a  solntion  of  |>ota.ssinm  monosi 
methyl  alcohol.  It  is  a  uulnrless,  mobile,  fetid  lii|iiid,  of  sjhh:! 
0.S45  at  21-^  C.  (6i>.8a  V.\  boiling  at  410C.  (105.BO  F.l.     it  for 
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^yl  Telloride,  or  TeUuro-methyl,  (CHj,),Te,  obtained  by  diatil- 

siuiu  u-lluiiilt!  witti  jwlajisium  iiirth.vUiilpliat*!,  is  an  oily  fc-tid 
senibliJig  cllirl  ttfUuride,  wbicli  will  ba  difSoriU«d  hereafter.    The 
nding  gclcaiuiu-cunipound  bju  also  bucn  obtained. 


irrUTL  AtfCOUOL  axd  etderb. 


I    Alcohol,    Bydroxyl-ethane,    or    Methyl    Carbonol, 
iH,0    =    C,H,(OH)    =1  =  C  ' 

1  oompoand,  the  oldest  and  best  known  of  the  whole  group 
,  »ud  gvnerally  designated  by  the  simple  name  "aluohul,"  is 

etbene,  C,Hj,  by  additiou  of  the  elements  of  water.     When 
ami  atrung  Hulphuru:  acid  are  \'iolenlly  ugitateil  together  for  a 
the  gas  is  absorbud,  and  etliylsulphuric  acid,  C,H,SO,,  is  pro- 
UkI  this  compound,  distilled  with  water,  yields  sulphuric  acid 
^l  alcohol : — 

CjU^O,    +     n,0    =    IIjSO,    +    C,H,0. 

e  hare  seen  that  ethene  can  be  formiKl  by  addition  of  hydrogen  to 
r,  C,U,,  which  is  itself  formed  by  direct  combination  of  carbon  and 
I.  It  follows,  therefore,  that  alcohol  can  be  produced  synthetically 
•lemenls. 

ethyl    chloride,  bromide  or  iodide  by  the  reactions 
ifini-.!  (p.  .115). 

tfce  fermcutiiticin  of  certain  kinds  of  sngar.  When  a  mode- 
arm  siplntiuu  of  cano-sngar  or  grape-sugar  (glucose)  is  mixed  with 
Ibuminons  matt<'rs,  as  lilooil,  white  of  egg,  tlour-pnste,  and  espe- 
•r-yast,  in  a  staleof  depnmpositiun,  a  peculiar  process,  called/rr- 
,  is  set  np,  by  which  the  sugar  is  najolved  into  ethyl  alcohol  and 
oxide.  In  the  C4ise  of  glucose,  ('«H„0„  these  products  result  from 
•plilting  up  of  the  molecule: — 

C,II„0,    =     2C0,    +     2C,H,0. 

*T,  r,,Hj,0,,,  is  first  converted  info  glneoHe  hy  assumption  of  water, 

I  4-  li,0 "=  'i(',II,,0,),  and  the  latter  is  tlu-n  ci<'iiiiii[Miaed  as  above.* 

aary  cane-sugar  be  dissolved  in  a  large  cjuaiility  of  water,  a  due 

I  of  active  yact  added,  and  the  whole  maintained  at  a  tempera- 

i-->i!Ov.  (7i>0-S(lOF.),  the  change  will  go  on  with  griiat  rapidity. 

li-iengaged  is   nearly  pure  carbon  dioxide:  it  is  easily  collected 

iine<l,  aa  the  fermentation,  once  i«mmenw>d,  pruci-eds  perfectly 

vessel,  such  as  a  large  bottle  or  Hask  flttwl  with  a  cork  and 

Bg  tnlie.     When  the  effervescence  is  at  an  end,  and  the  liquid 

it  will  yield  aUwhol  by  distillation. 

t  with  this  prtnelpnl  dernmposltlon,  s  vsrletjr  of  other  chsn^et  sre 

r  nceompUthed.     Acportllnjf  to  Pusteur,  glycerin,  succinic  ncld,  pcl- 

,  J  o«eaatoii«lly  Uetic  icUl,  «re  observed  tmoncf  the  prod  jotn  of  mlco- 

Kttoo.    Some  of  the  homologuec  of  ethyl  slcohoi  Rre  alio  fouod 

■yrodueta. 
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The  apirit  first  obtained  hj  dutilllng  a  fermented  saccViarini!  liqi 
very  weak,  boing  diluted  with  a  large  quantity  of  water.  By  a 
distillation,  in  which  the  first  portions  of  the  dietilled  liqoid  are  ool 
apart,  it  may  lie  greatly  strengthened :  the  whole  of  tJie  water 
however,  be  thus  removed.  The  strongest  rectified  spirit  of  wine  of 
nieree  haji  a  density  of  about  0.835,  and  yet  contains  13  or  14  p<!r  o« 
w.-iter.  Pure  or  abiolute  alcohol  may  be  obtained  from  it  by  redistilUl 
with  half  its  weight  of  fresh  quicklime.  The  lime  is  riolucnt  tu( 
{lowder,  and  put  into  a  retort ;  the  aliohol  is  added,  and  the  wholn  | 
l>y  ngitnliou.  The  neck  of  the  retort  is  securely  stopped  with  a  corl 
the  mixture  left  for  several  days.  The  alcohol  is  distilled  off  by  tbi 
of  a  water-bath. 

Pure  alcohol  is  a  colorless,  limpid  liquid,  of  pungent  and  agreeable 
and  odor;  it*  specific  gravity,  at  15. 5^  C.  (tin'-'  K.),  is  0.7938,  and  tH 
iU  vapor,  refernni  to  air,  l.(il3.  It  is  very  inHauimable,  burning  w 
pale  bluish-tlame,  free  from  smoke  ;  it  has  never  been  froien,  Al 
Ixiils  at  IHA'^C.  (1730  K.)  when  in  the  anhydrous  state  ;  in  a  dilut«4 
the  boiling  point  is  higher,  being  progressively  raised  by  each  addili 
water.  In  the  act  of  dilution  a  contraction  of  volume  occurs,  an 
temperature  of  the  mixture  rises  m.iny  degn-cs  :  this  lakes  place  DOl 
Willi  pure  alcohol,  but  als(>  with  rectiUe<l  spirit.  Alc'diol  is  miscibM 
water  in  all  pro|K>rtious,  and,  imieed,  has  a  great  attraction  for  the] 
•baorbing  its  vajior  from  the  air,  and  alistracting  the  moisture  from 
branes  aud  other  similar  substances  immersed  in  it.  The  solvent  f 
of  alcohol  are  very  extensive  ;  it  dissolves  a  great  numlior  of  salim 
pounds,  and  likewise  a  cunsidernble  proportion  of  potash.  Will 
salts  it  forms  definite  crystalline  compounds,  called  alcoholateai 
tine  cliloride,  ZnClj.2C,U,0  ;  with  calcium  chlnriile,  CaCl,.4<",U,U ;  will 
nesium  nitrate,  Mg(N'l>,;,.t)(',H,().  Ahohol  dissolves,  moreover,  mal 
ganic  substances,  as  the  vegelii-nlk.ilies,  resins,  es.sential  oils,  and  ▼■ 
other  bodies  :  hence  its  great  use  in  chemical  investigations  and  in  ' 
of  the  arts. 

Ihtastimn  and  sotliioH  dissolve  in  ethyl  alcohol  in  the  same  mannef 
methyl  alcohol,  forming  the  compounds  C,HjKO  and  (^^HjNaO. 

Alcohol,  passed  through  a  red-hot  tube,  is  resolved  into  marsh-ga 
drogen,  and  carbon  monoxide. 

C,H,0    =    CH,     +     H,    +     CO. 

Small  quantities  of  ethene,  benzene,  and  naphthaline  are,  however, 
at  the  .same  time  by  the  mutual  action  of  these  primary  produetl 
carbon  is  dei>usited. 

By  oiidaiion,  alcohol  is  converted  first  into  aldehyde,  C,H,0,  thai 
Bootio  aaid,  C,H40, : 


C.H.O  -)-  0  =  H,0  -f  C,H,0, 
Cjll.O  4-  *^>  =  CjH.O,. 


and 

Chlorine  gnu  is  rapidly  absorbed  by  anhydrous  alcohol,  torning  it  yi 
and  causing  wnsiderable  rise  of  temperature.  At  the  same  time  it  rt 
abstracts  hydrogen,  which  is  partly  replaced  by  the  chlorine,  prod 
hydriMiblorio  acid,  aldehyde,  ac<'tic  acid,  ethyl  acetate,  ethyl  ehlorld4 
chloral.  The  mixture  of  these  substances,  freed  by  water  from  the  M 
oonstituenta,  was  fonnerly  callwl  hMiy  mvriatie  ether.  The  formation 
several  products  ia  represented  by  the  following  equations  : — 

C,H,0        +  CI,         =        2nci        4-        C.H.O, 

Alcohol.  Alilehyil*, 


Alcohol. 


JhloraL 


ETHYL    ALCOHOL. 


M5 


c,n,f>     +       Hci     = 

Alcohol. 


AloohoL 


Aoctlc  acid. 


11,0 

4HCI 

U,0 


Ethyf  chloride. 

+       r,H.o, , 

Aoutlo  ncwi. 


+ 


(■,I1,.C,11,0,- 
Kthjfl  McetAlc. 


ni*ti  the  action  of  thif  chlorine  U  continued  for  ■  long  time,  phi  oral 
!li«  principal  proiliu't.  Tliia  coniiM^und  i»  a  heavy  oily  liquid, 
.■<jiii|HMitii>ii  of  alili'livJt' » ilh  3  atoms  of  liydrogi-ii  rfplncwl  by 
lull  it  cannot  ha  fornu-d  liy  the  direct  action  of  cblorino  upon 
When  aleuhoi  containing  water  in  used,  aoarctfly  any  chloral 
I,  the  chief  proiluct  l)eing  aldeliyde. 
UoriHr,  in  prraenee  of  alkatiei,  oonvurlH  alcohol  into  chloroform,  CIICI,, 
rliQn  dioxide  : — 

CU.o  +  5ti,  +  11,0  =  CO,  +  THCi  +  rncij. 

h«  saniA  prodaold  are  formed  by  distilling  dilute  alixihul  with  blea^^h- 
puirJer. 

qii  '     Iml  heated  with  strong  W/i/iuri'coCTif  is  (y>nvprt<<d  into  ethyl- 

ili  <  jll^l.l, ;  bat  wlien  nuliydmuii   alixihol  in  expost-d  lo  tlie 

III  ...  ,...i....iric  oxide,  SO,,  a  while  crystalline  nulMtance  i«  formed, 
■fd  elhioMic  oxide,  formerly  milftluite  of  carf'y/,  (',ll,t*,0,.  This, 
diiuolred  in  water  or  in  iU|Uenua  alcohol,  iH  converted  into  ethionio 
C^UgSjO,.  a  bibasicacid,  which  forms  a  soluble  buriiini  salt.  Luatly, 
ilion  of  ethionio  acid,  when  boiled,  is  riwdviil  into  sulphuric  acid 
elhiouic   auid,  an  acid  i.somerio  with  ethyl-Bulphuriu  avid. 


aid/  Spirit,  H'ine,  Beer,  eir.  Vinous  Frrmmlaiion. — ^The  strength 
ercial  «pirit,  when  fr«<t  from  sugar  and  other  substiincefi  added 
bnently  lo  distillation,  is  inferreil  from  its  density  ;  n  table  exhibit- 
projiortions  of  real  alc<ihol  and  water  in  spiriLs  of  different  deiisi- 
itll  b<<  ftinnd  at  the  end  of  the  volume.  The  excise />rno/'  sjiirit  has  a 
gravity  of  O.aiyS  at  UtP  K.,  and  contains  41'^  per  cent,  by  weight 
al>x>hol. 
I  high  <luty  on  spirits  of  wine  in  this  country  has  hitherto  interfered 
I  the  development  of  many  branches  of  industry,  which  are  dependent 
Itu*  free  use  of  this  im|K>rtant  liquid.  The  laliors  of  the  scientific  chem- 
■re  lieen  likewise  often  checke<l  by  Ibis  inconvenience.  A  remedy  f<»r 
Hril  has  l»eu  supplied  by  a  very  imp'irtant  measure,  proposi-d  and 
Kd  out  by  the  late  Mr.  John  Woo<l,  Chairman  of  the  Hoard  of  Inland 
fetiue.  This  measuri-  consists  in  issuing,  fi>r  mnniifnclurliig  and  scien- 
•  puriwBeit,  duty  free,  a  mixture  of  i'O  per  cent,  of  spirits  of  wine  of 
"Djrth  not  li««  than  ctirres]>onds  with  a  density  of  0.(>l!0,  and  IC  per 
L  of  partially  purified  wwxi-spirit,  which  is  now  sold  by  licensed  dealers 
bp  the  name  of  Milhglulnl  S/iiril.  It  appeors  that  a  uilxtiire  of  this 
Btt  rend<ire<l  pemi.inently  unfit  for  human  (^>nsuinpti<iii,  Die  sepnra- 
Fof  the  two  sulistanci-s,  in  consequence  of  their  close  analogy,  being 
only  dilHcult,  but  to  all  appearance  imjxwsi We :  at  the  same  time, 
Um  the  BAine  reasons,  this  mixture  is  not  materially  impaired  for  the 
Ufr  numlu-r  of  the  more  valuable  purposes  in  the  arts  for  which  spirits 
Klually  employed.  Methylate<l  spirit  may  be  nse<l,  instead  of  pure 
rtt,  a»  a  solvent  of  raiinoiis  sulwtances,  and  of  many  chemical  prepara- 
!»,  Mpecially  of  the  alkaloids  and  other  organic  prodncts.     It  may  be 

tkr  the  production  of  fulminating  mercury,  ether,  chloroform,  iodo- 
i 
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form,  olefiant  gas,  uiH  all  iu  derivatiTM — in  fact,  for  an  en<Utaa  numWc 
of  Uborator.v  purposi-s.     Mt^tlivlaliil  sjiiril   iiiav   nlso    I 
pure  Hpirit  of  wine  iu  tlie  prtservation  uf  auatomic&l   \- 

introduction  of  this  spirit  has  already  ext-rteil  a  tit^  bi:ii>. 

the  development  of  organic  cbemiatr/  in  England.* 

H'iiw,  iierr,  rlc,  owe  their  intoxicating  properties   to  the  almbol  tll< 
contain,  the  qiiantit/  of  which  t-ariea  very  uiuch.     Port  and  aherrr,  i 
some  other  strung  wines,  ountaiu  from  19  to  2.5  per  cent,  of  alotiol,  «h( 
in  the  lighter  winra  of  Franco  and  Germany  it  sometimes  W. 
12  per  cent.     Strong  ale  ix>nLainii  about  10  per  cent.;  ordinal 
brandy,  gin,  whiskey,  4(1  to  00  percent.,  or  oceasiouully  mure,    i  n- 
owe    their    characteristic  flavors  to  eeruiu  essential  oils  and  oomp 
ethers,  present  in  very  small  quantity,  either  generated  in  the  act  tt  1 
mentation  or  purposely  adde<l. 

In  making  wine,  the  expre^sod  juice  of  the  grape  is  simply  tet  aaidt 
large  vata,  where  it  undergoes  spontaneously  the  nec<4gary  ciiunge.  1 
vegetable  albumin  of  the  juice  al>sorle  oxygen  from  the  air,  ruiu  into  i 
composition,  and  in  that  state  becomes  a  fenueut  to  the  <ugar,  whivh 
gradually  converted  into  alcohol.  If  the  sugar  be  in  exci-ss,  and  I 
azntiziHl  matter  deUcient,  the  r<«ulting  wine  reuxains  sweet ;  but  if,  on  I 
other  hand,  the  ]iro]H)rtion  of  sugnr  Ijc  small  and  that  of  albumin  larg«| 
drf  wine  is  pro<luced.  When  the  fermentation  stops,  and  Uie  liquor  I 
comes  clear,  it  is  drawn  off  from  the  lees,  and  tranafemtd  U>  caaks,  to  rip 
and  improve. 

The  cvlor  of  red  wine  is  derived  from  the  skins  of  the  grapei,  witidll 
such  cases  are  left  in  the  fermenting  liquid.     KlTervegcent  winee,  as  (iit 
pagne,  are  hottlisl  before  the  fermentation  is  complete  ;    the  i . 
is  disengaged  under  pn-ssure,  and  retaineil  in  solution  in  th 
Certain  quantity  uf  Hugur  is  frequently  added.     The  process  requn 
deiicatci  management. 

During  the  fermentation  of  the  grape-juice,  or  miur,  a  crystalline,  sta 
matter,  called  arrjol,  is  dejMjsited.     This  cousists  chiefly  of  acid  (lOtaMia 
t<arlrule  with  a  little  coloring  matter,  and  is  the  sourite  of  all  the  tan 
a<tid  met  with  in  commerce.     The  salt   iu  question  exists   in   the  jaim  j 
considerable  quantity  ;  it  is  but  sparingly  soluble  iu  water,  but  still 
so  in  dilute  alcohol :    lirnce,  ax  the  fermentation  proceeds,  and  the  qnii 
tity  of  spirit   increase*,  it  is  slowly  deposited.     The  acid   of  the  jniu 
thus  removed   as  the  sugar  disap|H-ars.     It   is   this   circuiustaure  wltl| 
renders  grajM^-juice  alone  III  for  making  gooil  wine  ;  when  that  of  | 
lH*rrie«  or  currants  is  empluyed  as  a  sulistilute,  the  malic  and  citric  i 
which  these  fruits  ctuitain  cannot  be  thus  withdrawn.     There  is  then  I 
other  nnource  but  to  add  sugar  in  sufficient  qn.-uitily  to  mask  and  i 
the  natural  aci<iity  of  the  liquor.     Bnch  wines  are  necessarily  i 
prone   to  a  second   fernieutation,  and,  to  many  p<>rgon8  at  Ic-ast, 
wholesome. 

firrr  is  a  well-known  liqnor,  of  great  antiquity,  preparcnl  from  gerniiii»l'<l 
grain,  generally  barlej',  and  is  used  in  countries  where  the  vine  dor»  i 
ilourish.     The  operation  of  ma/fini7  is  performeil   by  steeping  Ihebarh'yl 
water  until  the  grains  liecome  swollen  and  soft,  then  piling  it  in  a  hetpl 
eoucli,  to  favor  the  rise  of  temperature  causKl  by  the  absorption  of  oxjn 
from  the  air,  and  afterwards  spreading  it  u|>on  a  flo<jr,  and  turning  it  ovi 
from  time  to  time  to  prevent  une<|Ual   heating.     When   germination 
proceeded  far  enough,  the  vitality  of  the  seed  is  destroyed  by  kiln-ilryis 

•  See  Report  on  the  Supply  of  Splrlti  of  Wine,  free  from  duty,  for  uci«  l«  Ik* 
ArlN  And  MnniirnrturrH,  sdtireioted   to  Die  (*hnirninn  of  InUnU   Ilrvruur  by  Pro- 


femora  GrAhmu,  Hnfmnun,  and 
elcty,  vol.  rill,  p  IW.i 


Redwood.    (Quarterly  Journal  of  Chrralol  ?<«' 
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this  proeem,  a  peonliar  nitrogpnons  snl^tnnoo  callod  diastatf  ia 
A,  w)ii<-)i  acts  as  a  fnnuent  on  tlu'  Htarcli  of  the  grain,  conrerting 
B  of  it  into  isiigur  and  rendering  it  solulilc. 

wing,  the  crushed  uinlt  i«  infiiHed  in  watHr  at  almut  77^  C.  (170° 
tbn  tuixturt-  18  left  U)  stand  for  two  hours  or  nii>r«.     The  easily 
Una  thus  an  opiKirlunity  of  acting   upon    the  unaltered 
and  changing  it  into  dextrin  and   nugnr.     Tlie  clear 
It  ^trained  from  the  exhauiited  malt,  ia  next  pumped  up  into 
boilt'T,  an<l  Ijoilefl  with  the  requisite  quantity  of  hops,  to  commu- 
[>l»a»Mnt  hitter  flavor,  and  wufer  on  the  heer  the  projierty  of  keep- 
out  injury.     The  dower»  of  the   hop  contain  a  hitter,  reaiuoua 
,  calh-«i  lu/mlin,  and  an  esaentini  oil. 

wiprt  has  heen  sutficiently  boiled,  it  is  drawn  from  the  copper, 

I  rapidly  as  poHiiitilu,  to  near  the  ordinary  tempiT.iture  of  the 

to  avoid   an   irregular  acid   fermentation,  to  which   it  would 

liahle.      it    is   then    transferred    to  the  fermenting   vcfselB, 

■gu  hrewerien  are  of  great  capacity,  and  mixed  with  a  quantity 

the    product  of  a  jiroeeding  operation,  hy  which    the  change  is 

Induccal.     This  is  the  most  critical  part  of  the  whole  oiierutton, 

which  the  akill   and  judgment  of  the  brewer  are  most  called 

The  procesa  in  in  Home  measure  under  control  by  attention  to 

ature  of  the  liquid  ;   and  the  extent  to  which  the  change  has 

d  ia  easily  known   hy  the  diminished  density,  or  ullrnuiitiim  of 

The  fermentation  ia  never  suU'ered  to  run  its  full  course,  but  is 

i|)e<l  at  a  particular  point,  by  separating  the  yeast,  and  drawing 

.-T  into  caiiks.     A  slow  and  aluuist  insensible   fermentation  suc- 

ich  in  time  renders  the  beer  stronger  and  less  sweet  than  when 

charges  it  with  carbonic  acid. 

colored  beer  is  made  by  adding  to  the  malt  a  small  quantity  of 
dried  or  charred   malt,  the  sugar  of  which   has   been  changed  to 
Jorter  and  stout  are  bo  prepared. 

St  <if  b*>er  is  a  very  remarkable  gul«tance.     To  the  naked  eye  it 
Ish-ydlow   soft  solid,  nearly  insoluble  in  water,  and  dries  up  to 
iwnish  mass,  which  readily  putrefies  when  moistened,  and  b«- 
eusive.      I'nder    the    microscope    it    exhibits    a    kind    of    organ- 
'arance,   being  made   up  of  little  transparent   glubuU-s,   which 
cohere  in  clusters  or  strings,  like  some  of  the  lowest  members 
ytable  kingdom.     Whatever  may  be  the  real  nature  of  the  sub- 
dnnbt  can  exist  that  it  is  formed  from  the  soluble  azotized  pur- 
i'  'luring  the  fermentative  process.     No  yeust  is  ever  pro- 

li.  ri-e  from  ftzotized  matter  ;  that  a<lded  for  the  purpose  of 

c  ,.. I,,.  Illation  in  pure  sugar  ia  destroyed,  and  rendered  inert 
!•  When  yeast  is  deprive<l,  by  straining  and  strong  jinwsure,  of 
k  water  as  {MMsihle,  it  may  bo  kejit  in  a  i-ool  |dace,  with  unaltered 
fees  for  a  long  time  ;  otherwise  it  ipiickly  sfHiils. 
Msliller,  who  prepares  spirits  from  grain,  makes  his  wort,  or  <rath, 
ta  the  same  manner  as  the  brewer  ;  he  uses,  however,  with  the 
large  quantity  of  raw  grain,  the  starch  of  which  suffers  wmversion 
kar  by  the  diastase  of  the  malt,  which  is  suflicient  for  his  purpose. 
I  nf>t  Iwul  his  infusion  with  ho|>s,  but  pr(H*ee<is  at  once  to  the  fer- 
lon,  which  he  pushes  as  f.ir  as  jKWsible  by  large  and  repealed  dosi!S 
Alcohol  is  mannfaotiired  in  many  cases  from  potatoes.  The 
are  umuiid  to  pulp,  mixed  with  hot  water  and  a  little  malt,  to 
iKtnxi-,  made  to  fcnueiii,  and  then  the  llui<l  ]»irtion  is  distilled. 
,to-<pirit  is  (xnitamiuated  by  a  very  offensive  volatile  oil,  again  to 
ioned :  the  crude  product  from  corn  contains  a  substance  of  a 
iud.     The  business  of  the  rectifier  consists  in  reiuov'vn^  ut  uukW- 


I 


I 
I 


5C8 


FATTY    OaOUP:   ALCOUOLS   AND    STUEKS. 


fying  tliitsp  %-ol«lile  oiU,  ftnd  in  rcptaolng  tlimn  b/  otbvra  of  a  mon  tgnt- 
ablu  cliarttc'ler. 

In  ninkiiig  hronl,  Die  vinnas  fermi'titation  plays  on  imtMtftant  farl.  llw 
ypost  adili-d  Ui  Out  <liiugh  ctouwrts   tlio  small   porlioii  >ir  m 
nnttirully  walaiiig  into  aluohol  ami  otirliumu  add.    Tin-  j^ax  lli ' 
Utrnm  lliu  tough  ami  adlieHirt'  niaturiaU  into bul>bk-8,  n liuli  arc  at 
«xpanil<Kl  bv  tlie  licat  o[  tli«  oven,  wliiuh  at  tlie>  snmv  time  iliastf 
alixiliol  :  hi'nct*  the  light  and  s|Hingy  tvxturr  of  all  gixKl   br><a<i. 
of  I'ui-Kii  in  of  gri>at  antiquity:  tliia  ix  merely  (tiiuv'b  in  a  xtat*."  of  torifi 
pulrofiiction.     When   mix«l  irith   a  lar>!i.«  i|u'"'ii v  .,i   fr.-l, 
ciUui  iu  the  latter  the  alcoholic  fernii-ntntiou,  i 
but  l<!!«g  perfectly:  it  is  apt  to  couiuiunicate  :i 
<>ilnr.    Someliuies  rarbunateof  ammonium  is  eiu|il<>_vi'<l  !■>  Iigli' 
beinft  completely  yolatiliieii  by  the  hij-'h  temperature  of  tin-  > 
U   nii\r  sometimes   made  by  mixiUK  a  little  hydroehloric  aint  ami  ;jii.tU 
oarbiiiwite  in   the  dou);h  ;  if  proper   proportion!!   be  taken  ami   the  «l 
thoroughly  mixed,  the  operation  >t|i|>earii  to  Iw  verv 

Another  moile  of  bread-making;  in  that  invented  I 
which  eour<idt»  in  agitating  the  douKh  in  a  strong  ^ 
ratvd  under  prexHure  with  lUirlioiiie  acid  gut.     When  thedou^tli  th( 

is  aubaequunlly  relea«e<i  from  this)  pressure  and  ex|K>8ed  tu  tlir         

Moapen  in  bubbles,  and  lightens  the  mass  as   effeetually  as  that  »T 
within  its  substance  by  fermentatiou.     The  bread  thus  made,  vailed  ' 
aled  bread,"  ia  of  ezodleni  quality,  not  being  subjeet  to  thx  alet«rtor»l| 
whii'h  BO  frequently  takes  place  in  ordinary  bread,  when  the  fermnoi 
ia  allowed  to  go  t(Hi  far. 

Viiimu  /rriurntaiiim,  that  is  to  gay,  the  conversion  of  su^ar   Into  alcn 
and  ciirlion  dioxiile,  never  takes  place  except  in   preitenoe  of  M>iiutJ 
genous  body  of  the  albuminoid  elass  in  a  state  of  deconi position,  . 
always  accompanied  by  tlie  devebquiient  of  certain  minute  livina 
isms — fungi   and   inru>ioriii — likn    thoae  alrea/ly  muntiiiiiiHl  lu  rxk 
yes«t.     So  oonslaully  iudee<l    is   Ihis   the  case   that   many   chr 
physiologists  ri'gard  Ihi  ' 

and  putrefacticm  ;  and  tl  fli 

eacdi  particular  kind  nl -^i 

with  a  c^<rlatn  living  organiKm,  or  at  b 

tainiugit;  thus  iKH'r-yeast  contains  two     ;  I, 

ctrti'iMtft  nn<l  / (-/ii'ciV/iMin  y/auoum,  the  c«dls  ol   which  are  uf  very  i 
■Ilea,  so  that  Ihey  may  (>e  sejiaraliol  by  liltering  an  infiiMion  of  tfe_ 
the  larger  cdli  of  the  Tunulit  remaining  on  the  filler,  while  tlioe<>~ 
IVniritlium,  which  are  much  KUinller,  pass  throat: h  with  the  li-^md.    Nov. 
found  that  the  rcfiilue  on  the  Itlter  l>rings  a  >   :  tl| 

of  vinoua  fcrinciil;ilioii,  h  hcre.'ix  tln'  llllcrid  I 

tslion;  but  ivb.'lb.i    'In-,  .i!.-,!    ih  .In..   

pwuiiar  •t«te  of  II 


not 
ar' 
or. 
ail 

W' 

of 
e* ' 

unl 


ct  ,l.vii|..,l. 


•  tfuaurv  Uioir  «umple(«  vxv^liuion  from  Itiu  kuU 


*  Km  Ik*  aHUlt*  **  IvravaUllaB,"  la  WalU'a  ItKUanari  •!  Caralair*.  i 


ETUTLIC    ETUER8. 


5G9 


BTnTUO  KTaEBS. 

P  Ethyl  Chloride,  or  Chlorethane,  C.Hja,  or  H,r__CH,Cl,  often  o»U«d 
'l-  /ii  ittutr. — To  prepare  this  componnfl,  rerlDiwi  spirit  of  wiiiu  is 

f  I  with  dry  li,yclnx'l.loric  acid  gua,  iiuii   tlio  proiluet  (listiUv<l  at  a 

X  le   livat;  or  a  mixture  of  3  purta  oil  of  vitriol   nnd  2  parts  of 

«i  -  iwuri-*!  iifMiii  4  parw  of  dry  ronimon  »nU  in  a  ri'tort,  and  heat 

;'  ill  •illier  casi"  llie  vajior  of  tim  hydrothlorio  ethpr  i>hould  lie  oon- 

I  li   a  little  tepid  water  in   a  waali-liottle,  and  thence  into  a 

*  surniunded    by  ice  and  salt.     It  iH  purilled  from  adhering 

|hatu.-r  \iy  cviiUot  with  a  few  frannneuts  of  fuged  ealoinni  chloride. 
K    Rtbyl  chliitlde  i.s  a  thin,  oolorleiis,  and  excessively  volatile  liquid,  of  a 
h  iromatie,  and    ifoiuewhat   alliaceous   ihIih.     At  the  freezing 

[j  : ,  its  sp.  gr.  is  O.iiai,  and  it  lioils  at  li.UO  0.  (M.SO  p.).     u 

li  "  part«  of  wator,  is  but  ini^iuiplftely  deconiposiil  by  solution 

!c  •■  when  thu  twii  are  heated  to^i'thfr  in  a  scaled  tube,  but  is 

<  '1  into  |Mitiissium  chloride  Olid  ethyl  alcohol  by  a  hot  aiiueooB  , 
iiolatioB  of  caustic  piilash  : 

CjUjCi   ■\-   Kou   =   KCi   4-   c,n,on. 

(■Tith  alcoholic  potash,  on  the  other  hand,  or  potassium  cthylate,  it  yielda 
ttb^l  oxide,  or  common  etlii^r  : 

C,Q,C1    -f    C,HsOK    =     KCI    -1-     (C,iy,0. 

3««t«d  trith  BO<U-lime,  it  jielda  ethcne  or  oleflaut  gas: 

aCjDia    +    Na,0    =    2NaCl    +     H,U    +     2C,n,. 

■  vl  chlnride  is  mixed  with   chlorine  gas  in  a  vessel  ea-' 
■d  dnyli|;hl,  and  art.TMar<ls  to  direct  sunshine,  hydro- 
,..  ,-  ,  pi<...'d,  and  the  chlorine  rlitiplaces  one  atom  of  hydrogen  in 
chloriile,  pi(Klncin^  mr>niii'hlorin.ite<l  ethyl  chloride,  ethcne  chlo- 
hlrirelhane,  CjH/'l,  (p.  517).     By  the  prolonged  action  of  chlo- 
Iwi  IB   excej!!.,  the  oouipouuda  C,U,Clj,   C,H,CI„  C,HClj,  and  C,C)«,  are 
(TodaiWI  (pp.  521,  522). 

Xtthyl  Bromide,  erBromethane,  CjHsBr,  also  called  ^^roAromi'c  e(A«r, 

lling  a  mixture  of  H  pints  bromine,  1  part  phosphorus, 
"I.     It  is  a  very  vol.ilile  liquid,   heavier   than  water, 
H.i...  ..  ,..  .,, aig  taste  and  odor,  boiling  at  41'-'  C.  (lUo.bO  i\). 


) 


Btbvl  Iodide,  or  Zodethane,  fjlTJ,  also  called  HifirHxIic  ether,  may 

ly  prepanil  with  5  parts  of  phosphorns,  70  parts  of  alcohol 

r.),  and  100  parts  of  iodine.     The  phosphorus  is  intnxlueed 

tiiUt  a  tubiiUteil   retort,  tvivenil  with   part  of  the  alconol,  and  hcatisl  lo 

filainii.     ThH  rest  of  the  alcohol  is  poured  upon  the  iodine,  and  thesolii- 

1   i«  nlloweit  to  (low  prnilully  through  a  tap-funnel  into 

wn  liquid  is  at  once  i|ecolnri«ed,  and  ethyl   io.liile  dis- 

,,.|..i,^...l  i,v  B  g[),«l  cooling  apparatus.     The  distillate, 

v|   iodide,  is  again  poureil  on  the  residuary 

,        V  diKsolved,  intriKliiced  into  the  retort,  and 

rtisl  into  ethyl  ifidide.     The  latter  is  washed  with 

:ig  alcohol,  separatnl  fmm  this  water  by  a  ta\>- 

ih   culHuiii  chloride,  and  riN'title.!  in  t\ve  waVeit-\Mv\.\\. 

-0  )m!  tormud  by  henliiig  in  a  Bealed  g\aBa  veaacV  n  mix- 

46* 
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ture  of  bydriodio  add  and  olefiuit  gas.     It  i«  a  celorlt^s  lipnid,  of  r 
trutiugvtlieri'al  udor,  having  a  doiiitity  of  l.il2,  aud  (xiiliug  at  ','JyC.  (1| 
F.).     It  l)i*ix>m>-s  red  by  cxjiOHUrti  to  light,  from  the  comiiienrfiai^t  < 
miuiHKiitiun.     This  sulMlaiicc  liay  bwoiuv  highly  iiuporlant  ax  a  t>ou 
ethyl,  and  frmu  its  ri'inarknblit  dt-puiluieul  with  auuuubiit,  which  «l 
diticuKilvd  iu  the  Sectiou  uu  Aiuiutss. 

Pthyl  Oxide,  or  ZithyUc  ether,  C.H„0 -.  C,H50.C,H,  =(C,H,), 

Thia  compound,  also  called  coihiimh  ether,  or  simply  eUher,  contains  tM 
lueuts  of  2  mnlecnles  of  alithol  tni'niu  1  moliH-nle  of  water  : — 

2C,U,0    —     H,0    =    C,H„0; 

and  it  ia  In  fact  prodnccd  by  the  action  of  varionft  ilnliydratinp  «ir»nt«I 
as  zinc  clilui  idc,  jiliosphorir  oxide,  and  strong  sulphuric  ncid,  ui>un  aU 
Thf  prcK-VSH  dot's  not  appear,  however,  t<'  Iw  one  of  direct  dehydrxUa 
least  in  the  case  of  Kulpburio  acid  ;  for  when  that  ucid  ix  heale<l  witil] 
hoi  to  a  certain  temperature  it  does  not  Int'onie  weaker  by  taking 
from  the  alcohol,  but  ether  and  water  distil  over  together,  and 
phurio  acid  remains  in  its  original  state,  ready  to  a<'t  in  the  same 
on  a  fresli  [xirtion  of  alcohol.     The  reaction  is  in  fact  one  of  sulntitl 
the  ultimale  result  lu-ing  the  conversion  of  alcohol,  C',Hj(01l;,  iutoa^ 
C,Uj(UC,Hj),  by  the  subslitnlion  of  ethyl  fur  hyilropen.     Tli 
which    this  takes  place  will   be  belter  understood  when  another 
the  formation  of  ether  has  bt>eu  explainevl. 

When  a  solution  of  sodium  ethj-late,  NaOC,Ilj,  in  anhydrous 
obtaiue<i  by  dissolving  nodiuui  to  saturation  iu  that  liquid,  is  luixec 
ethyl  ioiliil'e,  double  deeouipositiou  takes  place,  resulting  in  the  fot^ 
of  sodium  iodide  and  ethyl  oitidc ; — 

NaOC'.IIj    +     C,llil     =    Nal     +     C,HjOr,H». 

'The  result  would  be  the  same  if  chloride  or  bromide  of  ethyl  werti 
tuted  for  the  iodide :  moreover,  when  methyl  iodide  is  added,  ilMl 
the  ethyl  iodide,  au  oxygen-ether  is  formed  containing  both  ethy 
methyl ; — 

NoOC.n,    4-     CH,I    =    Nal    +    C.H.OCH,. 

Sodium  efhylate.      Mrlliyl  Ethyl-ixethyl 

lodltlc.  elhiT. 

In  each  raxo  the  reaction  oonsists  in  an  interchange  between  the 
and  the  alcohol-ruilicle. 

Now,  when  alcohol  is  heated  with  strong  sulphuric  ncid,  the  lirsl  r< 
is  the  formation  of  elhylsulpliuric  acid,  BO,(OC,H5)U11,  by  substitutii 
ethyl  for  hydrogen  in  the  aciil ; — 


itH] 

>tit4 

to«| 
auit 

1 


so,(nn)(on) 

Sul|iliurlo 
acid. 


+ 


c.n.,(<in)   = 

AlcohoL 


H(OH) 
Water, 


s<t,(()C,n.)(Oi 

ElJiyliiulphuri( 
»cid. 


and  when  the  ethylsnlphuric  acid  thus  formed  is  brought  in  contact 
certain  temperature,  with  a  fresh  portion  of  alcohol,  the  reverse  sul 
tion  takiM  place,  resulting  in  the  formation  of  ethyl  oxide  aud  >iil| 

acid : — 


80.(0r,Hj((tn)     -f 
Ethylmilptiurle 
sold. 


r,Hi(nH) 

Alcohol. 


c,n,oc,H. 

Etber. 


+     8O,(0H 

Sulpliu 

•eld. 


The  sniphnric  acid  is  thns  reproduced  in  its  original  stat4>,  and  if  tl 
piy  of  alodhol  be  kept  up,  and  the  temperature  maintained  within 
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I,  the  same  seriec  of  actions  ia  oontinually  repeated,  and  ellier  am 
t  distil  iivpr  together, 
r  iiiiat  fxvnralilx  Iciiipt-ratnre  fur  etlK^rilUation  i*  liftwt-eii  1270  mid 
C.  (2oV^  and  3U>-'  V.);  bidow  J27^  v«r,v  link-  t-tlinr  i»  iirotluwil,  aud 
I  1S4^  a  dilfi^rpiit  n-iu'tiuu  takes  place,  reaultiDg  in  tlic*  rurmatioii  uf 
nt  gas.  The  niaiiiti'iiniiLst  of  tin;  tcmperuliire  witliiii  tbi-  ether-pru- 
■g  limits  is  best  effected  l>.v  iHiiliiig  the  mixture  of  Hutpliuriu  avid  tiiid 
Ol  in  a  daak  into  whieh  a  fiirtlier  quantity  of  nicohul  is  supplied  in  a 
Unas  and  regulated  stream.     This  is  called  the  cun/inuotu  ether  pri 

•ide-necked  flask  n  (fig.  173),  is  fitted  with  a  sound  cork  perforated  hy  ' 

•  perlures,  one  of  whieh   is  destined   to  receive  n  tlieriiiiinieter  with 
|ra<tuation  on   the  stem  ;    a  second,  the   vertical   portion  of  a  Ions. 
lube,  terminating  in  itn  orifice  of  about  jig  of  an  inch  in  diameter  JI 


|ui  lliinl,  a  wide  bent  tnhe,  c,  connected  with  ihe  ituidenser,  to  eariy 
r  rulalilizixl  pnxlucls.  A  mixture  iu  madti  of  8  parts  by  weight  of 
Btrated  sulphuric  acid,  and  5  parts  of  rocli lied  spirit  of  wine,  of  nIxMit 
•p.  lit.  This  is  introduced  into  the  llask,  iind  heated  by  a  lamp, 
iquid  soon  lx>iU,  and  the  thermometer  very  sbortly  indicates  a  tein> 
Bre  of  14t>0  C.  (i840  F.).  Whbn  this  happens,  alcohol  of  the  alxivo 
jtf  is  sulfere<l  slowly  to  enter  by  the  narrow  tube,  which  is  put  into 
Huiioation  with  a  reservoir,  h,  of  that  liquid,  coneUting  of  a  large 
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bottle  perforated  by  a  holB  ntMir  thv  liotloin,  ami  ftirnMcM  with  •  wull 

lirjuM  Hto|iL<uclc  titteti  hy  a  cork  :  the  8tui>(x>vk  in  >,>•• 

long   iuImi  liy  a  cju)utcliuiii:  uunnuator.     As  tlin  tui 

bottom  <)(  the  lliiitk,  tliu  iiUijIidI  );i<t«  tliiirnuglil^  lui.X' 

thu  pressure  uf  tin- Ilui<l  ooluoiu  Kmii^;  tuiibi'ii'ut  i'  i 

of  thit   tiuw  ,  the  quantity  U  uiisily  luljustisl    by  tlu    v.    ....     ....(-..«. 

For  uondeiuistiou  «  Liubig'a  oondutucr  may   be  used,  supiilMU  •lUl  Im 
water. 

Tbe  degree  of  lie»l,  aud  tbe  supply  of  alcohol,  niu»t  l<«  so  a 
the  thermometer  may  rcmuiu  at  MlP,  or  as  near  that  temi»-r  ,.  ■ 

silile,  while  the  tiiiileiili  iif  the  liiusk  are  riiuiiitaluetl  in  :i 
iWrnr  eliullili'in — a  pi'iiit  of  esoelitiiil   iiiijH>rtai)oe.      Ktln  i 
ox'er  to;;elher,  ami  colleet  in  the  receiver,  formiiif;  two  di- 
mixture  slowly  blaekeus,  from  some  »li):ht  mreondary 
ui»)ii    the  Aipirit,  or   upon    the   im|inritieii  in  the   liii'.  r 
many    hours'   ebullition,  its    etlierifyiuR    jniwers   ti 
however,  slowly  volatilizes,  partly  in  the  slate  of  ui7  _ 
tity  of  liquid  in  the  Hnsk  ia  found,  after  the  la}i8e  ol'  a  i  < 
val,  Hensibly  diminished.     This  Iohs  of  acid  oonstitnten 
(b  the  duration  of  tlie  proouss,  which  might  otherwinu  bu  i.uuiiuu>< 
definitely. 

On  the  large  scale,  the  flask  may  be  replarM  !•; 
tul)«8  (wing  also  of  the  same  uii'tal  :   the  stem  of  tl> 
ma<le  to  pass  air-tight  through  tlie  cover,  ami  heat  tn 
tai;eously  .ij)plied  by  high-pressure  steam,  or  hot  oil,  eireulaliUK  in  •  ra 
tube  of  metal  immersed  in  the  mixture  of  aeid  ami  spirit. 

The  crude  ether  is  to  be  aeparnteil  from  the  water  unwhieh  ii  Hq 
tated  with  a  little  solution  of  c^iustie  |Mitu»h,  and  tedistilbxf   by 
of  warm  water.     Thu  aqueous  portion,  IrentiKl  with  an   i! 
and   distilled,  yields    aleohol    containing  a   little   etber. 
spontaneous  separation    tn^fore   mentii>ru'(l  doi-s   n^'f 
di-ntal  pn-sence  of  a  larger  i|UJinlily  thun  usual  of  i: 
the  addition  of  a  little  water,  howi'ver,  always  sulTi'    .    . 

Pure  elhylie  ether  is  a  oolorli-sa,  transparent,  fragr,uil 
and  mobile.     Its  specille  nrsKvUy  at  15..'.0  V.  (J!t.l»'J  K.)  i 
boils  at  3.'),U^  C.  (i<iP  K.)  umter  the  pressure  of  the  atm'> 
without   freezing  the  severest  eoM.     When  dr^pp-wl  on  ■ 
KioUM  a  sharp  sensation  of  ch.iIiI,  from  its  rapid  \    ' 
combustible,  and  burns  with  u  white  llame,  ^' 

dioxide.     .Mlhough  the  suli«liim.e  itself  is  oi i 

va|H>r  is  very  heavy,  having  a  density  of  2.iwl  (r.  : 
with  oxygen  gas,  and  fired  hy  Ihe  eleolric  spark,  or 
with  the   utmost  violence.      Preserved    in  an   linp-i 
ether  alMorbs  oxygen,  and  bceouies  ai^ld  from  tli.e  pf  ■■■ 
this  altrac'tioti  for  oxygen  is  inrp-OHed  by  elevation  ul  le. 
di<cum|x>se<l  by  transmission  through  a  r<«l-liol  lul»'  Into 
aldehyde,  and  aeelylene,  and  two  h:i  v 

Kther  is  miKi'ible  with  alcohol  in 
distolves  to  a  snoill  extent    in  that   ninei,   I'' 
alH>ut  1   part  "f  elhrr.     It  m.iy  lie  separated 
qunntitr  i>i  tK.- l.iif .t  Ik  ii..t   ,v,<-.^iv'.-    tpv  rul,; 
ni.M 
di- 

exii-ut.  aUii  a  lew  ;• 
power*  In  tills   r«»|. 
j  Water. 

Antiydtoot  ifiUcr,  »tib}««l  U  lit*  Milan  o(  olilorinv,  fivHn  tht)  lhn»4 


el  to  be  det.cril><d, 
>pna,  hut  not  Willi  •rali 
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Bktion-prodoots,  C,H,CI,0,  C^H.CljO,  and  C,Cl,oO,  the  first  two  of  which 

?r  lUjaids,  while  thn  third,  proiuc^d  by  the  yrolongfd  action  of  ohiurine 

Wi  rtlii-r  ill  8iin»liiiif ,  iii  a  ctv^ilalliiieHdliil.    Thi<  huuuixI  i:hluriut<  compound 

ptwl    \>y  livilroyen  sulphide   intu  the  two  uryatalliui' Oduipounds 

'  aud  l',H',8,(). 

L.. ..,.  uirthi/l  uruU,  Elhyt-methi)!   elhtr,  Ethyl  melhijlatf,  or  Mrlliyl  rllii/lair, 

t,II,U^l',Hj()CH,,   19  producnl,  as  alre.idy  niciitiuned,  by  the  action  of 

■ntiyl   ioilidr  <>o   potassium   ethylate,  or  of  ctlivl   iudido   on    potan.iium 

HjhyUte.     It  is  a  very  inllaniniable  liquid,  boiling  at  llO  C.  (51.i)0  F.). 

^thyl  mtrate.  I'.HiNOj,  or  C,Hj(>NO,.— AiVnV  e/Arr.— When  nitric  acid 

1»  lii'iilml  witli  aluoltol  alone,  part  of  the  alcohol  it,  oxidizctl,  and  the  nitric 

lad  i»  reduce>l  to  uitmus  acid,  which,  with  the  remainder  of  the  aI(x>hoI, 

knas  ethyl  nitrite,  C",HjN<)„  together  with  other  prtKlnets;  but  by  adding 

*    '  !>'-  lit^uid,  which  di'<»>mp<>Det<  the  nitrous  acid  as  fast  as  it  is  formed, 

a  may  l>e  prevented,  and  the  aliohol  and  nitric  acid  then  form 

,^u,. .  ...;rate.     The  experiment  is  most  safely  con<lucled  on  a  small  scale, 

Mi  the  distillatiou  must  he  stoppe<l  when  8rren-ei|i;hths  of  the  whole  have 

^•ed  over  ;  a   little  water  added  to  the  distilled  pro<lnct  separates  the 

lilric  acid.     Nitric  ether  boils  at   !«r.O  or  8tP  C.    (IS.'jO-lSti.SO  F.),  and 

IS9  a  density  of  1.112  at    l.'iOC.  (590F.)  ;  it  is  insoluble  in  wali  r,  has 

vljle  sweet  taitle  and  odor,  and  is  not  decomposed  hv  an  aqueous 

•  f  caustic  potash,  althou^'h   that  sutwtance   dissolved    in   alcohol 

kiiai'K'i    It   even   iu  the  cold,  with    pHHluction  of  potassium  nitrate.     Its 

rapor  ia  apt  to  explode  when  strongly  heated. 

Ethyl  Nitrite,  TjH^NO,  =  0,11^—0 — NO. — Xitrout  nhrr.— Thin   com- 

w..,t.,i    ...inieric  with  nitro-ethane,  l',!!;, — N<'„  can  he  obtaineil  pure  inly 

rect  action  of  the  ai'id  itself  ui)on  alcohol.    One  part  of  starcli  and 

■>l  nitric  acid  are  gently  heated  in  a  capacious  retort  or  flask,  and 

Uie  vajMir  of  nitrons  acid  thereby  evolved  is  condui-ted  into  alcohol  niixe<l 

Kitli  h^ilf  il^  weight  of  water,  contained  in  a  two-necked  bottle,  which  ia 

niged  into  cold  water,  and  connected  with  a  gocMl  condensing  ur- 

iil.     Rise  of  temperature  must  l»e  carefully  avoitled.     The  jiriHluct 

peration  is  a  pale-yellow  volatile  lii|iiiii,  having  an  txceeiiingly 

.   o<ior  of  apples  :  it  lx)ils  at  Iti.-lO  ('.  ((^..^o  j.'.),  and  has  n  density 

..  L".  at  150C.  (.'lOO  ¥.).     It  is  decomposed  by  potash,  without  darlcen- 

lu.  Into  potassium  nitrite  and  alcohol. 

rhe  nrrtt  tpiritM  of  nitre  of  pharmacy,  prepared  by  distilling  three  pounds 
of  tlrnhol  with  four  ounces  of  nitric  acid,  is  a  solution  of  nitrous  ether, 
tidrhydc,  and  several  other  substances,  in  spirit  of  wine, 

Sthyl  Sulphate*.— There  are  two  of  these  ethers,  analogous  to  the 
■ttjrl  *uiphat4!ii. 

Ari4  Flhifl  fiulphntr.  Fthiilmlphmc  aeiit.  or  Sulphorinir  arid,  r,H„.SO,  = 
XH,.0.S0,H  =  SO,(f)r,H.,)(OH)  =  SO,(C,H,,)H,  which  has  the  composition 
alphuric  aci<l,SO,It.,.'wll)i  half  the  hvdrogen  replaced  by  ethyl,  is 
bv  the  action  of  siilphnric  acid  iip<m  alcohol.  To  prepare  it,  strong 
—JlB.'d  spirit  of  wine  is  mixwi  with  twice  its  weight  of  concentratwl  sul- 
plinrie  arid  :  the  mixtnre  is  heated  to  its  Iw.iling  point,  and  then  left  to 
col.  When  cold  it  is  di!nte<I  with  a  large  quantity  of  water,  and  neutral- 
iml  with  chalk,  wherebv  much  calcium  sulphale  is  prrxliiced.  The  mass 
l«  plac-d  nj»n  a  cloth  Alter,  drained,  and  pressed  ;  and  the  clear  solution 
U  rvajiorated  to  a  small  bnlk  by  the  heat  of  a  water-bath,  filtered  from  a 
litlli-  >iilphale,  and  left  to  crystallixe  :  the  product  ia  cu^cium  c(fci((ini(p(mte, 


674 


FATTY    ORODP:    AlOOUOLB    AND    ETBEBS. 


in  beautiful,   oolorlitss,  transpsr<<nt  crrstals,  oontaining  Ca<(^Il|},(l 
2H,0.     Tho;  dissolve  in  au  eqnol  wuigUt  of  cold  water,  au4  uOiitnm  I 
dr/  almuspUure. 

liannm  ElliifUuJ/ilinIr,  Ba(C,Hj)^O,.2H,0,  eqii/iU/  sulatilo,  uxi  i 
iK'niitirul,  iiis.v  Iw  pro<iuit<<l  (»>•  sulistiliitiiij;,  in  llie  aIk.v..  i.i...-<,  ] 
c«rlxiiial«  for  chnlk.     From  this  salt  tli«  avid  iiia;  bv  yi 
prouipiCating  tliu   basts  with   dilutv  Bulphtiriv  acid,  ai> 
filt<«red  solution  in  s  raciiiiiu  at  thu  iviiiporBture  uf  ti 
8our,  syrupy  liquid,  in  which  gulphuriv  acid  cannot  !>. 
onliniu-y  rt'd^jvula,  and   is  very  ciLsily  decomposed    by    I 
long  xxposiirc  in  thu  vacuum  ol  the  air-]>unip.     AU  the  ■ 
soluble  ;   the  solutiiins  are  decomiXiSeil  by  boiling.     Th' 
the  lmrium-iHini]xnind.     The  /•otaiuium  mil,  K((,',Uj)S« ', 
deciinipoiiiiig  calcium  ethyl»ulphalc  witii   {M^tasdiuin  cii, 
drou8,  portuaneni  iu  Ihi'  air,  very  Boluble,  and  cryalalllz«»  weH. 

I'otassiuin  ethyUulphate  difctilUxl  mIUi  strong  sulphuric  acM, 
ethyl  oxido  with  diluto  sulphuric  acid,  alcohol ;  and  M-itli  airong 
acid,  othyl  acetate. 

Istlhiuiiie  ariil,   isnracrlo  with   ethylsulphuric   acid,   will    Im 
amongst  olhenic  ethers. 

\rulrn1  Etkjil  nljikaU  (C,.»j)5SO,.  or  S  .|    hr  | 

the  vapiir  of  sulpliuriu  uxidc  int<j  perl'  .     A  . 

lii|Uid  is  priHluivd,  which,  wlieii  shaken  »iiii  <  vmuiiii 
volume  of  ether,  sepaialch  into  two  l,tyer»,  IhK  lower  en: 
phnrlc  acid  and  various  other  i-ompounds,  whili-  tho  upi 
of  an  >>thereal  solution  of  neutr,<il  ethyl  Kulphate.  Ai 
ether  ht  volatilixml,  and  the  ethyl  sulidiate  n  mains  as 
It  cannot  be  distilled  wltboot  deoompusitiou. 

Ethyl  SalphitOS.  —  Tlir  ti/mmrtTir  neutral  tuljihilr,  i^l)- 

by  the  aclion  of  Ihionyl  chloride,  SOt.'l„  or  uf  sulphur  di< 
absolute  alculiol  : — 

son,  +  2(C,H4.0H)  =  2UC1  +  SO(OC,n,), 

8iC>i  +  3(r,iij.ou)  =  c,H,.su  +  aHci  4-  stKOC.n^^ 

Tito    mercaptan,  likewise  formed    in   the   last    reaction,  auSots 
diH'om|io»itlon. 

Kibyl    Hulpblte    In   a   limpiil,  air  ni;    liijuid.  ' 

gravity  of  l.t'HS  at  (O.  Ixiiling  at  1 1  i  •■0  F.),  d.-. 

into  alcohol  and  tiilphuruus  acid.     \N  iilj  ji/t-tfiJiumt  p< 

thechlondo,  SO<^|.    «    >  (iaomerio  with    elhyUulphoDlc  1, 

boiU   at   liaoc.  (2.11. nop.),  ,nd  U  dccompoaod  b/ water  lato 
h/drochlnrio  acid  and  sulplinromi  acid. 

Whwn  ethyl  sulphit<<  in  mixed  nith  an  eijuiralent  qu.' 
hx<lrozidi.'  in  dilutti  solution,  vryatalliue  aoair*  are  rorn 

Ifaa  kail,  SO^^jj.'   *,  which   majr  ba  r«Kard«>d  a«  Ibo   pi>taa*ian-( 

pthyUulphuroua  acid,  isomeric  with   etIiyUtilpbnnic  anid.     T)i» 
aolutiiiuof  this  aalt  easily  »pllta    up  Into  potoMlum  aulphltr  a« 
aU-uhoL 

FlhyUulpkaalf  aeltl,  C,n,J)OpOlt,  fonned  by  the  adi.n 
lodliU  on  polaaitum  or  aodlum  aulphite  (p.  SM),  to  •  titlvk  < 
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Itidl  is  oxidiied  by  nitric  acid  to  ethylsuliihnric  acid,  S0,(C,H5)II. 

►-'•  ■'  "  -' ■  '  Pli,  crytallizes  in  i-iwily  soluble  lamiiioi.  Tlio 
1  IJj,  likfwiiio  oblaiiic<l  by  lu'Uting  ailvi-r  siil)iliit« 

[;       .   .   .        .  Uquid  having  a  specific  gravity  of  1.17  at  (P,  and 

't,  CjHj.SO,Cl,  is  a  liquid  boiling  at  1730  C.  (343.40  F.). 
"  'onic  arid,  C,11,CI.S0,.0H,  ia  produced  by  the  action  of  phoa- 
iloridf  on  isotkionio  auid,  C,H,(UU}.SO,Ii. 

fnlphlnlc  Acid,  C.nj.SO.On.— The  linc  salt,  (C,H,.SOj)^n, 
r  itiK  uoii'in  of  sulphur  dioxido  uu  tine  ethidu  (p.  556),  crystal- 
lining  lamina<.  By  oxidation  with  uitrio  acid,  the  acid  ia  con- 
\fb  ethylsulpbonio  acid. 

Phosphates. — Three  ethyl  orthophosphatcs  have  he*in  obtained, 
I  Hod  uDu  ueulral,  ana1o|;ou8  in  compoaition  to  tbe  sodium  phoii- 
Mso  a  noulral  pvrophospbate. 

Ik-  rUsjMlt,  oTEthylpl,usphoricacid,(.C,\li)\\,?0„  or  (PO)"'{OC,Hj) 
i»  t-alb-il  Iliosphovinic  aeitl. — Thi.s  acid  ia  bibaaic.    Its  barium  salt  is 

Eiy  hfating  to  82°  C.  (179. tiO  F.)  a  mixture  of  equal  weigbUi  of 
ifaol  and  syrupy  phosphoric  acid,  diluting  this  mixture,  after  a 
I  hours,  with  water,  and  neutralizing  with  barium  cnrliouate.  The 
f  ethylphittphale,  separated  by  filtration  from  the  insoluble  phos- 
ievaporateil  at  a  mcHler.tte  temperature.  The  salt  crystallizes  in 
Jiexagnnal  plates,  which  have  a  p>'arly  lustre,  and  are  more 
(cold  than  in  hot  water  ;  it  dissolves  in  15  parts  of  water  at  300  c 
j  The  crystals  conLnin  (C,ll,)BnPO,.GHjO.  From  this  salt  the 
)t>e  obtaiucl  by  precipitating  the  barium  with  diluti*  sulphuric 
evaporating  the  filtered  liquid  in  the  vacuum  of  the  air-pump  :  it 
porlesa,  syrupy  liquid,  of  intensely  sour  taste,  .sometimes  exhibit- 
ranees  of  crystallixation.  It  is  very  soluble  in  water,  alonbnl, 
!,  and  easily  decomposed  by  heat  when  in  a  concent  rated  state. 
Iphosjdiati-s  of  calcium,  silver,  and  lead  are  but  slightly  aoluUle  ; 
llie  alkali-metals,  magnesium,  and  strontium,  arc  freely  soluble. 
\c  ni>fi>l«ilr.,  or  llivthi/ljiliosphnric  aciil,  (C,Hj)„HPO„  oV  (PO)'" 
[1)11),  is  a  monobasic  acid,  obtained,  together  with  the  preceding, 
lion  of  syrupy  phosphoric  acid  up<m  alcohol.  Its  barium,  silver, 
lallaare  more  soluble  than  the  methyl  phosphates.  The  calcium 
i),l"a(I'<>,)„  and  the  lead  salt,  (C,lI.),Pb(POJ^  are  anhydrous. 
Be  n<..,fj,ale,  (C.IIJjPO,,  or  (P())"'(OC.IIj)„  is  obtaine.1  in  small 
by  heating  the  lead  aalt  of  diethylphosphoric  acid  to  l(KO;  more 
the  action  of  ethyl  ioilide  on  triargentic  phosphate,  or  of  phos- 
Ijrchloridc  on  sodium  ethylate  : — 

3C,n,0N»  4-  (PO)a,  =  3NaCl  +  (POXOC.H,),. 

pid  liquid  of  specific  gravity  1.072  at  12^'  C.  (53.60  F.),  boiling 
(41iK>  F.},  soluble  in  alcohol  and  ether,  and  also  in  water,  by 

rever,  it  ia  slowly  de(«ni]H>sed. 
)lie  Pj/ropkotpkale,  (CjIi5),P,0„  produced  by  the  action  of  ethyl 

argentic  pyrophosphate,  is  a  viscid  liquid  of  specific  gravity 
iT-"  C.  (02.(1°  F.),  decomposed  by  potash,  with  formation  of  putas- 
|iyl-pliosphatv. 

{Phosphites. — Sgnmetneal  Trielhi/l  Ffiosphite,  P(O.C,Hj)„  formed 
lion  of  phosphorus  trichloride  on  ethyl  alcohol,  boils  at  191°. 
ftphonir   acid,  (C,H,)PO(OU)„  formed    by  oxidation  of  primary 
mhine  with  nitric  acid,  ia  a  solid  Iwdy  melting  at  440  C.  (111,2*3 

S). 


withat 


giBviij  ui  UtUtfu,  turn  nuuiug  ni  •iir'  o.  yj/u^r'  r.j, 

Monctliytic  Borate,  t.'._,HjHl>,,  in  a  dciisi-  imxlorous  liqaid,  h«vl 
tht>  ounaisttimie  uf  oil  ul  vitriol.     It  cttutiot  be  dislilltHi 
iiilinn,    being  resolved  ikl   liigli    t«ui|HTatiire^   into   trietli 
mouelbylio  tri  borate,  C,HjBj()j,  or  CjHjBDj.BjU,  : 

4(C,Hi)B0,  -  (C,Ui),BO,  +  (C,H5)B,0». 

Ttie  latter  remains  as  amofls  resemblin;;  f<iiin-«rabic  :  it  attrM 
from  tbe  air,  nud  becomes  covered  wilb  a  crust  oC  boric  acid. 

Ethyl  Sllioale*.— rcrrrtVc  ^H'""',  (C,H4),SiO„  or  8i( 
produced  by  treating  :iilicia  chloride  with  a  small  quantitjr  of 
alcohol  : 

4C,ll,ttU  +  SiCl,  =  4UC1  +  Si(0C,Hj)4. 

It  If)  a  oolorlees  liqnid,  having  a  rather  pleasant  ethereal  odor, 
pepiwry  taste  ;  specific  gravity  0.933  at  20O  C.  (680  F.).  It  Ik 
<le<omi>osition  helweon  l«.')a  and  IGGO  C.  (3290  and  330.80  p.) 
Het  on  lire  burns  with  a  dazzling  flanie,  diffusing  a  white  sma 
divided  silica.  It  is  deounijxwed  slowly  by  water,  quickly  1^ 
and  the  fixnl  alkalies. 

Silicic  ethers  containing  ethyl  and  methyl,  and  ethyl 
likuwia«  beou  obtaiued. 


Ethi/lir    Thio-alrohol  and  Ethert. 


1 


Ethyl    HydrosQlphide,   Ethyllo   Thlo-alcohol,  or   M 

CjIIjSli.— This  com]x)und,  the  sulphur  analogue  of  ethyl  alixi 
duced,  analogously  to  methyl  hydrosulphide  (p.  f>82),  by  tbi 
IMitnssiuiu  liydrusulphide  on  calcium  ethylsulphnte.  A  solutioi 
jMitnsh  of  sjiecilic  gravity  1.28  or  1.3,  is  anturate<l  with  sniphi 
drogett,  and  mixed  in  a  nrtori  with  an  eqwtl  vuiumu  t>(  aulttUac 
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nt,  «dlahl«  in  aJooliol,  and  suparating  from  that  liquid  in  distinct 

-  '  '  -.<utain  Hg(Sr^H,),.  Tliis  compound  is  de<x>iupoe«d  by 
logcn,  mercuric  sulpliide  being  thrown  down,  and  mer- 
i.  Hy  aildiiig  solutions  of  lead,  coppor,  jiilver,  and  gold 
lution  of  nicTcaplan,  eorre8]>onding  vouifHiunds  conlain- 
\re  foruiwi.  Caustic  jkiIhsIi  produces  no  ellrct  upon  luer- 
but   ]MiiBs»iuni  displaces  livdro^en,  aud  gives   rise   to  a   vr.vstul- 

vutujiuuud,  C,HjSK,  soluble  in  watvr.     tiudium  acts  iu  a  aiuiilar 


rl  Solpbldea. — Tlire<>  of  these  compounds  have  been  obtained, 
lus  III  loiiijMisition  to  tlie  iiicthvl  suljihidcK,  nnd  produced  \>y  similar 
la.  The  moNomliibitle,  (t'.lljj^,  or  fjHjJ-L'jHj,  is  a  colorless  oiljr 
hairing  a  wry  pungent  alliaceous  odor,  a  spvvifla  gravity  of  0.(125 
^  (tit«o  K.),  aud  boiling  at  HI'-'  f.  (IHS.bO  V.).     It  is  very  intlamuia- 

burns  with  a  blue  tiamo.  Wbeii  (niured  into  clilnriue  gas,  it 
re  ;  but  when  dry  cblorlue  is  passieil  into  a  flask  containing  it,  not 
into  the  li<iDid,  the  vessel  b.?ing  kept  cool  and  in  tlie  uliade,  sub- 
B-pro<hicts  are  formed  and  byiliiKhloric  acid  is  copioiiiil.v  evolved, 
dnrt  consists  chiefly  of  d  i  ch  I  ore  t  hy  I  ic  sul|>hiile,  ((',H,C1)^. 
ictiou  tak*«  place  in  iliirused  daylight,  aud  without  external  cool- 
compounds  ((',H,(°I,),S  and  (C'.^IK'I,)^  an>  obtained,  which  may 
fMteil  bv  fractional  distillation,  the  first  boiling  betwn-n  18ti^  and 
[<372.al-377.(iO  F.),  the  s.x.'ond  InHwi^n  217°  and  2220  c.  (422.t>- 
f,).  The  action  of  chlorine  on  ethyl  sulphide  in  sunshine  yields 
highly  clUorinated  compound,  proliably  (r,Clj),S. 
buml/JiuIr,  (t'jHj),.S,,  obtaine<l  by  distilling  potassium  bisulphide 
ium  ethylsulphate  or  with  ethyl  oxalate,  is  a  e<ilorh>8S  oily 

ry  iullammable,  Iwiling  at  l&io  C.  (3(i;<.8'J  K.).  The  triml/iliiilr, 
ii  *  boBvy  oily  liquid,  obtained  by  actiug  in  like  manner  on 
poutasulphide. 

tbylaolphnTOoa  CompotiDda. — When  ethyl  monoanlphtdp  Rn<l 
l^ide  are  heate<l  together,  they  unite  and  form  sulphurous 
tielhide,  (C,IIj).'5.r,Jljl,  or  t3>'(f,Hj)sI,  which  crystalliaes  in 
■  The  same  compound  is  formed  by  the  action  of  ethyl  iodide  on 
jrdrueulphide : 

2C,H,I  -f  C.IIjSIl  =  HI  +  8(C,1I.).I, 
«n  iodide  on  ethyl  monosulphide  : 

HI  +  2(c,ii,)^  =.  c.iissu  -f  s(r,nj),i. 

[>U8  iodotriethide  is  insoluble  in  ether,  slightly  soluble  in  alcohol, 
tallixes  from  the  solution  iu  white  deliquescent  uei'dles  iHdoiiging 

tionoclinio  system.     It  uniteH  with  metallic  chlorides. 
rchlori<le  aud  ethyl  bromide  unite  in  like  manner,  but  less  readily, 
byl  sulphide,  forming  the  compounda  8(C,U4J,C1  aud  8(f,Hj),Br, 
hich  crystallize  iu  needles, 
ting  the  iodine-compound  with  recently  pre<^!pitat«4l  silver  oxide. 
By  alkaline  solutiim  in  obtained,  which  (Iries  up  over  oil  of  vitriol 
alliuu  deliquesc-ent  mass,  consisting  of  sulphurous  t  r  iet  hy  1- 
lylato,  (C,Uj),6(0H).     The  solution  of  this  Hullstan(^e  dissolveti 
lilcu  caustic  (iiitasli,  and  forms  similar  precipitates  with  various 
i  aalt*.     It  neutraliz<!S  acids,  forming  detiitite  crystalliiable  salts, 
I  nilralr,  (C,HJ,S(ONOp,  the  ucrlatt,  (r,Hj),S(<)(',Hj(l),  eto. 
iiiction  of  the  sulphur  iu  tht»c  compounds  is  aiialogoiu  to  that  oi 


( 


thus : — 


s(c.u.)   +   c.n.Br,  =    ^>s^^»{h' 

Uletbrneoulphoaloa 


illbrumide. 


B(C,Hj),   +    C,H,Br,   +     {j^silVi; 
"'        \CJL 
Ethcoi!-illethyl-«alpooai« 


dtbromicte. 


Analogona  oompoands  are  also  formed  hy  selenium,  e.  g, 
nnnt'um  iodide,  Se(CH,),I. 


?^ 


Btbyl  Tellaiide,  Telluiio  Ethide  «r  TeUaretbyl,  TeC 

i'<iui|KHii)il  i.s  olitniiit'd  hy  ilistilliiig  potni^siuiu  ti'llurulo  with 
ethjlaulpliale : — 

TeK,    +     2K(C,Hi)S0<    =    2K^4    +     Te(C,Hi), 

It  in  a  henvy,  nily,  yclIowiHh-red  liquid,  very  inflammable,  and 
moMt  intoli-rnlilt'  iMur.  It  acts  as  a  bivah-nt  radicle,  uniting  wit! 
liroininK,  nitygeu,  civ.,  tii  form  ooiupouiuU  in  wliii-li  tlie  tellor: 
ns  a  lelr»<l,  r.  <;.,  T.(r,IIj),C'l„  Te(C,U5),0,  ete.  The  i»i*ni<«  il  o 
trentiii);  t4-lliirt't)iyl  with  uitrie  acid  ;  the  other  salts  by  double  i 
tion ;  tlie  clilnriilr.,  for  i'Xani]ile,  setlK*  down  as  a  heavy  oil,  un  i 
driH^liloriv  avid  to  a  solntinn  uf  the  uitraUt.  Tile  arida  is  lH«t  pr 
treating  the  chloride  with  water  and  silver  oxide;  it  diasolva 
furiuin);  a  slightly  alkaline  li<|uid. 

Selenlo  Ethlde,  or  Belenethyl,  ^e(C,H,),,  prepared  11! 
is  also  a  fctiil  liquid,  exactly  resembling  the  tellarium  ooi 
chemical  relatiomi. 


impo 
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fformal  Propyl  Alcohol  was  HUonvored  hy  Cbanoel  in  1853,  in  the 

bcl  oil  ol  lUe  resiiluis  l«ft  in  the  distillatiun  of  liraiuly  rrum  wine.     It 

(tar  hr  iibuiiir<l  tyntbeticalljr  fmui  eliivl  aliuliu!  Ii.v  lliu  folluwiii^  stiries 


r 


aile,  CjIl,N,  or  Cll.jCllj.f'N  (pre|»arc<l  l)y  ilisitilling  a  niix- 
•  u  cjraiiide  and  poUL-uiiuiu  «tbyUul|ilial<-,  p.  l>'Si),  is  uonverted 
(lie  at'id,  CUjCUj.COUU,  by  boiling  witb  utrnng  c«uslio  potub. 
iiture  uf  the  calcium  salU  uf  propionic  and  forniir  acids  ia  sub- 
u^  Ui  dty  distillation,  whereby  propionic  aldehyde  is  oblainml : — 


CIl,i:H,.aK)Ca'     + 
CUtium  proplooate. 


H.C<)OCa'» 
Colclum 
(ormite. 


Ca,COj 

rufcluin 

carbuDXe. 


I 


fiKrn-.toH. 

alilfhyde. 


Tli«  propiiiuic  aldehyde,  treated  witb  water  and  ecKliara  amalgam, 
up  i  atoms  of  hydrogen,  and  id  converted  into  normal  propyl  alco- 

CHjCHj.COU    +     H,    =    CH,CH,.CU,OH. 

Tht'  vri>^  of  pror>«8«i  just  described  atTordx  a  general  method  of  build- 
n;  ttp  the  nurmal  priujary  alcohols  of  the  fatly  group,  one  from  the  other, 
t  kas  mil,  biiHcver,  been  Bt:tuully  carried  out  higher  than  the  sixn-arlMiu 
(f  iiHV  vl  .-tltxibnl. 

uetluKl  of  passing  from  etliyl-alcoliol  to  propyl  alcohol— also 
applicable  as  a  un-tbod  of  syntheHis  of  pritiiiiry  alcobol» — is  to 
pa«»rt  ellirl  cyanide  or  propionitril  into  propylnininc  by  the  action  of 
■MflJl  hydrogen  (water  and  hiKlium  amalgam)  and  the  propylandne,  by 
kfidlon  of  nitrous  acid,  into  |)ropyl  nitrite,  wliich  may  tlien  bo  converted 
■to  the  alcohol  bv  distillation  with  an  alkali : — 


CHj.CIL.CN   + 
Ethyl  eyauldc. 


C.H   Nil,     + 
PropfUmine. 


2H,    =    Cll,.f'H,.(H,.NH, 

Propj-tpi  uoue. 

2N0,H    =    2H,0    +    N,    -f     C,n,NO, 

Propyl  nitrite. 


Ronnal  propyl  alcohol  is  an  oily  liquid,  toiling  at  tttP  C.  (204.^0  F.), 
ttdhariug  a»|)eoifie  gravity  of  t).8'205  at  OO.  By  oxidlzulioii  with  a  mixture 
■finlphario  »«id  and  potassium  dicbromate,  it  ia  converted  into  propionic 
Hid. 

SarmnI  irropyi  Moritif,  r.II.ri,  boils  at  46.50  C.  (115.70  F.):  the  hromUle 
tt;<ia.:iO  C.  (J5tO-l59.SO  F.);  the  iodide  at  102°  C.  (215.(i^  F.)  ;  the 
">*.  (C,Hi)iO,  «l  b50-S(iO  C.  (185Ci-186,80  F.). 

PMndopropyl  Alcohol,  or  Secondary   Propyl  Alcohol, 

CHfOII,)  OH.— Tl.i>  lU.M.I.ol  i*  prepared  : 

I.  Krom  acrlmK,  (C())((-H,)„  by  dir.-ct  addition  of  hydrogen,  evoWed 
^  the  action  of  water  on  sodium  amalgam : 


H,C  CH, 
CO 


H,        = 


H,C  CH, 

V 

HCUO 


HMo  of  smlhmiin  affords  direct  proof  of  the  constitution  of  p««n- 
pTlir  al«>hol,  the  addition  of  the  two  hydrogen-atoms  being  tanU- 

jl'lo  the  replaoeraent  of  the  bivalent  radicle  oxygen  by  the  two  monad 

•Its,  hydrogen  and  bydroxyl. 

•  For  ihP  »lte  of  nlmpllclty.  the  equivalent  (JO)  of  oalolam  U  uied  xo  this  equa- 
'log,  loitead  of  tbe  atomic  wclgbt. 


{ 
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2.  I'leudoiiropyl  iudidv  h>  prnpartKl  hy  the  sotion  of  ioilinii  atui 
phorus  on   i/li/ecnn;    thin  io<lid<-   is  pnsiljr  converted  iiii 
ai'iilutts   by  trvatioi>nt  witli  gilvrr  oxalate  or  ucvtAtt* ;    w. 
tlii'gfl  flhcrs   lliu  ttlwliul  may  Iw  ulilaiiiwl   by  iliHlillatiioi    ti,<..    ,-.-, 
soda. 

Paoudopropyl  alooliol  is  a  cxitorlnii,  not  Trry  mnbila  liquid, 
ptwtUiar  odor,  n  s|>«'iftc  (jravity  of  tl.TWl  nl  15°  0.  (SlNi  y.),  Uulin 
til  S40  C.  (181.4-I.SH.a2  K.)  uudiT  a  bnroiuotrii;  pre8»iir<-  ivf  7H!>  mill 
not  frtx>iin|{  nl  — -(i*^  V.  (40  V.).     It  dw»  unt  aol  on 
wry  (lilfiuult  to  dry,  as  it  luixi's  with  water  in  all   \ 
with  it  Ihri'd  d«IIniti>  ami  very  8laliU<  hyilruti-s,  vi*..  ot  ,ii,".. 
at  7»Ci_j<(io  i;,  (172.-l^-l7tiO  F.)  ;  af.Ujo.H/t,  Iwiliiig  at  MiC'  . 
and  at',H,O.II,(),  iKuliii^'  at  HI-  C.  (\77.'>^  V.).     TIk-  ».-.x.n.l  •  .    .. 
draltvi  I'xiiihitii  a   very  ilose  reKriitblnncv  to  ethyl   nlcoliul,  Ua* 
pcriviita^j**  ccmiposltion,  ln>ilg  at  nearly  thtt  same  lem|M>rature,  and  | 
yields  neetio  auid   by  (ixidntiim  (m.w  Ih<U>w)  ;  moreover  it  r<«lain» 
of  hydration  so  obstinnti-ly,  that  it  dix';)  not  even  change  thl^  whlt«  j 
anhydrous  riiprii!  Hiilphate  t<-i  blue.     The  readiest  uuhIo  of  di«liii| 
b<*twei-n  this  hydratu  ami  ethyl  iiloohol  a  to  anbiiiit 'llu-m   to  til 
of  in<liue  anil  pho«>phorii>i,  whendiy  the  former  in  u>nverti!>i  inta\ 
propyl  iodide,  the  latter  into  etliyi  io<lide, 

The  ehnraeleristio  property  of  i>seudopropyl  alcohol  is  that  it 
aeetone  hy  oxidation  with  dilute  cliromiu  acid,  Ibis  traii»fanoatu<a 
thu  reverse  of  that  by  which  it  is  pro<lucml : 

H,C  CH,  11,1*  CH, 

V  +        0        =  V         +         11,0. 

HCOH  It) 

On  puBhing  the  oxidation  further,  thu  auotone  break*  up  into  ao-tir  i 
carlion  dioxiiie,  and  water: 

co((-n,),  +   0,  =   co(cii,)on   4-   CO,   +    u^. 

Acetuoc.  Aoello  acid. 

The  evolution  of  carlion  dioxide  in  this  renittion  alTonlit  a  further  i 
lion  between  hydraled  psendopropyl  nli«ihol  nnd  ethyl  nl'-''-' 

The  fonunlion  of  a  ket<ine  by  oxidulioii  is,  a>i  alri'OAly 
sential  chitrncturistio  of  a  aixxunlury  alcohol,  and  is  on  n 
quence  of  its  structure  (p.  558). 

I'seiidopropyl  nUviliol,  heaU«l  with  ac«>tio  ooid,  or  with  poUMalora  i 
and  sulphurio  aold,  is  converted  into  i»<>tdofirojiift  aettal;  CI1(CU,),*N?,|] 

PsKrnornopTt  lonini?,  ril(('H,),,  Ix  jnosf  convenivnilx  praparMl  hjrl 
action  of   hydriivlic  neiil,  ooaountrnti<d  and  in   largn  »>0M^  on  jtlyti 
(pro{>eDyt  aluohol)  C,ll,tli,: 

C,H,0,    +    8ni    =>    r,H,I    4-     311,0    4-    21^ 

The  iixUne,  an  fast  as  it  in  dj't  tree  liy  the  reaction,  may  h«  r«K»li»#r 
hydriodic  acid  by  meauH  of  phtxphnruH,  and  will  then  be  re:i/lv  !-■ 
another  portion   of  glvi-^Tin.     Tlic   in.lide  may  al»o   Iw   . 
action  of  by<tri>H{|c  acid  on  pseudoprupyl  alcohol,  allyl  i.  ■ 
pone,  or  propene  nloibol. 

I'seudopropyl  ioilide  i«  an  oil  Imlllng  at  8t»-!MlO  C.  (ITeO-lMP  F,> 
ha* '  :  V  of  1.7<'.     With  ntHium  In  provnor  of  i 

yici  .lid  di-ixopnipyl,  t',ll„  (p.  &UU).     ttnmimr^ 

the  ii«,,.,.  .  .,,,,,  ,,M„i-  I".  ijdnpr<ipyl  bromide. 

By  truatniiml  with  xinr  and  hydrochlorie  N«i<l,  which  «rolvM 
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.,jMu4oproprl  iodide  ia  oonvertod  into  propane  :  C,I1,I  4-  H,^  HI  -)-  CjH,; 
vsml  to  tlie  lution  of  ulilorine  iu  diffused  daylight,  i« 
lo  uoruui]  propyl  chluride  ;  this  c»iiipoiJiid,  lieatfil  with 
II  a<' ixt--  auil  itroiij;  actitic  a«id,  yieldii   uoriiial    propyl  avutat«  ; 
llic  l»tti!r,  lieatfd  with  potash-lvc  iu   aralt-d  tulwa,  yields    normal 
>pjrl   alcohol.     Thus  g«rie»  nf  riwctionii  alTords  u  gt'iit-ral  ini-thod  of 
rcTting  a  aecondarjr  alooliol  into  tUa  corresponding  uormal  primary 


TETRrL  OB  BtrrTL  ALCOnOLS  AXO  STnEBI. 


ory  indicates  the  existenee  of  foar  alcohols  inctaded  in  the  formula 
,  Itro  primary,  oni«  secondary,  and  one  tiirliary  ;  thus, 


Primary. 


H,C     CU, 

\/ 

CH 


H,C( 


OH 


SecoDdary, 
CH, 

CH, 

HCOH 


n,OoH 

I'topyl 
carDloul. 


Cllj 


Mcthyl-rthyl 
csrblnoi. 


TerUary. 

H,C     CH, 

\/ 

COH 

CH, 


earbiiiul. 


Propyl  Cvblnol,  or  Normal  Batyl  Alcohol 


(CHjCHjCII, 


-This 


•bnhol  is  ohtained  from  butyl  chloride,  C,H,C1  (prodiicwl  by  the  action  of 
chlorine  on  butane  or  diethyl,  CjH,,,),  by  heating  that  ihloride  with  jwtns- 
•ium  »iv..t»le  and  strong  acutiu  acid,  whereby  it  is  convert4>d  into  butyl  ace- 
tain,  and  trentin);  that  cuiu{>oiind  with  barium  hydrate.  It  may  also  bv 
ynpamd  (roiu  normal  propyl  alcohol,  iu  the  same  manner  as  the  latter  is 
•Kained  frutu  ethyl  uluiihol,  viz.,  by  successive  conversion  into  propyl 
vanidr  or  bulvronitril,  C,11,N  or  CH,('lI,t'H,.CN,  normal  bnlvric  aciil, 
CH/UjlUj.CtMJH,  butyric  aldehyde,  (.:H,Cll,CHj.COH  (prepared  by  heal- 
lii(!  *  mixture  of  the  calcium  salts  of  butyric  and  formic  aciils),  and  finally 
isto  ibe  alcohol,  CM,CII,Cii,,Oll,()H,  by  the  action  of  nascent  hydrogen  on 
Uld  aldehyde  ;  or,  lastly,  by  uonverting  the  butyronitril  into  bntylamine, 
('ill,,.N',  the  Utti-r  int<i  butyl  nitrite  by  the  aotion  of  nitrous  acid,  and  dis- 
witiig  the  nitrite  with  an  alkali. 

.Normal  butyl  alcohol  Ik.iU  at  115°  C.  (23!10  P.),  gmella  like  isobutyl 
»lo)hol.  ii  much  li):hter  th.in  water,  sliphtly  soluble  therein  ;  with  iodine 
"xi  phosphorus  it  yiebU  normul  butyl  iodide,  boiliu);  at  1270  ('.  (liiid.liO 
'■)'    Oxidation  with  dilate  chromic  acid  converts  it  into  uuruial  butyric 

•«i  ch/;h,ch,.cooh. 

1,  f  •'  !!,,  .—This  va- 

(nll 

I*!/  of  primary  butyl-alcohol  was  found  by  Wurti  in  llie  fuHel-<ii)  obtained 
'yfBTroenling  the  molasses  of  beet-root  sugar.  To  separate  it.  this  oil  is 
'Itimitted  to  fractional  distillation,  and  the  liquid  boiling  between  108O  0. 
'2i8.42  P.)  and  1180  C.  (244.4'^  V.)  is  repeatedlv  rwtiBcd  over  potassium 
*Mroxide,  till  it  boils  constantly  at  llOO  C.  (23()0  F.). 
I'ar«  isobutyl  alcohol  is  4  colorless  liquid,  baring  an  odor  aomewhat  Uka 

49* 


bopropyl  Carblnol,  or  laobntyl  Alcohol, 


i 
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that  of  rnnyl  aU-oliol,  but  )ra8  piingput,  imd  more  vinons:  cpeciflc  gnri 
kO.»();{2  at  lK.r>0  C.  (.lib.ao  v.).     it  <lUsolv>>»  in  I«i^  tiinm  it«  weight 
water,  aud  ia  si^|iiirati-<l  tlicrufrom,  as  an  oil,  bv  valdiiin  cliloridr,  sudli 
ohloriile,  and  utli«r  soluble  salts.     By  oxidation  it  is  ouuvrrt«<l  into  isob 
tyrio  acid,  CiK<:U,),.COOH. 

Uobutyl   alcohol  is  nvtvd  upon   b^  aoida  and  ottier  cbumfral  n>a;^ 
much  in  thti  saiuf  uianiier  as  coniruon  alcohol.     With  strong  tulplmrict 
it  yields    isobu  ly  l-sul  (ili  u  r  iu    uoid,  (l',lI,)llSO„    if   the  mixtun 

kept  oool,  but  on  heating  the  liquid,  isobutene,  ij',  .^  C  ~  CH,,  is  giren 

niixiHl  with  sulphurous  oxide  and  enrtion  dioxide.  Ueat^^  with  hydreM 
acid  in  a  sealtMl  tut>e,  or  treated  with  pfnispJtorun  pentachloride  or  oryeMtH 
it  is  convertetl  into  isoliutyl  chloride  or  chloro-isobu tal 
(CU])]('H — ('H,C1,  an  ethereal  liquid,  having  a  {tungeiit  oilor,  ami  boil 
at  7l»^  C.  {l,'is'3  F.).  Isobutyl  bromide,  C,H,lir,  oljiain.-d  in  I 
manner,  boils  at  8'.lOC.  (1U2.23  F.),  the  iodido,  (',11,1,  at  1210C.  (iWi 
¥.).     The  iodide  is  ducoiu|>osed  bv  potassium  or  sodium,  yielding  iso- 

(CU,),C11-<I1„ 
tauo  or  iso-dibaty  1,  I         a   limpid    liquid,    lighter   C 

(CI!,),CH— tH„ 
water,  aud  boiling  at   105O  C.  (2210  F.).     Thp  sam«  hydrocarbim  is 
Ittiuetl  by  the  electrolysis  of  ordinary  valoriu  acid,  CjHi/i,, 


(  CH. 
(  01 


Methyl-ethyl  Carblnol,  <>r  Secondary  Butyl  Alcohol,  ( 

'  OH 

This  alcohol  is  obtained  from  erythrito,  a  saorharine  8u>istAnc«  liarioj; 
composition  of  a  t<:tratomio  aleolml,  (.'jll|„(*„  or  C,H,(OIl),.    The  eryllil 
distilled  with  fuming  hydriotlte  mid,  yields  melhyl-ethyl-iodoMiethanf^ 
secondary   butyl   iodide,   C(t"Hj)(<'jH5)llI,  luul   this  liquid,    trtsatud  i 
moist  silver  oxide  is  converted  ixito  methyl-etliyl  c&rbinol  : 

C(CH,)(C,Hj)HI  +  AgOH  =  Agl  -f-  C(CU0(C,H,)UOH. 

Methyl-ethyl  carbinol  is  a  colorless  oily  liquid,  having  a  strong  odor 
burning  taste,  a  specific  gravity  of  0.85  at  (lO,  and  iHiiliug  at  HSQ-.tl* 
(2(j:)Ci-2ti8.40  F.)  (ahiiut  2(P  C.  (3t>o  F.)  lower  than  thp  normal  prim" 
alcohol).     When  heate.1  at  250°  C.  (iS-JP  ¥.),  it  is  for  the  most  part 
solvLil  into  water  and  butene:   r,H,„t)  =  H,0  -f-t',!!,. 

Milliill->-thiil.iuii(,mflhanr,  or  Smiiiliiri/  tiulifl  iiMiiilr,  prepared  as  al»r<s 
by  the  action  of  strong  hydriodic  acid  on  the  aU^diol,  is  a  liquid  havinj 
pleasant  ethereal  oilor,  a  specific  gravity  of  1.0.12  at  CC",  l.lMKI  at  i<i3 
(flS-  F.),  and  1.S84  at  SfO  C.  (8BO  F.).     It  boils  at  lll«0  C.  (2+I.4C'  r 
Bromine  decomposi^i  it,  expelling  the  Iodine  and  forming  butenedibronil 
C.H.Hr.^.     When  dLstillo<l  with  alcoholic  potash,  it  givos  off  buteue.    1 
t«>niIenoy  to  give  off  the  corresponding  oleflno  is  characteristic  of  all 
■ewnilary  alcohols  aid  ethers,  as  will  bo  further  noticed  in  connection 
the  flve-carbon  compounds. 

Trimethyl  Carblnol,  or  Tertiary  Batyl  Alcohol,  C  |  ^^'\  !• 

duced  by  treating  zinc  methide  with  carbonyl  chloride  (phosgene  ga») 
acetyl  chloride,  and  submitting  the  product  to  th«  action  of  water. 


2C(X?I, 

OArhnoyl 
Cl>)oride. 


ZnfCH,), 

Zlno 
nellitde, 


ZnCl, 

Zlnx 

Ohio  ride- 


2COCH,a 
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ICH,n      +         Zn(CHJ, 


+ 


Zins 
metUlile. 

HOH 
Water. 


s        ZnU 

Zine 
oxide. 

=-        UCl 


+ 


+ 


Tiinictliyl 


luriUr. 

CI 
Jineihyl 
loaictliitDe. 

Qr  bUo  be  fonur<l  from  i\\«  priinnry  isnalcoliol  by  the  fi>lli>wiiig 
prooeMes  :  (1)  TUu  alcohol  lrunU-<l  with  siil|ihuric  acid,  or  otlii-r 
iting  ugent,  yiclda  isohuteii",  L',lls. — (*)  This  nh'tiin',  trt'ttlwi 
«mg  hyilriixiic  acid,  yields  tt^rtiury  liulyl  iodide,  llu'  i<"liiu'  nttach- 
U  to  the  carbon  atom  which  is  not  in  direct  coniliiiiHtiun  with  hy- 
>— (3)  The  io<lide  treateil  with  silver  oxide  is  oonvi-rted  into  the 
alonhol.  Tho  serien  of  traiufonuations  U  represeutvd  by  the  fol- 
(>ruiul»  : — 


Ittobutene. 

(ch,),(((>H)-(;h, 

Tertiary  Bulyl  alcohol. 


(CHj),CH— CH,OH 
laobutyt  alcotioL 

(CI1,).CI— fH, 
Tertiary  Butyl  lutliile. 

Ithyl  carbinol,  when  p<'rfectly  anhydrous,  crystallizes  in  rhombic 
or  uWea,  melting  at  25.,^o  (.'.  (77.30  F.).  'i„  tj„,  IKiuid  state  it 
>«;Uio  gravity  of  (t.77»8  at  30O  C.  (86©  F.),  and  fn-ila  nt  82.50  C. 
v.).  It  niixeti  with  water  in  all  proi>ortionH,  and  likewise  forms  a 
hydrat*.  2<.',H,<,i1.H,0,  which  orystalliies  in  a  rrcciing  mixture, 
Is  without  dnx>iii|H>sition  at  8(i^  C.  (17tP  F.).     By  oxidation  with 

I  acid,  triuiethyl   carbinol  is  resolved  into  acetic  acid  and  acetone, 

r  with  a  small  quantity  of  isobutyric  acid. 


^ 


PDITTL  ALCOBOU  AVD  BTHEB8. 


monU  C,H„0  may  include  eight  different  alcoboU  :  four  primary, 
oaaiMrj,  and  one  t«rtiary,  rii. : — 


ir.o 


(rH^H,CH.CH,       (OH,CH(CH,),     (  OH  j  {^g'*^"»      (  C(aH^, 

C       g  C      ?{                      C      H              •         O      g 

(OH  (uH                (ga                (oh 

Butjrl  earl>l aol.  laobutyl  earblool. 

/CH.CH^-H,  (CH(CH^ 

fuH  (i)H 

Methvl-propyl  Mrt.hyl  inapropjrl 

carblool  eaibluol. 


and 


(  CR,('H, 

Diethyl 
earblnoL 


i   c 


/CH.CHjJ 


ietbrl.etbyl  carblool. 
are  known,  vix,,  the  firat,  teoond,  fifth,  sixth,  Mventh,  and 


Btoc  a 

n  Carblnol,  or   Normal   Primary  Pentyl  Alcohol. 

r~"' ■"■ 
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M  the>  latter  from  normal  propyl  alcohol,  rix.,  bj  fueceativ*  OQortn 

hitolnity!cvania.sCH,CM,rH,(-H,.r.V,  iioriiiaUal.ri  ■  •  "  ■  ■■  r}S 

COOU.vnli'ricaWfhytU-,  CH,t;il,CII,f'H,.(  <»ll.«iiil  '■ 

CH,.t.ll,<)ll.     It  is  a  liquid    boiling  at  i:<6-  C.  (-7-     . 

Ui(;lic!r  than  isopvntvi  alculiul.     Thuclilnride,  broiuide,  .  t| 

obtained  from  it  boil  at  higlicr  t4.<m{»iratur>w  thau  the  > 

pent>'l  oompouudii.     By  oxidation  it  jridd^  noruuU  vslenu  «>iiii. 

iBobatyl  Carblnol,  laopentyl  Alcohol,   or  Amyl  Aloobo^ 

Cll  \  /,'|i'-      •  — TUiH  IB  the  onliu.iry  aui/l  alcohol  prolucod  \>y  f»fu 

talioM.     In  the  maiiufacturu  of  brand/  from  w>rn,  ]K)taUH.>«.  or  th«  ma 
grapvs,  the   ethyl    alcohol  is  found  to  be   uccorap.iin.-.l    hv-  an 
liquid  called  Jivfrl-ail,  which  ia  very  difficult  to  s.  , 
the   ethyl    alcohul.     It   passia   ov«r,  however,    in 
l4)ward!<  the  end  of  the  distillation,  and  may  bv  rolb.Ktvd  itpiut,  woali 
«i;ltation  with   several  suocossive   portions  of  water  to  fri^  it 
alivhol,  and    ruMlistilled.     The    liquid    thus  obtaiiu-d    >'  ||^ 

Binyl  alcohol,  Boineliiii>«  mixed  with  propylic,  hulylic,  ;i : 

The  aniyl  alcohol  may  be  obtained  pure  by  frrv  '■ '    ' 

lion  v»liirh  passes  over  iM'tween  12b-' and  !:■- 
being  eollect«l  apart.  I'olato  fii8>'l-oil  con- 
and  nmyl  alcohols,  the  latter  constituting  the  greater  quantity  . 

Amyl  alcohol  is  an  oily,  oolorli-ss,  mobile  liquid,  havliip  •»  [..i  iil;»r  < 
and  a  burning  aiTid  taste.     Its  vapor  when   inhahHl   yt     • 
and  oppression  of  the  chest.     It  hii8  a  specillc  gravity  oi 
Iwils  at  VMP  C.  (2(jU^  F.).     When  dropped  on  paper  it   luiuui 
slain,  which,  however,  disappears  after  n  while.     It  ia   ni«l    p^r 
soluble  in  w.<iter,  but  float.s  on  the  surface  of  that  liquii) 
liion  alcohol,  ether,  nntl  various  essential  dIIh  di^Holve  it  ' 

Amyl   .tlcohol    uaunlly  exerts  a    rot.itury  action  on   pt.l,   ._    .    ..,;hV,  I 
the  rotatory   power  varies  considerably   in  dlllerent  gample*.     I'Mk 
inileod,  has  shown  that  ordinary  amyl   alcohol  is  a  mlxttiro  i.f  t« 
nieiio  alcohols,    having    the   sanio   v»|>ir-densily,   hut    •'■ 
optiral  propiTties,  one  of  them   turning   the  plane  of  p 
rijtht,  whereas   the   other  is  optically  in.'utive.     They 
oinvertiny   the  crude  amyl  uIcoIkiI    into  nniylaiilphtiri 
with  barium  carlionale,  and  cryslnlliiting  the  barium  a: 
forme<l.     The  salt  iditained  from  tlie  octive  amyl  ah-oh"! 
Bolnblt  than  that  nbtain<vl  from  the  inactive  alcohol,  aii<l 
latter  cryslallixes  out  first ;  and  by  preciplt.-itinx  the  barium  from  t 
tiou  of  wither  salt  with  milphuric  ai'id,  and  distilling  the  aniyUi) 
acid   thus  M'parateil  with  water,  the  corresponding  amy!  alixiha 
tained.     The  difference  of  optical   character   Ix'tween  the  two  ah 
which  is  traceable  through  many  of  their  derivative-! — 1: 
factorily  explained  :  but  it  perhaps  di'pciids  u^xin  the  m 
molevules,  rather  than  u|>oii  that  nf  the  atoms  withiii  ii 
the  other  hniid,  it  is  isissible   that   the  active  anil  iim<  i 
ouutain  dilfereiit  radicles,  iis  in>tii'altf<l  by   the  svcuml,   i<  <  i 

formulie  of  primary  amyl  hIiviIihU  alsive  given. 

Vapor  of  nmvl  sliv<h>>l  pnssiil  through  a  red-hot  tnbe,  ylelda  •! 
of  elhi'ii'  >iid  iso|>cnleiie  or  amylune. 

Amyl  Ir  mid  ImriiH  with  a  blue  llain«.     WWnI 

lib  pliitiiiiim  black,  or  ireateil  with  a  auxtn 


of, 


r]  dilute  aulphuriii  acid,  it  ia  uxldliad  tu  \mtn»itt*  |.| 


■U. 


Atayi  kloohol,  b«at«d  u>  2300  C.  (4280  f.)  with  •  mUioiv  of  . 
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*,  is  oonrerted  into  potassinm  yalerate,  with  evolution  of 


+     KIIO 


CjH.KO,    +     20,. 


.  And  Modlvm  dissolve  in  amyl  aU-ohol  as  in  ethyl  alcohfil,  yield- 
mpound*,  CjH„KO,  and  CjIl„NaO,  which,  when  treatwl"  with 
•.yield   amyl  oxide  or  nniyl   ethrr,   (t'jll„),0,  and  with 

kathyl-aniyl  oxide,   (t',Hj)(t'jU, ,)!.>. 
^  npon  amyl  alrohol  kh  u^Kin  otiiyl  alcohol  (p.  5U4),  excrpt- 
■Qy  remuvet  only  fuur  atoms  of  hydrogen,  instead  of  fivu : 


Aioyl  alcohol. 


3ri,     =     4HC1     + 


L'hloraDiylAL 


oohol  is  acted  upon  by  acids,  like  common  alcohol,  yielding 
hen  mixed  with  strong  W/jMo/c  arid,  it  is  converted  into  aiiiyl- 
icid,  (CjH„)USO, ;  anil,  on  distilling  the  mixture,  amyl  oxide, 
passes  over,  together  with  amyleue,  and  several  other  hydro- 

{r  11  CI 
,',..'.    ,  is   pre- 

istilling  e(|UAt  neif;lits  of  amyl  almhol  and  pluiHpiiuruB  ]>enta- 
a:ihinj;  the  prixluvt  repeate<lly  witti  ulkaliiK^  water,  aud  rectify- 
calcium  chloride.  Less  pure  it  raay  lie  obtained  by  saturating 
ol  with  hydrochloric  acid.  It  is  n  colorless  liquid,  of  agrecablu 
ler,  insoluble  in  water,  and  neutrni  to  lest-paper :  it  lioils  at 
l5.tjO  F.),  and  iftnites  readily,  buriiiiiK  witli  a  flame  green  at 
By  the  long  continued  action  of  chlorine,  nidwl  by  jKjwerlul 
t  is  converted  into  octoch  lori  n  ate  d  amyl  chloride,  ur 
■  ropentane,  Cj!I,Cl„  a  vol.itile,  colorless  liquid,  smelling 
lor :  the  whole  of  the  hydrogen  has  not  yet,  however,  bet-ii 
The  ftromirfe,  CjH„Br,  is  a  volatile,  colorless'  li({iiid,  Itcnvier  than 
ing  at  1190  c.  (a4ti.20  F.).  It  is  obtniiieil  ly  distilling  amyl 
,h  bromine  and  pliosphorus  (see  Etliyl-bromide,  p.  5Ult).  Its 
letrating  and  alliaceous.  The  bromide  is  deo<imposed  by  an 
lution  of  potash,  with  reproduction  of  tlir  aliohol  and  formation 
m  bnimide.  The  indidr,  Cjll,,!,  is  pre]inr«l  by  di.itilliiig  a  mix- 
Mrts  of  amyl  alcohol,  8  of  iodine,  and  I  of  pliosphorus.  It  is 
hen  pure,  heavier  than  water,  volatile  without  decomjiosition 
(284.80  F.)^  and  in  other  respe<ts  resembles  the  bromide:  it 
ivomjiosed  by  exp««ure  to  light.  Heateil  to  2!UfO  C.  {&54C'  F.) 
tulK-s,  with  zinc,  it  yields  decane  or  diamyl,  ("lo'In,  or 
,  a  (xdorless  ethereal  'liquid  hoiliiig  at  1550  C.  (3110  F.).  At 
me  tliere  is  foruied  a  compound  of  zinc  imiide  with  zinc  amylido, 
which  is  deociuiposisl  by  contact  with  water,  yielding  xinc  oxide 
«  OT  amyl  hydride  (p.  4&i))  : 


Zn(C,H„),    +     H,0 


ZnO    +     2C,H„. 


IBB,  (('jH„),0,  ohtained  by  the  processes  already  mentioned,  is 
oily  liquid,  of  cpucilic  gravity  0.779,  and  boiling  at  17tjO  C. 

puPRir,  or  ScLPHAMTMC  Acid,  (C,n|,)IISO„  or  C,n|,(080jH). 
■u  salt  of  this  acid,  (C,ll,,),Ba(SO,j,2Aq.,  i)repared  like  the 
■t«  (p.  573),  crystallizeH,  on  evapornting  the  solution,  in  :<umll 
early  plates;  the  ditference  of  solubility  of  the  sails  prepared 
JXy  «cti7e  and  optically  inactive  amyl  alcohol  baa  already  been 
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mi'iitionod.     The  barium  may  be  proripiUlud  from  lUe  salt  bjr  dUato 
phuric  acid,  and  the  sulpharaylio  acid  conwntrati-d  by  S(h.>iii,i! 
ration  to  a  syrupy,  or  uvuu  crystalliue  stata :    it  Ua»  au  a<  i 

taste,  strongly  rt'ddt-ns  lilmus-pnprr,  aiid  is  decoiiiposwl  by  1 1- . 

amyl  jiloohol' and  siilpliuric  aci.l.  Thv  pota^isiuui  salt  foruu  groups 
Bmall  radiating  nuedlra,  very  soluble  ill  water.  TUo  sulpbaniylat<a 
calcium  and  luad  are  also  soluble  and  crystallizablo. 

Amyl  hydrosulpUido,  Cjll„Sll,  and  Ainyl  sul  phide  (C,Hp) 
resumblu  the  etbyl-oompounda  la  tbuir  |>rop<.'rties  and  reaotioas. 

Fiisel-oU  of  Grnin-s/iiril. — Tl>«  fnsid-oil,  separated  in  large  quantitinfti 
grain-spirit  by  the  L<mdon  rectifiers,  consists  cbielly  of  aiuyl  ulixdiol  mil 
with  ethyl  alcohol  and  water.  Sometimes  it  contains  in  addititm  mui« 
less  of  the  ethyl-  or  aniyl-C4>mpotinds  of  vertain  fatty  aoidit  thought  ta 
identical  with  icnanthyliu  and  palmitic  acids.  These  last-namnl  sulataiM 
form  the  principal  part  of  the  nearly  solid  fat  produc<^l  in  this  maiin«r 
whiskey  distilleries  c'ouducte<l  on  the  old  plan.  Mulder  has  disorili 
under  the  name  of  curn-nil,  another  constituent  of  the  cruile  fusel-oil 
Holland  :  it  has  a  very  powerful  odor,  reseniblinj;  that  of  some  al 
umbelliferous  plants,  and  is  unalfeuted  by  solution  of  caustic  pot 
cordins  to  Mr.  Rowney,  the  fusel-oil  of  the  .Scotch  distillori<-«  coi 
adiliticin  a  certain  quanti^  of  capric  acid,  r,i,H«0,.  Amyl  ali 
afldition  to  isobutyl  alcohol,  has  Ix^ini  separattHl  from  the  spirit  dlsl 
from  beel-molasses  and  from  artiHuial  grape-sugar  made  by  the  aid  of 
phuric  acid. 

Propyl-methyl  Carblnol.  ll().UC<;^J|«^°i^"»  ,  or,  C,H.r-CHOH. 

Cllj. — Tliis  secondary  alcoliol  is  produced  by  decomposing  propyl-moti^ 
kpU>nfl  (olittiined  by  distilling  a  mixture  of  calcium  butyratu  and  acetd 
with  water  and  sodium  amalgam  : 

C,H,— CO— CH,  +  H,  =  C,H,— CnOH— CH,. 

It  is  a  liqcid  smelling  like  ordinary  amyl  alcohol,  but  li'ss  pnnpsnt;  U 
at  120-3  (;.  (24sO  K.) ;  has  a  sfiecific  praVily  of  0.S25  at  00;  i«  oxidimd 
potassium  perman^'anate  to  ]iropyl-mcthyl  ketone. 


,  alao  called 


laopropyl-methyl  Carblnol,  HO.HC<^{|.^*^"»^« 

{I] 
I  III  . — riiis  U  a  Beoondary  alcohol  produced 

amylene,  C^Hiy,   by  wjiuliiriing  that   substance  with  hydriodir  add, 
decomiKising  tliu  resiiltinj^  hydriixlide,  C,H|„.HI,  with  moist  silver  o: 
ft       whereby  silver  iodide  and  amylene  hydrate  are  obtained  : 

1  C11(CH,),  CHCCn,), 


C11(CH,), 


and 


CU, 
CH(CH^, 

CHI 

CH, 


+ 


n  cm 

U)      ~     CH, 


-f-     AgOH 


Agl      + 


A  portion  of  the  hydriodtdc 
erolrttd  in  the  reaction,  " 


CH(CHO, 
CHOH 

Is. 

is  at  the  same  time  rnsolvod,  by  tho  h« 
hydriodlc  acid  and  amylene;  and|On  «nh 
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the  resulting  Uqald  to  fractional  distillation,  tlie  amylcne  pasioa  over 
,  aad  tlii-u,  Lwtweeu  1U60  aud  1U8<^  C.  (-^l-2;!ti.-lP  r.),  tliu  ani^lune  , 
nVa  ut  ifsuprui>j'lmetliyl  carbinol. 

^-  '  .  :-  a  liquid  having  a  speciflc  gravity  of  0.829  at  OO,  and  a 
ki^i  il  ixior,  quit<^  diKliuut  from  that  of  ordinary  auiyl  alixihul. 

leu  ~..^  ^v.oug  tutphark  utul,  it  is  «)UViTt<-d,  nut  into  auylNuljiUuric 
,,  but  into  liyilrucarLiuua  polyiui-rio  with  ainyleue,  viz.,  diaiuyleuo,  or 
ine,  C,,Hy,  auil  triaiuyleuc,  or  pc-utadt'ci-ue,  t-'^Hj^  (p.  505).     Uydriixlic 

oourarto  it,  at  ordinary  t«^mptTatur«i,  into  ouiyli-ne  hydriodide,  C^ll,,. 
boUing  at  iiKP  C.  (iUiiO  K.>,  aiuyl  iodidi-  at  14gO  c.  (2!t4.ttO  v.).  lly- 
U*ri«  imW  ouiivcrts  it  C'Vi'U  at  0^)  into  amyli-ne  hydruuhluride,  CjH,,. 
tttating  a  builing  point  lU^  bt-low  that  of  amy)  t-hlorido.  Un  mixing 
Ith  two  atoiua  of  bruminn  at  a  very  low  temperature,  a  red  liquid  is 
led,  which,  am  xixiu  ail  it  attains  the  ordinary  temperature  of  the  air, 
■i>lvnl  into  water  and  amylene  liromide.  Ueate<l  for  «om«  time  tci  l(l(P 
» »trong  «r<*(V  ociV/,  it  yiiddn  umyU-ne,  together  with  a  KmaU  ijuniitity 
niki.'i..'  ...tate.  .SWiuM  di«solvi-s  in  amttlene  hydrate  with  evcihition 
IV  ruing  a  odorless  translucent  mass,  whieh   has  llie  conipo- 

>n  '  ..  'il.  and  is  decomposed  hy  ajuylene  hydriodide  iu  the  manner 
vn  t>y  lite  etiuatiou : 


^NaOH     -f- 
I  eompouoU. 


CsH  ni   = 

Auiylene 
byiirioillilc. 


Amyleae. 


CjH,.H(OH) 

Atnyleue 
Sijrurste. 


+     Nal. 


i  thrae  roactiona  it  is  apparent  that  amylene  hydrate  or  isopropyl- 
^1  carbinol  is  es|K'cially  distiuguishei  from  the  primary  amyl  alcohols 
Be  fki:ility  with  which  it  gives  up  the  corresponding  oleline.  This 
ily  i»  nxhibited  also  by  all  the  secondary  alcohols  of  I  ho  series. 
I  alcdboU  may  imii-eil  be  regarded  as  interrae<lialr'  links  lielween  the 
Iry  monatomic  alcohols  aud  the  diatomic  akohols  or  glycols,  o.  g.. 


CjH„(OH) 
Amyl  alcohol. 


Amylene  hyilrate. 


•■'»"'»  t  OH 
Amylene  glycol. 


iyl  Carbinol,  TjH^ — CUOH — r,Hj,  is  proiiuct«l  by  heating  ofhyl 

with  ethyl  icxiide  anrl  gruniilatetl  jiino,  and  deiiiiin[K)*ing  the  yro- 

1th  iie-iidd  water.     The  action  of  tlio  zinc  on  the  ethyl  iodide  pro- 

ixinc-ulhyl,  aud  tkiii  reacta  with  the  ethyl  formate  according  to  the 

;  equation : 

|.OC,H.  +  2Zn(C,H.),  -  HC  {  (^;^",.>^^     +  Zn  {  [jA  ^  ; 

1  trsAting  thii  prodnot  with  water,  tlie  compound,  HC  j  yJnAh    '^ 
I,  Tielding  diethyl  oarbinol,  together  with  tino  hydroxide  and 

■{SX  +   2»--'»  =  nocii{[:A  +  zn(on,)+ c,.t.. 

ulna]   re«nlt  is  the  replaw-ment  of  the  oxygen-atom  of  the  group  HO, 
tannic  acid.  HCO.OH,  by  2  aloma  of  ethyl. 

ithvl  carbinol  is  a  liquid  which  smells  like  amvl  alcohol,  has  a  spe- 
aVily  of  0.8:12  at  0°,  and  boiU  at  llt)-l  17°  C.  (34(i.ft-242.(P  F.).    By 
k  with  chromic  acid,  it  is  converted  with  diethyl  ketone,  CO(C,H,),. 
ooding  iodide  boili  at  145°;  the  acetate  at  132°.* 


raf  acr,  l.leblg'i  Aanalen.olxxv.  3tl;  Ohem.  Soc.  Journ.  IST6,  p.  MT. 
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Ethyl-dimethyl  Carbtnol,  nr  Tertiary  Amyl  Aleohel, 

C  <  (t'H,),  ,  ia  prepared  like  tertmry  bntyl  alcohol,  by  Imtiac  I 

(.)U 

Uiiiie  with  propionyl  cbloriilc,  C,II,On,  a.iiti  <lc<mii|iaelBf;  th»  fimda 
walvr.      It   siuflls   v«ry  much    liki-   U-rtiary  butyl    alonhoi.  IvM  • 
gravity  ut  O.VM  at  (P,  solidifies  to  a  crystalliiM  noaai  at  — 30^  C.| 
¥.),  boiU   U'twet-n  9S.5J  and  lOOO  C.  (a0!t.3O  and  gijo  F.).  an. 
»>Udirr  at — 17'-' C.  (1.40  K.).  but   mcrcl v  lx?«x>ni«    ri»ri<l.      V< 
«ltll  dilute  cliroiiiic  acid,  it  ,vicld9  liiitirui^>  tnit  aorlw  a/rtd. 

The   boiling  points  of  the  six  knuwn  |»'Utjrl  a)a>boU   lie<Mib- 
loMrj.  from  lh<?  norinal  primary  to  the  tertiary,  a*  Vlmij  struclurr  I 
nioiv  i-oiMidi'X  ;   tbua — 

BolUa«  Polat. 

'  Butyl  carbinol         .         .  .          137- 

iHohut.vl  carl>iaol     .         .  I2t!^^13aP 

'  I'rop.vl-midliyl  cnrbinol  .  W^-ii^ 

ScGondftry,      {  Diotliyl  larliiDol      .         .  >J 

^liiO|)rop_vl-niotliyl  carbinol  ^i 

Tertiary,           'litliyl-dimethyl  carbinol  ■-'I 


I'nin 


■xm.  abCOBOLa  airo  irsKBa. 


Tke  aomber  of  pcnibli-  nindificntionH  nf  itn  alcohol  increaxra  ' 
•nwber  cf  carbon-atiiiu-s  in  its  umlcL-ular  formula.     Thu!«,  h.    h.W 
thill  thi-r*  may  Iw  two  propyl  alcohoU,  <',ll,0,  four  butyl 
ami  richl  amvl  nlmhoU,  CjH|,(>.     Tlu>  six-cnrlHm  fonniil 
like  ma^.^  lul  to  inrludn  Hcvvnteen    isomrrio   nl' 

mary,  six  > .  nod    llirue    tt-rtiary  ;    but  as   thi-    -.• 

llw*  IBwiKOMaiiiMoi  arLsi'  has  Ux.'U  sufflcit^ntly  cxplaiuml  m  mc 
paces,  Um  fkirtktf  dcvt'lopmi'nt  of  the  thcorotiual  formula  ta*y 
»a  Mcetaiw  fcr  the  student. 

Tbe  numU-r  of  modlfiralionii  of  thv  8ix-carl)on  alcohol  arttinlly  ki 
*(||til -.    eif  whirh  two  art'  primary,  Ihrro    geooudary,  and    (he 
Ikree  tertiary. 

Frimary  Bezyl  AloohoU,  <  «H„(nn).— TIih    oorraal    alej 

Ca,XHrl'IJ,.ni,,rH,.cn,OH.   or    F1,C  I  ^^J'"^^"  ,  IB  obtali.#4 

•asMtUa)  oil  nf  Urmelnim  iiii/iinlritm,  whii-li  is  a,  nilxtum  of  hcxyl 
•ad  ortyl   axvlatp.     The  °hi-xy1  and  onlvl   alcohols  am  iKoI.it.^t    t,v 
posinc   the  oil  with  abxiholic  (Kitosh,  and  scparatol  by  i'  i 

Tbf-  brKvl  «liv>h'i|  thus  oliiaiuixl  has  a  strong  aro:i 
I     (7:i.4^  F.),  and  boils  at  i 
'  nproio  acid.  ('„tl„<),.  haTi: 

'   ..    •!•"■.  !-■    p.),                           ' 
lis  a  heavy  colorlnns  I 
'fr-  .lu.<',»V»,.  has  .%  phu. -.  I 

In  ;...h..l  In  ohtftln.-l.  1"v'"lh.'i' wlTli   Imtyl  uvllivl  .utfM 


ilk   siltut   avt'Latv,  Oiid   dislilliu^   tliu   m-lUIc  «iUi   puta^U^ 
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re  of  klootiols  thus  ubuinml  cannot  be  wiinplptoly  «eparat«d  by  frac- 
,ii_., II  ..,.,„,  but  it  yields   by  oxidation  the  corresponding  products, 

:'>ic  acid  and  niethyl-liutyl  ketiiue. 
;_  ,  :!    hexyl    Hltfilidl  i«  oliUiiii**<l,  nc(v>rding   to   Rossi,  by  the 

of  sodiuin-auialitaiu  and  water  on  normal  oaproic  aldehyde. 
tber  primary  hexyl  alcohol,  boiling  at  almut  ITiOO  C.  (3()2<^  F.),  and 
»g  cApruic  arid  by  oxidation,  was  found   by  Paget  in  fusel-oil.     The 
MUts   respoctiug  it  are  not  very  exact,  but  as  it  is  produced    bv  fur- 

:  .  .OH 

Uoo,  it  is  probably  the  isop rim ary  alcohol,    RC 


£80 

frac-   ^H 
nets,    ^^ 


■Jdi, 

(CH, 


ondary   Hexyl   Aloohola. — I.  Methyl-butyl   Carliinol, 

<^,lj  •  ,  diduuvered  by  Wanklyn  and  Erienmeycr,  is  produced  by 

g  mannite,  C,n„0,  (a  saccharine  body  obtained  from  manna),  with 
t  tixofga  of  very  (itr\ing  hydriodio  acid,  whereby  it  is  converted  into 
mty  Uexyl  iodide ;— 

C.H,.0.    +     11  ill     =     C,H,.I     -f     6n,0    +     I„; 

•ting  this  oomponml  with  silver  oxide  and  water  : — 

C,HuI     -f     AgHO     »     Agl     +     C,H„0. 

'I-bntyl  carbinol   is  a  viscid  liquid,  having  a  pleasant,  rcft^shing 

boils  at  137=  0.  (278.6C'  F.);  hiw  a  sp.  gr.  of  0.8327  at  (P.  0.8209 

!.  (60.8°  F.),  and  0.7422  at  sg'^'  C.  (210.2°  K.),  no  that  it  expands 

rapidly  by  beat.     Strong  hydrochloric  acid  converts  it  into  the 

ing  chloride,  CIUC<[/,"»  ,  which  boils  at  120O  C.  (2480  P.), 

kids    hexene  when   digested   at  lOOO  with  alcoholic   potash.     The 

(oils  at  lfi7-168'^  C.  (3.S2.<>-;«4.40  p.). 

Icohol  in  converted  by  oxidation  with  a  mixtnre  of  potassium  dichro- 

|d   anlphurio  acid  into  mcthyl-bulyl    ketone,  f'C''<0'H  '  ' 
■when   further   treated  with  the  oxidizing  miztnre,  yields  acetic, 
!,  Mid  normal  butyric  acids. 

elhyl-katabntyl    Carbinol,  HO.nC<^.[j^"*)"  .alsocalled 

fl  alenhol,  is  formed  by  the  action  of  nascent  hydrogen  on  pinacolin 
It  solidities  fit  low  tenijterntures  to  crystals  which  melt  at  -(-4'^('. 

p.),  Uiils  at  120O  r.  (24!>o  K.),  and  has  a  specific  gravity  of  0.ti34. 

ntidizeil  by  potassium  diihroniate  and  sulphuric  acid,  it  is  converted 
thy  l-katabuty  1  ketone,  t'Hj — ('tl — ('{f'H,),,  which  splits 
rther  oxidation  into  cartwn  dioxiile  and  trtinethylacetic  acid. 

Uhyl-propyl    Cnrbinol,   HO.IIC<^{]'[!{{'*'"»  ,  also  called  i/fx- 

mtt. — Tlie  iodide  analogous  to  this  alcohol  is  prepared  from  diclilor- 

Sde,  O'^S',;'    *  ,   by  aoocessive  treatment  with  lino-elhyl    and 

Uo  acid :  thus : 

cn,a 
cnc\  + 


into 

4 


CHj.CjHj 


2z»<^;n: 


Of'^H, 
DIclilorethyl 
oxide. 

Mo 


ZlDO-elhj'l. 


2Zn 


ZlncetliTlo- 
otiloriue. 
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CH.C,n.      +     2HI      =     inC<^^'-^'^>       +     ILO      +     OBJ;! 


oc,u, 

Ulethylitled 
•tbyl  oxiUe. 


EthyUnroprl- 


Mcthjrl-dJethyl  oarbinul, 


<  <(C,"»). 


cjirbiayi 

itnd  thi'  alcohol  is  obtained  hy  ounrerting  tli»  iodide  into  tfar  iuvt«t«, 
distilling  the  luttor  with  {mtosh. 

Tertiary  Hexyl  Aloohola. — Tlirex  urth«H(>  alcobola  •>*  fxealbio, 
have  Ih-'i'U  ohluiiii-il,  vii. : 

or  HO.rK- H. 

4CH,rH,(H,  (CM, 

PropyMlmclhyl  carbinri,        <'i  (<»,),  or  HO.C  J  GH, 

(oh  («;il, 

Isopropyl-dlmelhyl  carbinol,   f'<(f^H,),  or  HO.C  ^  CH, 

(oh  (ch. 

The  first  is  prepared  by  treating  acetyl  chloride,  COCII,Cl,  with 
clhvl,    and    decomposing    the    resulting    Difthyl-'liothyl-chloron 
C(Cno(i',ni),(l,  w  ith  wat.T.     It  Iwils  at  12tP  C.  (i4liO  Jf.;,  a,,,)  y„ 
by  oxidation  nothing  but  acutic  acid. 

Tli«  Bijcond,  olilainud  iu  liku  manner  from  bnlyryl  chloride,  C<>(( 
and  xinc-metliyl,  boils  at  lliiO  C.  (23tP  P.).  and  is  rcsolvml  Xiy  < 
into  Mcviic  a«id,  propionic  acid,  and  carbon  dioxidn. 

The  third,  obtained  from  isobntyryl  cliloridv  and  tine-methyl,  bt  Uf 
which  solidifies  at —3.10  c.  (— 310  K.),  lioil*  at  lliSP  C.  (233.1)0  p.).  ( 
yields  by  oxidation  aovtoue,  acetic  acid,  and  corboa  dioxide. 


nKPTTL  XLconou,  C,U„OH. 

or  these  alcohols  six  have  bvcn  obtaiawl,  two  primary,  on* 

and  tlir«i  liTtinry. 

Normal  Hoptyl  Alcohol.  c;il,(cn,),.CH,OH,  or  ll,l'<J^|'i 

prepared,  either  by  the  action  of  nascent  hydrogen  fiivolve«l  by  iKo 
uf  sodium-aiiialgaiu  on  water),  uu  lieptyl  aldehyde  (otuanthol): 


,OB 


c.n„o  +    11, 

Aldoliyde. 


C,H,,0: 
Alcnnol. 


nr  from  normal  heptane,  C\H,f,  in  the  same  mannvr  no  normal  hexyl  i 
hoi  from  hexano  (p.  686),     It  is  a  colorless,  ollr  lii|nid,  iMMiluble  to  i 
Mline  at  Uio  {;.  (iiO.GP  v.),  uid  cuuvorliwl  by  ositUtion  lalo 
(pnanthyllo  acid, 

Anullier  hcptyl  alcohol,  probably  the  imipnmar^,  mat  a«paral«d  by  I 
from  fusel-oil. 

B«oond«ty  Beptyl  Alcohol,  <>r  Dlpropyl  CarbUioI,  i\Hf 
— ^'|ll^  prvparril    by  liyilt\>g»uatlun  of  dlpropyl   kHloiiM,  buUa   at   I.MP< 
I  (.^(yjp  P.),  and  I*  reocHiverlMl  into  tlte  ketuae  by  oxiilallon. 
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ertiaiy  Heptyl  Alcohola.— yriffAy/   Curbinol,    (C,Hj),COH,  is 

uu->i  by  trt-Atiag   propionyl  chloride,  CjHjOt'l.  with   iinc-ni<-lliyl,  and 

brtMluct  with  wat«-r.     It  rrmaiiia  liquid  at  — 'J.it°  C.  ( — iQ  ¥.),  boils  at 

E.1420  C.  (2»4Ci-287.(JO  V.),  i»  aliglilly  Kohible  in  water,  aiid  hoR  a 

iflc  graTity  of  0.6593  at  VO.     By  oxiiiatiuii  with  chroiiiio  avid  it  yields 

Lene,  C,U,„  tugeUier  with  carbon  dioxide,  and  ajiparuntly  aUo  auotio 

propionic  acids. 

C  II      1 
imrtkyl-iMobuli)!    Carbinol,     /Aii',    > COH,  obt«n(>d  by  treating 

tieria  ohlorid«,  CnCCH,),— CHj — COCl,  with  zinc-methyl,  and  deooin- 
ug  the  prtxluet  with  waWr,  boiU  at  iatO-131o  C.  (2(;4.'2O-267.80  p.), 
oonvrrtcd  by  oxidation  into  acvtic  and  iKobutyric  acids. 

%mttkgl-tatabutjil     Carbinol,     or    f^nlameOiylatrJ   £ihi/l   Aleohul, 

rj^'tcOH,  prepared  by  treating  trimcthyl-ncetyl  chloride,  r(rU),. 

I,  with  line-methyl,  and  the  prodnct  with  water,  inelt«  at  17^  ('. 
|0  v.),  boil^at  13i'J-132^  C.  (2iJ7.>'°-i(i9.tit'K.),  and  forms  with  natiMP 
(•UUine  Lydratti,  2C,H„0.11|0,  which  multi  at  83°  C.  (181.40  P.). 


ocm  ALCOHOLS,  r,n„OH, 


n  of  these  alcohols  are  known— one   primary,  three  secondary,  and 
Krtiuy. 

tbuay  Ootyl  Alcohol  or  Heptyl  Carbinol,  r,n,,,.C!{,On,  is  con- 
ed, toylli^r  with  the  c<>rri«jM..uilitig  aoetali.',  <',ll,,.r,ilj()„  in  the  voln- 
obtaiued  fniiu  the  seed  of  the  t<JW-par«iiep  {l/eracleum  s/ihondi/lium)  ; 
a  bntyric  ether  in  the  seeds  of  the  (xuiiiiion  [larsnep  {Hiaiiniira 
and,  together  with  hexyl  butyrate,  in  the  oil  of  Utrucleum  ijiyaii- 

comparatively  small  portion  of  cow-pnrsnep  oil,  which  boils  between 

19^'^,  coniiists  mainly  of  the  alcohol ;  but  \>Y  far  the  greater  por- 

otrer  between  2(X»0  and  212^  C.  (3!>20and"413.«0  P.),  and  this, 

fractionation,  yields  primary  octyl  acetate,  C'ljIlj^O,,  iHiitinj; 

and  iliHi^  C.  (4<i2.8-4ti(;.4Ci  K.).     This  compound  is  insoluble 

..^ily  soluble  in  alt^uhol  and  ether,  and  has  a  sp.  gr,  of  0.b717 

'jn.tP  K.).     Heated  with  alooholio  potash,  it  yields  potassium 

primary  oetyl  alcohol. 

■loohol  is  a  colorless  oily  liquid,  havini;  a  sp.  gr.  of  0.830  at  160  Q, 

F.).  boiling   iKjtween    l!>0O  C.   (3740  V.)   and  192°  C.   (377.6^  K.), 

insoluble  in  wnter,  misciblo  with  aUohul  and  ether;  it  has  a  pecu- 

l^ungrnt  aromatic  odor,  and  tastes  sweetish  at  first,  nftcrwards  hurn- 

i  sharp.     By  iHiiling  with  [lotassinmdichromate  and  dilute  sulphuric 

t  U  converted  into  an  acid,  l-',ll„'>„  melting  at  llJO  to  170  (•.  ((!2.KO 

I<1   isomeric  or  identical  with  tlie  caprylic  acid  of  natural  fats,  to- 

with  the  correspfinding  octylic  ether,  C,H,,.C,H,jf),.     This  reaction 

it  to  be  a  priraarv  alcohol ;  and  from  the  boiling  point  of  the  octane 

from  it  (1220-125^  C.)  (251.tiO_257=  F.),»  Schorlenimer  infers 

_.,.._..„  r.  II      hon«  ut  WO.  C1004TJ,«nrt  thesTernffedimrriiceof 

-I  ooni4t><'Utlvc  rnpmt>er»  of  the  norm-*!  P'triWli  iterlei 

1*:  hence  the  boilliie  point  or  normil  iH'tine  •himid 

..,,■.     r.l.     On  the  other  hum),  lunpontnne  liolln  Hi  WO. 

•  r  of  bolllni;  point  between  two  eonvecullve  iMoimrntflna 

.^°  F.>:    hence  the  hoillni;  point  of  Uo-ootfine  ■hoiihl  he 

ai  '  i«  .     mi.  horleio  iner,  Proceodinm  of  the  Koy»l  Society,  xvl.  STaj 

Walts'*  Dictionary  of  Chemistry,  FInt  Supplemcut,  p.  Sit, 
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tUat  il  ia  an  Iso-aloohol.  HC  i  ^(^^^f"^ 

Thi<  haloid  octyl  etben  obtaiunl  from  thla  alcohol  exhibit  kkc  fiiUowiiig 
prujMrlies : 

BoDlQK  Point.  Sp.  gt. 

Ohlorlde,  0,H,:OI       .       17(>.'.<>-IS0°  (.1.  OiVl'-UW"  F.)         O.fian  at  |(»  C.  (^i 
BramMc.U.HjiUr       .        lltso-aoj"  O.  (*4».4''-WJo  F.)  I. Ill*    " 

io<ii(i«,  c,rfi,i  aaoo-ijio  o.  (tMO-ui.eoF.)         ia*j»  - 

Primary  otItI  ali-ohols,  coiirortiblc  hy  oxidation  iulo  . 
also  obtnniol  froiii  Oi'lAno;  tli<>y  differ  from  tlit*  alc-oliul  <•■ 
ol«um  uil,  lull  tlii'ir  t-xact  ntrui-ture  lias  not  bvtio  iuio«rlitiii>.-<i. 

Secondary  Ootyl  Alcohols. — 1.  Muthgl-keryt  Carkimol, 

HO.UC  {  pf  J  " ,  is   prodauiMl   by  hi<atin|;   castor-oil  with   •zovsa  of  i 

pota.<i3iiim  hydroxide.    Costor-oll  oontaiiuricinolMieai>i>t.  ' 
a>^id,  whi-n  lieatod  with  pota«lt,  yielila  frro  hydnigt,-n,  a  <l 
methyl-hexyl  cjirbiiiol,  Uufplhrr  witli  pnxlucta  of  its  df.iiin^Hi.iui..n,  j 
a  residue  of  potassium  sehnti-,  C,,1I„K,(\: 

C„U„0,  -I-  2K()H  =  C,U,.0  +  C„H„K,0,  -|-  11^ 

To  ««parat«  the  nlrolml,  the  diFtillnt'.'  is  ropoatcdly  r«ctid«d  of 
polu.'fh,  tlif  porliiin  Uiiliiig  bidow  20(10  f.  (39Jj  p.)  ,u,i_v  bc'ing 
this  lii|Uid,  aubJuuttMl  to  frantioiial  distillation  ytxidii  a  portMxi 
1810  C.   (357. SO  K.),   which   is  tho  puro  Bi-ttindary  octyl  ale 
portions  of  the  original  dii<tillat^>  h.iving  a  lower  iHiiliii);  p<jlut,  i 
oleflnt'S,  amongst  whiuh  oct«ue,  CgH,,,  boiling  at   liV^  C.  (3D;N 
pondvrates. 

This  samo  aloohol  is  obtained  from  the  ootane  of  .\mt-rtc>an  _ 
convurlitig  this  hydrocarltuu  into  uc-tyl  uhlortde,  than  into  lbi»  Mwlalt^l 
heating  the  lattiT  with  nli«ih<>li(<  potiLsh, 

Mvthyl-hfxyl  carliinol  is  a  limpid  oily  liquid,  having  a  strong 
odor,  nuil  makiu^  grt<ase-stKits  on   pn|H-r.     It   litis   im  action  oti   laiUll 
lii;ht.     It  has  a  speciao  gravity  of  U.ti^;)  at  170  C.  ('".l.OO  p.),  and  bc4M 
1610C.  (3.'i7.8UF.).     It  is   iiiRolublc  in  water,  but  dUsolvnt   in 
ether,  woo<l-spirit,  and  aui-tic  acid.     It  mixes  with  siilpli 
octyl-Kulpliiirie  atiil,  r,l],,II^O,,  ^eneritlly  also  octene    >  .| 

Hulplinte.     Fused  linu  chloride  oiriverU  it  into  octuno.      ,. 

and  sodium  it  yields  sulislitution-produetd. 

Meihyl-brxyl  earbinol,  oxidized  with  i>otiissiamdlehromat«  and  aalphd 
acid,  yields  the  (urres|H>udtng  kotoiie,  vi».,  me  thy  I -h.^  x  v  I   kvluj 
Cll,— -Ct.) — C,H|,,  and  by  the  proloiig.il  action  of  the  oxidisiug  mix 
this  ketone  is  furlhcr  oxidixud  to  caproio  and  acetic  acida: 

c,n„o  +   0,  -  c.H„o,  4-  c.n.o,  +   n,o. 

These  reactions  show  that  the  nh-ohol  pnaliiecl  from  cwtorn)!!  U  a 
d&ry  alcohol ;  and  from  eoiihiderations  similar  to  thoan  above  aildaeadi 
resjMwl  lo  the  primary  alcohol,  It  ia  inftirml  to  Im  a  SMtindarf  I 
teprcacntvd  by  the  formula : 

.((ClL).rH(CH.), 


uo.nc 


Tkr  Chlnriiin,  r,H„ri,  pr<i<liiM<d  by  th*  aollon  of  phriophnm*  pcniwil 

ride  oh  till,   -.l.-,.!..,!    ir,.<  tiTi  i,,),,i  ..I  ..,-,.i .. 11,    ..,..^,1.  ,|f  I 

180  C.I 

pntaah,  '■. 

0BOTi>rl4<d  into  uuiviic  and  ui>tyl  aontalo. 


OCTYL    AND    NONVJL    ALCOHOLS. 


593 


2.   Ethyl. itoptHtyt    CarbiHol,   HO.Ch|  ^,?,«'^"»jj„jj      ,   is  ob- 

'n«d,  l«gt.illii»r  with  Ibe  primary  alcohol,  from  tlie  ouUne  protluced  by 
•  ■  •"111  iif  rliic  and  h.vJri>clili>rio  acid  on  the  st-oomlary  oityl  iodjiji! 
froDi  thtf  alcuhol  last  deacrilwil.  The  cKlyl  oliluride  pn-pari'd 
octane  ^UllMls  faintly  of  oranges,  and  the  aoetato  prepared  from 
Jt  yii'idH,  when  heatinl  with  alcoholic  pcit^iih,  an  octyl  almhol,  which  boils 
I  l^a-lHtiO  C.  (359.6-3()fl.80  K.},  and  is  converted  by  oxidation  into  a 
:*4<iae,  (',11,/^,  isoineario  with  methyl-hexyl  ketone,  but  difTeriug  from  it 
brjr  yielding,  when  further  oxidized,  not  caprolo  and  acetic,  but  propionic 
ukI  (-rdinary  vaJeric  acid :  hence,  it  couatBta  of  ethyl-iHopentyl  ketouu  (see 


CO 
CIIjC 


+  o. 


COOH 


CH,CH(CH,), 
CC 


L'OOH 


H,0 


,CH,CH(CH,), 
Ethjl-uopealyl  ketone. 


Proploolo  acid.       Valeria  acid. 


Ind    the    alcohol    from  which    it    ia   obtained    is    ethyl-isopentyl 
a  r  tiinol. 

3.  A  secondary  octyl  alcohol,  different  from  both  the  preceding,  haa 
btMrn  obt.niui"!  from  octene,  by  heating  this  hydrocarbon  in  a  sealed  tube 
with  hydriodic  acid,  converting  the  resulting  octyl  iinlide,  or  octene  hydri- 
Bdide,  l°,ll,,.Hl,  into  the  acetate,  and  distilling  the  latter  with  finely  pul- 
Irerixnl  iioloMklum  hydroxide.  This  alcohol  has  an  aromatic  odor,  a  gpe- 
iflo  gravity  of  0.811  at  OO  C.  (3^0  F.),  and  boils  at  lT4-17eo  0.  (.345.3- 
^2.40  P.).  By  oxidation  it  yields  the  s.ime  products  as  the  castor-oil 
>|j  '  '  .list  therefore  likewise  consist  of  methyl-hexyl  r^rbinol ;  but 
I  i  lower  temperature  than  the  latter,  it  probably  contains  » 

iication  of  hexyl. 

Tertiary  Octyl  Alcohol,  or  Propyl-diethyl  Carblnol, 

,  is  formed  by  treating  butyryl  chloride,  C,U,COCI,  with  zino- 


IO.C^C,llj, 
ttirl,  and  d< 


and  decomposing  the  product  with  water.     It  is  a  somewhat  viscid 

'    '     '  '   r  than  water,  and  insolulilu  therein,  and  does  not  solidify  in 

viure.     With  jihoejihorus  ]>eiitnchloriil«   it  yields  an  octyl 

:ig  at  Ifi^o  c.  (311^^  F.).     Ity  oxidation  with  chromic  acid 

ture  it  yields  propionio  and  acetio  acids. 

Ifonyl  Alaohol,  C,II„OH,  is  obtained  by  the  series  of  reactions  above 
Je-^eri^^l   from  the  nonane  of  American  petroleum,  and  likewise  occurs, 
>Tilh  the  uonene,  C,H,,,  in  that  portion  of  the  liquid  obtained   by 
amvl    alcohol  with  zinc  chloride,  which    Niils   between  1.340  C 
K.>  and  150O  C.  (30^^  F.).     Nouyl  alcohol  boils  at  about  2(K)0  C. 
'  K.).     >'onyl  chloride,  C,H„Cn,  has  a  spiwific  gravity  of  O.801*  at  ItjO 
>.8  P.).  and  boils  at  19GO  C.  (364.83  p.). 

Decrl    Alcohol,  C,aH„OH,  from  petrolenm  deoane,  boils  at  210-215O 
[C.  I  1'.).     An   isomorio  alcohol,  probably  tetra-ethylated   ethyl 

|*lr<  II,), — C(C,U,),OQ,  is  formed  bv  the  oction  of  dibromacelyl 

CUltr.COBr,   on    xinc-ethyl ;    it    boils   at   15&-1570    C.    (311- 


lue  Bicoboli  of  the  series  C,Ht.+,0  containing  11  to  15  carhon-atotna, 
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are  not  known,  Imt  vomponnd  cthon  eoaUining  12  &ad  14  carbon  tii 
appuar  to  occur  in  8ponuac<^ti. 

Hexdecyl,  Of  Cef  vi  A  i^^h"!    !■   "  n— r   n    "Mtj.aiB,, 
Ethal,  is  ot>lnitK<il  from  luv  tana 

peculiar  ravitid  in  tlic  i 
TUi»  suLwUiiw  cousiaUi  u(  cetjrl  paltnitatv,  *-WW440^  o»'C^ 
C„U„()„ani1  wlien  licaU-il  for  some  tiroo  with  solid  potaali,  b  raaolnit  i 
potaa^ium  paliuitatc  and  cetyl  aicuhol : — 

C„Ha.C,,U„0,    +    KOU    or    KC„H„0,    +     C^IIa<OB). 

The  oet^I  alcohol  !e  ditsolred  out  from  the  fused  matta  hj  alcohol  an»l  i 
and  pariflni  hy  hovi-ral  crystallixaticinii  t         -'    . . 

Cvtyl  alcoliul,  or  ethal,  is  a  white  crv.-^'  -i,  which  dikIu  ai  ak 

60O  C.  (12'-""  K.),  and  crvslallixii    b/.-l,..._.  i   •   ...   -i  .ning 

It  hag  neither  tai.tti  nor  smell,  is  in;«>lutile  in  w.u  -aolm  tai 

proportions  in  alcohol  and  ether.     When  heateil  ii  nhoati 

position.     With  sodium  it  g-ives  off  hydrogen  and  viel<U  sialiuni  i 
CigHgNaO.      It  is  not  difigolved  by  a^uivus  alkalies;   but   wbeo 
with  a  mixture  of  potash  and  lime,  it  gives  off  hydrogen,  and  ia  ooora 
into  palmitic  aeid  :— 

C,.IImO     +    KOH     =    KC„H„0,    +     2U^ 

Distilled  wiUi    phosphnros   pentachlnride   It   yields    cetyl    .-hlf.rlj 

C,,H^CI,  a  limpid  uily  liquid,  liarin^'  a  specific  ^rarity  of  li.>  '■ 

(53.tiO  P.),  and  distilling   with   partial   decomiioalliou  at  n 

thove'Mf^C.  Ci9i^V.).     Cetyl    iodide  ,  I'l.llj,!.  c.lt 

the  alcohol  with  iodine  and  plinspliorns,  is  a  solid  sul>- 

at  2'i-'  C.  (71. tP  K.),  dis!«i|ves  in  alcohol  and  ether,  an.l  crvnt.-um 

alcohol  in  interlaced  laminic. 

According  to  lleintx,  telyl  alcohol,  or  ethnl.  nr.t.nr.Hl  no  n1><>T<. 
delinite   eoui)iound,  hut    a    mixture  of   hexil' 

small  qu.iutilieH  of  three  other  ali.\)liuls  of  the  s  .g\ 

tivi'ly  12,  14,  anil  14  atomn  of  enrbon,  innsmm  li  iu>,  uUi  ii  fu^ml  vMj 
ash-lime,  it  yields  the  uurrespoiidiug  fatty  acids,  C,H„0^ 

Ceryl  Alcohol,  C„IT5,0=.C„n„(OH);  alsocalled  Cm^Ka^mUl 
Cciniin, — Tills  al.'ohol  is  obtained  from  ChineKe  wax  or  '". 
envrlopinf;  the  hrnnolies  of  wrtain  lrt*a  in  China,  ai. 
proilueed  by  the  puncture  of  an  insect.  Tlils  wax  c. 
ocryl  oerotate,  (."^H^.CnHjjO,,  and  is  dee>)iuiH«t«l  I 
the  same  manner  as  spermaceti,  yielding  potaaaium  " 
aloohul  :— 

CeU^.c„nuO,  +   Kon   =  Kc„HaO,  +   c„n»(OD). 

On  diji>«1lnp  thn  fn«i>d  maa*  with  liollinif  watiir,  a  solntinn  of  pi 

een  ■  -     •      I    '    • :    ,  

ta! 

Ci]. 

n-r 

Bl.il        , 

hyilrofivn,  an.l  i»  t:»invert«l  n. 

ratuni   l(  diKtils,  partly   nn'<  !< 

oerot  onK,  (',,11,, ;  by  this  ub.ir.i.  t.  r  n  I 

••oondary  aleohoU.     With   sulphuriii    v 

aaulral  oeryl  sulphate,  (t^Uj,;,-^", Hj". 
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Myrlcyl    Alcohol.— r„H„()  =  C„HO„(OH).— This  nlcohol,  llio 
higlu^t  known  mi'niber  of  the  series,  C  U^+,0,  ia  olitainud  from  iiiyricili, 
tht^  portion  of  o^ituiiion  Uwo'  wax  which   U  iunoluLilH  iu   boiling  akohol. 
yricin   cousi^sUi  of  luyrii'vl    pulmitatu,  fj„ll„.('|,ll3|0,,  and  whon  huated 
itU  pota.-)!  i«  dew)inpo8i-d  in  the  6aii>e  uiunner  aa  speriuaceti  and  Chinese 
,.~v    •'i.Ming   poltui.siuu   paluiitatc  and   uiyrievl   alo<i)iol.     On  diBsolvlng 
1 1  1. 1  in  water,  precipitating  with   barium  chloride,  exhausting  llie 

h  >>'•  with    buiiing  alcoliol,  and  diiSHolving  the  «ub«tanw  depoHitvd 

rum  llie  aloohol  in  light  petroleum,  pure  myricvl  alcohol  separates  ai*  a 
H'jriitalline  xulistance,  haring  a  silky  lustre.  When  heated,  it  partly  sub- 
imna  unaltered,  and  is  partly  resoh'ed  (like  oeryl  alcohol)  into  water  and 
lelwne,  L';all^.  With  strong  mljihuric  acid  it  yields  myricyl  sulphate. 
Ilt>at<«l  with  fuitaih-lime,  it  gives  olT  hydrogen,  and  is  courerteil  into  potas- 
iium  melissatf : 

C»HoO    +     KOH     =     KC„Hj,0,    +     211,. 

The  mothflr-llqnor  ft-oin  which  the  myricyl  alcohol  has  crystallized  out, 
>  slwre  mentioned,  retains  a  small  quantity  of  an  isomeric  alcohol,  which 
tU  *t  72°  i;.  (lUi.tP  F.),  and  when  treated  with  potash-limu  yields  au 
»utaiiiiug  a  anutller  proportion  of  carbon. 


2.  Monatomlc  Alcobola,  CJl^O,  or  C.H,„_,OH. 

Two  oloohola  of  this  series  are  known,  rii. : 

Vinyl  ak-ohol,  r,H,0  =  C,H,(OH) 
AUyl  alcohol,  C.H.O  =  C.lljCOH). 

The  fir»t,  discovered  by  B«Tthelot  in   180O,  is  prodnced  by  comhlnlntf 
thin«  or   acetylene  with  sulphuric  acid,  whereby  vinyl   sulphuric  acid 
''-'>\  is  formed,  and   distilling   the   product  with  water,  just  as  in 
1  ration  of  ethyl  alcohol  from  ellieue : 

nUSO,    4-     C,H,    =    ((',Mj)T!SO, 
(C,H,)H«0,     4-     HOlI   =     II  list),    4-     C,H,(Oir). 

ti  ha  ea.slly  ilecomporiible  licpiid,  having  a  highly  pungent  odor,  somu- 
tiat  mop-  viilnlile  than  water,  soluble  ill  10  to  1.1  parts  of  that  liquid, 
I  fnini  the  solution  by  potassium  carlKinate.  It  is  isomeric 
■  liyde  and  clheno  oxide  (p.  Ii2(l).  The  univalent  radicle 
'">'•  '  <"j'  >*''ioh  may  be  supposed  to  exist  in  it,  is  related  to  the  triva- 
nit  radicle  ethouyl  (p.  4T!i)  iu  the  same  manner  as  allyl  to  propenyl  (see 
rlowj. 

CH, 

II 

CH   .—This  alcohol,  dis- 

cii,on 

UTrrH  by  rnlioiiro  and  ITofmann  In  1856,  may  he  supiiosed  to  oontain  the 
Hyl,  (',llj,  derived   from  a  saturated   hydrocarbon  by 
•.•<m  of  hydrogen,  and  isomeric  with  the  trivalent  radi- 
,  derivi>d  from  propane,  CH, — Cllj — CM,,  by  nbstrao- 
f  hydrogen.     Allyl  nnd  propi-nyl  t^ompounds,  imleed,  j 
-..,  ..,..-    . .    1  one  ink)  the  other  by  addition  or  subtraction  u(  I.>n« 
of  •  mniuul  elumeut  or  radicle. 


Allyl    Aloohol.  C,Il,0  =  C,Hj(OU)  : 


jMUJi  tuunw  lii  m  mini  lull  imiimt  if  »*wa  —  yuM^vuw  wwju    »m*w 

liuriiing  taste.     It  uiixiit  iu  all  pruportiouH  witTi  water,  commo 
aiul  flUer  ;  boils  at  WJO  C.  (217. 40  F,>;  burns  with  a  brighli 
oommuti  alcohul. 


MtsxA 


All/1  alcohol  is  a  primary  alcohol,  similar  in  all  its  ordi) 
to  ethyl  alcohol.  B,v  oxidation  in  contact  with  platinum 
quickly  by  trealmcnt  with  piitaasinm  dichromate  and  aulphurio 
converted  into  atrvlic  aldehyde  (acrolein),  C,ll,<),  and  airylic  aoi 
ooni|>ouiids  reluted  to  it  in  the  same  manner  as  (common  aldehyde 
acid  to  ethyl  nliHiluil.  Heated  with  phosphoric  oxide,  it  yieldi 
C,H,.  With  polassiiiin  and  soiliura  it  yields  sulistitution-produet 
Rulphuric  acid  cmiverts  it  into  allyl-eiilphnric  acid.  With  the 
and  chlorides  of  phosphorus  it  yields  allyl  bromide,  CjU^Br, 
chloride,  L',HjCl. 

Allyi.  BnoMiDBS. — The  vumobromidr,  CjH^Br,  prepared  as  jnst  n 
or  by  distilling  propene  bromide,  CjH,Br,,  with  alcoholic  potash, 
of  specific  Kravity  1.47,  and  boiling  at  620  C.  (143.tiO  p.).  A 
of  ullyl,  C,H,I)r„  is  ohtain»I  by  adding  bromine  to  the  mono-i( 
vessel  surrounded  bv  a  freeiing  mixture.  It  is  a  liquid  of  speei 
1.436  at  230  c.  (73.4°  F.),  Imiling  at  217°  C.  (422.BO  K.),  and  ( 
when  cooled  b<'|r>w  1(>^  C.  (fiOO  F.).  It  is  isomeric  with  propen) 
or  triliromhydriu,  obtained  by  the  action  of  phosphorus  peutabi 
glycerin. 

A  (/iViWy  tiilrnhrnmiiir,  r,n,pBr,,  is  formed  by  the  direct  comb 
diallyl  (p.  513),  with  bromine ;  it  is  a  crystalline  body,  melting 
(98.(p  F.). 

Allyl  Iodides. — The  mrnio-indide,  C,H,I,  obtained,  as  above 
by  distilling  glycerin  with   phosphorus  tetriodide,  is  a  liquid 
gravity  1.780  at  ItiO  C.  (6().80  F.),  and  boiling  at  IW-  C.  (212 
is  decomposed  by  sodium,  with  formation  of  diallyl,  C,H„.     By 
of  xino  or   mercury  and   hydrochloric  or  dilute  sulphuric  acid 
▼erted  into  propene  (or  allyl  hydride): — 

2C,HjI    +    Zn,    +    2UC1    =    ZnO,    +     Znl, 
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ri.SDLPuaii,  (r,Hj),S. — ^Tliisromjtoand  exists,  together  with  a  small 
itjr  of  allyl  oxifie,  iu  volntile  oil  of  garlic,  nu<l  is  formed  artiflcially 
'••'liug  aJlyl  ioiliijp  witli  putasBiuni  luouotiulphiJe  : — 

ac-.HjI    +     K,8     =    2KI     4-     (CjUj),S. 

rparo  it  from  garlic,  the  sliced  bullw  are  distilled  with  water,  and 
ude  oil  thus  olilained — whith  in  a  mixture  of  ihe  sul]ilii<le  iilid  oxide 
rl — is  sulijet'led  to  the  aetiun  of  metallic  jx)laKaium,  reiiewcd  until  it 
nuger  turniiihed,  whereby  the  allyl  oxide  is  derom>>uBed,  after  which 
alphtde  may  be  obtained  pure  liy  re-diatillation.  lu  this  slate  it 
Ma  a  eolurless  liquid,  lighter  thau  water,  of  high  rufractive  power,  ixis- 
■ing  iu  a  high  degree  the  peculiar  odor  of  the  plant,  and  distilling  with- 
t  decampojiition.  AUyl  sulphide,  dinsolved  in  alcohol  and  niixid  with 
Btiuna  of  platinum,  silver,  aiid  mercury,  gives  rise  to  cryotalline  com- 
lui»,  (x>U8i»liDg  of  a  doublu  sulphide  of  allyl  and  the  metal,  cither 
Mer  mixed  with  a  double  chloride. 

Velalile  Oil  of  Muitatd,  eonHisting   essentially  of  allyl   isothiocyanate, 

iO'S,  ii)  de&cribed  in  connection  with  the  thiocyauic  ethers  (p.  547). 
\ 


gt   Hgdretulpkidt,  xst  Allyl  Jfereaptan,  C,H,(SH),  obtained 

lilling  allyl  iodide  with  jiotassinm  hydnmulphide,  is  a  volatile  oily 

iHid,  liAving  an  (Klor  like  that  of  garlic  oil,  but  more  ethereal,  Ixiiling  at 

(194'^  K.)-     It  attacks  mercuric  tixldc  like  ethyl  mercaptau.  forming 

pound  Hg(CjU5)jS,. 


DIATOMIC  ALCOHOLS  AND  ETHERS. 

io  aleoliols  are  derived  from  saturated  hydrocarbons  by  snb- 

I  of  two  e<|uivalents  of  hyilroxyl  for    two  atoms  of  hydrogen,  and 

^erefore  be   regarded  as   compounds  of  bivalent    radicles  with    two 

llentB  of  hydroxy!  :  ethene  alcohol,  for  example,  may  be  represented 

r  of  the  formulJB  : — 


■ 


CHjOH 
CH.OH 


^••^♦^CoH 


I  wpwcnling  it  aa  a  derivative  of  ethanv, 


CH, 
CH,  ' 


the  aeoond  as  m 


topoand  of  ethene,  C,H„  with  hydroxy!,  or  as  derived  from  a  double 
olecule  of  water,  H,(()U)„  by  aulistitution  of  etheue  for  two  alouis  of 
Mrogen. 

The  diatomic  alcohols  of  the  fatty  group,  called   glycols,  are  repre- 
by  the  general  formula — 

C.H^+,0,   or   (C.H^XOH),. 

'  may  be   regarded  iu>  compounds  of  olefines  with  two  cquiTfllentB 
rdrcixyl.     The  following  are  known  : — 

I  Stbene  alcohol       ....  CH,  O,  =  T.H,  (OH), 

Pn.jH-ne  Bl.-ol.ol     ....  CjH.  O,  =  <',lU(nIl).j 

Tetrene  or  Bo  ten.,  alcohol      .         .  C,H,„Oj  =  C,H,  (ml), 

P-ntene  or  Amvlene  alcohol .        .  C^H,/),  =  Cill|/nll), 

Ootene  alcohol  ■     ....  C,11„0,  =  (%1I„(011), 
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The  glyoids  are  tormed  hj  the  fiiUairlii|  _ 
1.  B7  oombiniiig  an  oleflne  with  lifaaiiiie ;  tnatiBg  the 
mide  with  an  alooholio  solution  <d  potaMinia  atoetats,  or  with 
tate,  wherebj  it  ia  oonrerted  into  a  iHawitatw  of  the  otaina ; 
posing  tliis  oompoand  with  solid  potaastam  hydiaclde^  wluvri, 
acetate  and  a  diatomio  alcohol  are  formed,  the  latter  of  whkdh'kuv  ba  dii- 
tUledolT:— 


CHJBr 

T  +    iAgOCJSfi 

CH,Br 
Etbeae  branlde.     SUvar  aeetate. 

CH/XVI,0 

I  +    2K0H    . 

CH,OC,H,0 
Ethene  disoetste.     Potnuiuai 
brdrozlde. 

S.  B7  combining  an  oleflne  with  hypochlorona  aeid,  and  traatliv  ^ 
Mialting  componnd  (a  chlorhydrin)  with  molat  iilrer  oxide  - 


SAgBr    +     I 

CHfiCJOfi 

TOIisiie  rtlaiieiati 

CHjOH 
aKOC,H^    +      I 

CH/)H 

FDtsnlDB  KtkMM 

■eatate. 


CH, 

OR, 

Ethene. 

cn,a 

CH,OH 


aoH 


+    AgOH    a   AgCl    4. 


CHfiB 

Etbeae 
•blorbydrla. 

CH,OH 
CH,OH 


f^pertiet. — ^The  gljools  are  colorless,  inodorous,  more  or  leas  Twil 
liquids,  having  a  sweetish  taste,  freely  soluble  in  water  and  aluohol ;  etlirM 
alcohol  is  but  sparingly  soluble  in  ether;  the  rest  dissolve  easily  in  tbil 
liquid. 

The  chemical  reactions  of  the  glycols  have  been  studied  chiefly  in  tk 
case  of  ethene  alcohol.  They  are,  for  the  most  part,  similar  to  thoae  of  tht 
monatomic  alcohols :  bnt  inajimuch  as  the  glycols  contain  two  attnns  of  re- 
placeable hydrogen,  or  of  hydroxy!,  the  reactions  generally  take  place  hf 
two  stages,  yielding  two  series  of  products. 

1.  Ethene  alcohol  treated  with  nitric  acid  gives  up  2  or  4  atoms  of  hydio- 
gen  in  exchange  for  oxygen,  and  is  converted  into  glycol  lie  a  oil, 
C,H40„  or  oxalic  acid,  C,H,<)4,  according  as  the  action  talcea  place  ll 
ordinary  or  at  higher  temperatures ;  thus : 


and 


CH,OH 

I  +      0. 

CHJ" 


LOH 


CIIjOH 

1+0, 

CHjOH 


H,0 
2H,0 


CH-OII 

+         I 

COOH 

COOH 

+         I 

COOH 


Under  certain  oiroumstanoes  the  corresponding  aldehydea  are  ^it«  pf^ 
COH  ' 

duced,  as  g  1  y  o  X  a  1 ,  I       ,  from  ethene  alcohol,  by  removal  of  four  hfdn 

COH 
gen-atoina  without  sufastitntion. 

2.  ffaionniM  and  MtUam  eliminate  one  or  two  atoma  of  hjrdngen  frtaatki 
glyoola,  and  form  ■abatitnt<<»  ^tt^aM  aleahoi  k  tiim^  <■ 


Ham,  yielding  lodiam  ettieniite,  C,HjNaO, ;  and  this 
TiiMHi  with  vxw*»  of  sodium,  is  oonrerteil  into  digodium 
,  C,ll,Niy,i>,.  These  coruiwmiiiijt,  treated  with  nioualoiuic  »loo- 
I,  yield  thu  ^coholio  ethL-rn  of  the  gl/ools  ;  thus  : 

+      C.nj        =        Nal        +         J 
ll,OH  Cli.OH 

Sodium  Elliyl 


CHjUNk 

CH,O.N» 

PuoiJluin 
•Uicaale. 


+    2C,n.i 


2NaI       4-        I 


CH,OC,H, 


t'H,<W,H, 

Diethyl 
etheoaie. 


fr/m  nridf,  heated  with  glycols  in  closed  vessels,  act  upon  them  in 
B  manner  Bd  upon  tlie  luuiiatomii'  alcohols,  uonvertiug  them  into 
lal  salts  or  compound  ethers,  raouo-acid  or  di-acid,  avcord- 
^e  proportions  used.  In  the  di-acid  glycol -ethers,  the  two  radicl«« 
ii  the  hydrogen  is  replaced  may  bolong  either  to  the  same  or  to 
i  acids,  t.  g., 

CB,OU  _  CH,nH 

CH.OH 


4-     UOCjH.O    =.    fl,0     +      I 


' 


Elbene 
■  Icnbol. 

Ctt,OH 


Aeetlo 
Mid. 


Ethra 
aleoho 

ca,oH 
c 


.OH 
Erhrae 
aleohoL 


4-     2H0C,H,0  =  2H,0      4- 


Aretlo 
aold. 


H,oc,n,o 

Kibene 
aoBO-aectate. 


4-       HOr,H,0    =    H,0     4- 


Butyrlo 
■eld. 


tH,<K',H,0 

Ethene  mono- 

scetAte. 

(:u,oc,H,o 

I 

CILOCjHjO 

i.theae 
dlAcetfite. 

CH,(>C,H,0 

fH.OC,H,0 

Ethene 
butyracetate. 


I 


)BJotH aritit  (HCl  and  HBr)  act  in  the  same  manner  as  oxygen-acids, 
^  that  the  reaction  never  goes  beyond  the  first  stage  ;  e.  g,. 


wi 


CH,OH 

CH/)B 
Etbcos 
aloohol. 


HCl 


H,0 


CH,CT 

I 

fH,OH 

Ethcno 

chlorhydrlD. 


yiirindir  acid,  a  fnrther  action  generally  takes  place,  rcsvilting  in 
■ration  of  iodine,  and  the  formation  of  an  olefine  ;  thus  : 


I    Ciy— CHjOH     4- 


lU 


C.H.    4-     ",0    4-     I,. 


onochlorhydrina,  etc.,  of  the  glycols  (haloTd  hydrins),  are 
iDoed,  aa  abore  mentioned,  by  direct  addition  of  hypoohlorous  acid 
iflnea.  When  treated  with  nascent  hydrogen,  they  are  cou\-ertod 
iatomic  alcohols  ;  e.  g,, 

C,H,C1(0H)    4-     H,    =    HCl    4-     C,H.,(OH). 


ir.  —   H.; 


-< 


mt '  ----•  71  o'   siu'Tiii*    nriiL.a^.  ana  indi 
..  ■!!-._ -i-  •■a  Hit  i:."-r«!5-  .  t-  r- 


_".«.:, 


—  saz.   —   c:,H,ci,. 


^  .1- ; -i—      u"-    to— T.i.".;r  j-.«45' 

:  —   :■  "..  V  -.:  »-.  T-.-r  » -:»:-.  i 


tr^-r.tt. 


I.:*      •«.' 

-L  .V-  -i  n '•    k-i  /"  .Tt- 

:■  <    r  :', 

1    n  ti-i:. —    :.  i:1-  i 

.•-.    :.i  ■ 

.:^    i.   -—    f.    ;7.ir.:r 

*'   1. 

..!.■■>   r-ifci.  /  w.;L  i:  ■ 

■  tl:--. 

i  .—  ■•-. 

•r.T  :!'  i;:    r.  -f  m-tli 

I  -  I  '    - 

■-■  ■ii.-:   •••.•-r.  XT.  i  i":! 

.1      -SI-.! 

.-    Li-L.  wi-ra   l*-i'.-i  » 

teiese  Oziie.    ■" 


T:  -  -..--  '<.:-.  i.».-T.-.  -.'i-5-«.  --.:  ,/  rn  <).  v.-.;t  of  ih»  ji-Iym-ri''  ■■< 
;'  .'.  i  .'.:£,•"..  ■» '■  ':.  :>•.■.>  •>  .:.  •,?..  r*-*  iv-r  s»  *  •rv-ti:!;!!--  ma.«».  w^ 
•t  ■-.  wi'vr.  i'.  ■.  \  ■:.  sni  -•.h-T.  in-'.;ins  at  l.".i=  i".  ('*'.'>.»;-  K.).  "o-'  * 
-  --  -r  ■•-■-•»  I*"^.  Th-  l*n-i!T  <•!  it«  Tspnr  i«  1.06  r<'fvrr.Ml  to  air,  ur 
r^'-rr-i  :■  hv  ;rT*n  i«  nnitv  :  \n-\  as  tJii*  in  half  the  mnlwiiUr  wi-ii 
T".  --i-r.:-i  >■!•  th-  f..nnula  ("H/)  Hi  -J-  2+  Id  =  SO),  it  tMawn  that  I 
^  '-Ti'ili  •••rr-«-:lT  r-pr--»>-ntii  th«>  mMHCiiIc  of  th<'  oumpnnnil  in  lhi>  Jtatf 
Taj...r.     ijn  the  other  haoil,  th*-  aoVul  wnnpnunil,  when  treattsl  with  UyJ 


ETUENE    OLVCOIi. 


Ml 


'jnlphMa,  ia  oonverted  into  methene  Hulpbide,  a  body  which 
b  tl  21lf3  C.  (4^4P  P.),  lablimus  easily,  and  yields  a  vapor  whose 
il.F  (1)9  referred  to  hydrogen),  shows  that  the  molecule  of  this  toiii- 

4  i»  not  CHjS,  but  C,H,S,.     (^?!L±JL±^=69  \ .     Hence  it  is  inferrwl 

til«  oxide  from  which  it  is  formed  has  also,  in  the  solid  state,  the 
ftotiou  represented  by  the  formula  C,H,0,,  or  (Cll,)jO, . 

ithene-diBnlphonlo  or  Methionlc  acid,  CU«<Cso'u  '  '"""*^  ^^ 
■lion  of  fuming  sulphuric  acid  on  acetaniide  or  acetoiiitril  (methyl 
le,  CU,.CN  ;  see  below),  crystallizes  in  long  deliquescent  needle^i.  It 
7  stable,  not  being  altered  by  boiling  with  nitric  a4.*id.  The  biirium- 
CH,(.'50,),Ba  +  2ll,f>,  forms  nacreous  laniiuw,  sparingly  soluble  in 
it  is  precipitated  from  the  aqueous  solution  of  the  acid  by  barium 


Ane-hydrlasulphonic  aold,  rH;<\^  ,  „  ,  or  Oxi/melhi/l-suli>liome 

(ibtaineii  liy  acting  on  niilhyl  alcohol  with  sulphuric  anhydride, 
lling  the  product  with  water.  It  crystallines  with  diificulty,  ami  is 
itely  stable.     Its  barium  salt  crystallizes  in  small  anhydrous  tables. 

{thaeetic  acid,  ''"j^r-it'ti    (^titl">i><3  carbonyl-snlphonic  acid),  is 
product  of  the  actiou  of  sulphuric  acid  on  aoetamide  or  aoetoni- 


CH| 

I  + 

<ONH, 
Leetamiite. 


2S0.U,    =     (NHJKSO,     -f- 

Acld  nmmonlum 
•ulplialct. 


Sui|)hi>cetle 
as  ill. 


prodaced  by  heating  a  mixture  of  glacial  acetic  acid  and  sulphnrio 
ride,  and  as  a  sodium  salt  by  boiling  a  solution  of  yiHlium  sulphite 
iodiuin  muMochloracetate : 


CH-Cl 

I  + 

CO.ONa 


NaCI     + 


rn  ^SOjNa 


alizing  the  solution  obtained  by  the  scconil  process  with  lead  cnr- 
and  decomposing   the   solution  uf    the  resiilting   lead-snlt  with 
_  tn  sulphide,  a  solution  isoblaiutil  which,  when  concentrated,  yields 
acetic  acid  in  transparent  prisms. 

>haoetio  acid  is  a  strong  hibasio  acid.     When  heated  with  sulphuric 
ride,  it  is  oonvert«<d  into  methene-disulpbonic  or  methionlc  acid; 

,     CH,(S<>,H).f;0,U     4-     SO,     =     CH,(SOjll),    +     CO,. 

\  also,  methionlc  acid  is  obtainc<l  as  tlic  ultimate  product  of  the  action* 
jb>g  sulphuric  acid  on  acetamide  or  acctonitril. 

eae  'Vlyeol,  C,H,lX  =  C,Hj(OH),=  |  ,  prepared  by  dii- 

CH/iH 

the  monPicefafe  or  diacetate  of  ethene  witli  cmstic  potash,  is  a 
a  iscid  '.quid,  baring  a  specific  gravity  <>(  1.125  at  (1^,  and  boiling' 
r'Jl'.  (.ti7.&°  F.).  It  mixes  freely  with  water  and  alcohol,  but  is 
ght/yjloble  in  ether.  Its  reaction  with  sodium,  and  the  formation 
II 


FATTT    QBOUP:   ALCOHOLS    AND    ETBSBa. 
«f  MhyUe  edwfB  hy  trtMag  the  narolUoK  sodiura  deriraUrc*  viih  «k<i 
fi*y{k  Btkmmf,  <  r  dinol  i 


I  of  cli.t?Ilr  oxM  ■ 


•t  1- 
0! 


..). 


-   --g  n  ingnrxaitt, 
iiM.ti^  k.).     The  dic^Ayv  uAer,  C,H,(0C,UJ,  ball 


.1  Hitii  aardUvrirfr  yields  aid eh/de  ; 

CH/^iH  riT, 

I  —         U.0         =  I         . 

ca/>H  ( no 

WlUt  ^JUipfanD pariadMirilrfe  it  forma  ethene  diebloridas 

<Vi.(OH).  +   PCI,  =   pci,o  +  H.O   +    c;n.ci, 

■etrfredaoes  itio  etttyl  iodide: 

C,H.(Oa),    +     3HI    =    C.HjI     -f     211,0    +     t^ 

Chlorhydrats  or  Etbene  Cbloriiydtin.   C,H,<^!*  .  I 

"K  k'.'^"'  "■'^  hydrochloric  scid.  or   by  agiuiiii^  »t 
tivf<>'in..n>us  and.     It  is  a  colorless  tii|uid,  iui*x:ilil£  vd 
mtXtt.  at  '  -    C.  Cili'lA-  V.).    By  oxidation  witb  ehtvsaiei 

aixtart:  r.  .       .ato  luoooctUuracctio  acid: 

c,H.(OH)a   +   o,   =   H,o  +   CjU.ao,. 

By  h««lin|C  with  {wtassioni  iodide   it  it  conv«rtud  into  vtb<>no  l6dk) 
drin,  C\U,(UO)l,  a  rucid  liquid,  « Uicb  d»xiu)>u«i!«  when  dIrlillMi. 

Sthene  Nitrate,  <',l1,(NO^,,  prodoced  by  beating  vtbone  tadM*< 


alkalies  is  rasolrod  into  giycol  and  nitno  aold. 


Etbene-sttlphnilo  Aold,  C,H«.Sr\lI,=6(),<^?|,    .  ia  prodoonl  I 


lii-alin^ 
uiiig  ih' 

dfliqarSLi  -.: 

and  barium  sulphau*. 


Ethene  Ozlda,  r,ll,0,  or  '^<Cr'n'  ■  '«'™'"'^<^  '''l'  aa-tic 


fi>nnr<i  liy  tlif 

is  vitilxnt,  alii 

drnsfd  in    a   ' 

few  lumiw  of  . 

dried,     h  in  n; 

at  ty^;  boiling  at  l;l...^  i 

and    misoiUlx    in    all    V' 

Ih. 

W:! 


ii..(i..   tuit  ii..li   .in    i.t  \\,} 


alilull 

Tba 

'ii4y  1 


>'4. 


hydri>|fpn, 


c,H.o  +   H,  -  f,a/>- 


p 


POLTETHENIC    ALCOHOLS. 


xtde  Dn!t«s  vith  ammonia  in  several  ])roportiong,  forming  tbo 
mie  oomponnds,  all  of  which  are  syrupy  liquids  : 

xetheoaminu C,n,O.NH, 

AheoAiniue (t',ll,0),.NH, 

ethenuuino (('2lI,0),.NU, 

xethenaiainc (t'jU/)),.NU,. 

ict«r  di!ttinguisht>ji  ethene  oxide  from  aldehyde,  which  forms 
lia  a  crystalline  compound  nut  possesain^;  haaic  prupt^rtit^.  A 
inctiou  between  these  two  isomeric  bodies  is,  that  ntdeliyde 
illine  compounds  with  the  avid  sulphites  of  the  alkali-metals, 
lot  possessed  by  etiiene  oxide. 

ijile  ia  a  powerful  base,  uniting  directly  with  ariihi,  precipitat>J 
a  from  a  solution  of  magnesium  chloride  at  ordinary  tempcii 
tirric  oxide  aud  alumina  from  their  saline  Solutions  at  UnO  C. 

With  hydrochlarie acid,  it  forms  ethenoohlorhydrin,  C',H,<^,,,, 

Jaeid,  ethene  aoetohydrin,  C,H,<[J^j^    '^  .     It   also  unites 
rreral  proportions,  forming  glycol  and  the  following  oom- 

Bnic  Aloobola. — These  are  bodies  which  contain  the  elements 
Dre  molecules  of  ethene  oxide  tviinliiiied  with  one  molecule  of 
May  be  regarded  as  fornnid  by  the  union  uf  Ivm  or  more  molo 
ool  (raono-ethenic  altV)hol),  with  eliminalkui  of  a  number  of 
ulea  less  by  one  than  the  number  of  j,'lyci>l-niolei  ules  which 
xmibination  ;  or  as  derived  from  three  or  mure  molecules  of 
ibstitution  of  etheuu  for  the  whole  of  the  hydixigeu  exoejjt  two 


r  (C  n  )H,0, 
lie  uleohol 
eol). 

>r  (C,H,),H,0, 
eoloaleobol. 


.r  (C,n.),H,0, 
■enlo  alcohol. 


ir  (r,n,),n  o, 

leole  alcohol. 


=  c,n,o.n,o 

ElliCDe 
oxide. 

=  2c,ii,<).n,o  =  2c,n,o,— H,o 

ttlirae  Qlycol. 

oxlile. 

=  3Cjll,O.HjO  =  3f-H„a,— 211,0 
EttacDB  Olj'col. 

oxide. 

=  4c,n.o.iT,o  =  4r,n,o,— 311,0 

Ethene  Glycol, 

oxide. 


,0.4.,  or  (C,n.)„H,0„+,  =  nCJF.(>.H,0  = 
etbenle  aloobol.  Ethene 

oxide. 


bC,H.O,— (n— 1)H,0 
Qlycol. 


fthenic  alcohols  are  formed — 1.  By  heating  ethene  oxide  with 
lied  tnl)e8.  In  this  maniu-r  Wiirtr,  obtained  dielhr'nie  alcohol 
!h  monethenie,  and  a  small  (jiiantity  of  tri-etbetiie  aUxihol.  2. 
ethene  oxide  with  kIvioI  in  seab'd  tubes  :  thin  prm-ess  yields 
tri-ethenic  alcvibols.  X  Bv  le-nting  slvcol  wiHi  ethene  bro- 
led  tnbes  to  l(M»o_i2(>o  C.  ('2120-24,10  y').  The  lirst  producU 
t!on  are  dietheuic  alcohol,  ethene  bromliydrin  and  water  : 

,0,  -I-  C,H,Br,  =  (C,H.),H,0,  +  2(C,H.)Hr(UlI)  +   H,0 ; 
Ethene  DIrthenle  Bthene  hrom- 

bromide.  aloobol.  bydrto. 


FATTY    OBOUr:    ALCOHOLS    A;IU    BTHER». 
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Mtii]  the  other  |i<>l.V(iUit;niu  alcuhoU  aro  fonn<>d,  cjicli  tmiu  tlx  ok  *'^I 
ne)**w  it  in  the  series,  b^  thu  ftction  of  irtli>*ii*>  bmuihv'lriti.  a<t<triltci(  >^ 
rebe  gviu'ral  oqoAUon  :  ■ 

I    (C,U«).H,0.^,    +     (C,H»)Br(OH)     =     (r,ll.>.^^U,.i.„    -r    U».l 

FTSf  hy<)n>>ir>iniii-  acid  thu»  fnnnwl  th«>u  acta  on    tlip  rxc<-»s  of  ^jai  |*^ 

if.  ii^  ethene  broiuhydrin,  ami  (hu:s   th'  ia  DontMwfl 

1  the-  2-,  3-,  4-,  .V,  and    ti-<-thciiic    »'.  iv<>  kna  afl 

1  lii.u.-..  ....  .  -.,■.. rated  liy  fractional  distillation;   ati.!  ,,r,....-  .-^ 

tcvsj  of  glycol  is  pr«»<.-at,  tlio   tf uifH^rat  ure    l»>iug    I.  ^ 

W230O  F.)  and   12»lo  C.  (34*0  K.),  »tiU  higher  men./  M 

■bmlareit.  1 

W  Thi-  p<)lr«4henic  alcohols  an>  syrupy  liqnida,  b«<cofning  more  tiaailM 
Wieir  mulivnlor  wpiKht  inon-astw :  tlieir  boiling  point  risot  by  otwat'M 
K.  (SI  ■  V.)  for  BA.h  addition  of  0,11  I).  I 

I     pi.-'  '    '../,  f,H,„(>,  or  (C,H.),il,n„  hoilsat  nhoQi  2r"  '     "TWFJB 

■  thr  ■'•■  '—  VH|>or  is  3.7t>  (ntr^  1);   by  laleulation  :  ''l-^l 

|»o  th^,  ..     ., Its   tin;  normal   ciindviiaalion  to  two   v.il.  ..>iS 

Iwith   (lUtinutn   blaolc,  or  by  trestment  with   nitric 

[diglycoUic  acid,  C,H,0.,  nu  acid  Isomeric  with  i 

I  f^mi  di>^tb<.<nic  alndiol   by  substitution  of  C)  for  It,,  Jtul 

I  C,H,0,,    is   forniiil    from    inoni-llifuic   nloihol,   f,H,0,. 

I C,H.«0,,  or  (C,il J|H,0,,  is  oxldixed  in  like  ouuinvr   to   u  t  huae-(ll|i;- 

Leoliic  acid,  (tH„U,. 

I      Bthene  Hydrostilpblde  or  Thiohydrate. — Ethmie  ot  ylymli^  m*'\»  ^ 

I  lun,  C,ll,(!?ll;,,  fiiruii-1    \>y  tlit<  aitiuu  of  I'lliriio    broiiu.l.-   .n.  "m.    j.l...h.f.- 

k#>>lutioti  iif  ]aiiaKiJtiMi  liY<ln»ulpbide,  is  a  colorless  . 

I  Mi.  boiling  at  Ull-  f.'(\Kt4.8^  F.),  Insolubbr  in  »..i 

I  and  ether.     With /m(f  nrr/ufr  it  fonns   n  y>dlow   pri->.i|iii«io  cuimmU>(  4 

I  l',ll,S,l'b,  and  similar  rompouuds  iritU  other  luftalliu  salt*. 

Ethene  Stilphlde,  r,H,S,  formod  by  the  action  of  etbenc  broorM*  • 

{>.il;is'>iiiiu  siilpliidi.- ill  nbttholic  snlulion,  is  a  crviitallini*    t     '-    -     ' • 

IKOC.  (-ia^*^  F.),  and  boding  at    itHd  T.  (;Ulio  K.).      i 
(H  SB  1)  is  60,  showing  that  it«  molevular  formula  is  {(',.• , 

•titutkm  u  tharefore  C,H4<;|>C,H,  . 

Bthene  Bydroxysalphide  or  Monotbto-bydrate.  C,n,fOH 

(onii.-'    '■»    "■    .'o'tioii  of  I'tliiMi';  chlorhydr ■     ■     • '      ' 

l»  »  I  iiiilar  prnpt-rtic*,  atnl  forii. 

?••«-,  1  liy  a  metal.     Xitrio  acid  \>\ 

Etheae-snlphonlc   Aoida.— /vrArif-r/if M/;iAani>  ari'rf, 

C-,ll,<r^';  .'. ,  ,  is  forino'l  by  oxidation  of  ethuQ*  by<lro<ulphi<i»,  r,II,<S1t)^ 

•nil  Krranalo,  C,H,{CN8), ;  by  the  action  of  ttixtAog  inlpbarit 

'■'d  ^ ....i  or  i'th«r  ;  and  by  boiling  irthnofl  bromld*  with  a  alrmig^ 

Intton  of  ptttaaiiiiini  «ulphlt4? : — 


C,U,llr,    -»-     2<KS(V"K) 


ZKHr     +    C.i 


ktaiiitn  iToni  woirr  in  nx-tM^ 


'  in  watar. 
S>V.).  Tl. 
-.t  tahlMi, 


KTaENE-SULPHONIC    ACIDS. 
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iiitt-kydrinsulphonic  acid,  or  Iselhionic  acid,  C.H,^^  ,  „  , 

Bario  with   etbyUalphario   acid,  SO,<^„  „   ,  is  prodaoed  by  the  oxi- 

ion  of  etbene  mono-thiohydrate,  C,H«<^u  ,  witb  nitric  acid  ;  by  the 
so  of  oitroiu  aoid  on  taurine  : — 

p'<^^l    +     ^'*^»«      =     N,    +     H,0    +      C,H.<«^^g; 

Mling  etliene-ctilorbjrdrin  with  potassiom  salphite  : — 

'        C,H.<:2,"     +     KSO,K     =     KCl    +     C,H.<°^^^; 

by  boiling  ethionic  acid  with  water  (p.  606). 
lu?n  vapor  of  snlphurio  anU.vdritlo  is  passwl  into  well-cooled  alcohol  or 
•,  and  the  product  i»  boiled  with  water  for  seceral  hours,  a  isitlution  i» 
iA,  contaiuiug  elhionie,  itulphurio,  and  a  smull  ([uaiitity  of  metUioiito 
:  aiid  on  saturating  this  liijuul  with  barium  cnrlKumte,  tiltering  from 
ua  sulphate,  and  leaving  the  flitratc  to  enol,  uiuthionatc  of  barium 
«IUxe8  out  firat,  and  afterwards  the  ijiethiouate. 

ittuooic  acid  is  a  viaeid  liqui<l,  which  does  not  eauily  cryatallizo  :  it  is 
tecomposed  by  boiling  with  water.  Its  aalta  are  xtahle,  and  cry«tal- 
rell.  The  ammoniiim  null  crystallizes  in  rhoniliio  plates  melting  at 
C.  (374^  P.);  when  heated  to  210-22(1°  C.  (4i(i-42S)0  p.),  it  ia  con- 
id  iuto  amidetbyliiulphoDic   acid   or   taurine:— 

■be  action  of  pliosphorna  pentachlorldecn  isethlonic  add  or  lla  salts, 
RSoride,  C,H,(;l.S<\C'l,  is  formed,  as  a  liquid  whicli  Iniils  at  2U(P  C. 
3  P.),  and  is  converted  by  boiling  with  water  into  oblorethylsal- 
aic    soid,  CjU^CI.SO,!!. 

frine,  CjH,(NH,).SO,H,  occurs  in  eomhlnatlon  with  cliolic  acid  (aa 
lie  acid),  in   the  bile  of  oxen  and  other   animals,  nml  in  various 
■eoretions.     It   may  be  prepared  by  boiling  taurocholic  acid 
I  alkali  :— 


^^''<^Uh,  =  ".«   +  <^.".<s5i 


Taurocbollo  •eld. 


Kfl 


c  n,„o, 

Chuiio  acid. 


C,n,N30, 
Tciurlac. 


Bed  artiflcially,  as  alreaily  olwerved,  by  heating  ammonium  ise- 
to  2300  <'.  (4460  P.);  also  liy   heating  chloruthylsiilphonic  acid 

Boeoua  ammonia. 

1n«  crystallizes  in  large  montmlinlu  prisms,  easily  soluble  in  hot 
r,  inaoluble  in  alcohol,  melting  and  decomjiosing  at  alMuit240O0. 
3  F.).  It  forms  salts  with  alkalies,  and  dissolves  in  acids,  but  s«pa- 
I  from  the  solution  unaltered. 

>arin«  is  not  dei-onjposwl  by  boiling  with  acids  or  with  alkalies,  bnt 
ision  with  potassium  hydroxide  it  is  decomposed  iu  the  manner  shown 
lie  oqnatiou  :— 

H.(NH5).SO,K   +  2K0n    =   C,H,KO,   +    SO,K,   +   NIT,   +    H,  . 

no*  acid  converts  It  into  isethionic  acid. 

Ikionleaeid  and   Anhydride. — The  anhydride,  r.n,S,0„  formerly 
1  nlpJiale  of  earbul,  is  formed  by  passing  the  vapor  of  £ulphur  trioxida 
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into  »uliydr(>iis  alooliol  ;  sloo  by  direct  union  of  «Uiene  n-itb  catphutn- 
oxide.  It  is  a  very  doliqupai>ent  cfyslalliui.-  niit»<,  which  uwlu  at  H»^  t:. 
(17UOK.)-  It  readily  tulc.-s  up  the  elfiueiits  of  w«UT.»nd  u  <wuven«d  iBto 
etbionic   acid,  C,ll,S,0, ; — 


^^"•<s6f '>°  +  ^^^   =  ^'"•<^^i 


Anhydride, 


OH 


Acid. 


1' 


Sthionic   acid,  having  one  of  its  Bulphur-m       ■ 
carbon-atom  directly,  Hie  olhur  uuly  tliroiij;li  llie  v. 
botli    as  a  sulidiDiiic    acid    and  ad  an  .iciil    ether  of  ..iii|.iniri.-    iiid^ 
therefore  bibuaie.      Hnlli  lln-  free  aeiil  mid  it<  Halts  are  rtsolvivl  I.T  U<iU 
with  water  into  aulphuriu  and  isetliionic  acldx  : — 


SO.H 


«.».<^ri' 


SO.H,    +    C,H.<^,j   . 


ETIIIOEXS     CUMPOOaPB. 

Elhid far  Hichloride,  CH, — THO,,   has   already  lMS>tl   dcamlKd  (fT 
518).     The  oziiie,  Cllj — CHO,  is  urtliuary  iililehyde  (Hoe  Au>niTSM). 

Ethident   DinK-th ylalr,  Til, — Cn(OCn,)^    occurs    in    . 
spirit,  and  is  fnrmed  in  the  oxidation  nf  a  mixture  of  melliylii         i 
alcohols  ;  also  by  lieatiny  aldejiyik-  with  methyl  aindiol.      It  U 
ethereal  ti4uid,  having  a  spocilio  gravity  of  U.!i5D5,  and  boillne  iti 

Elhidtite   .yfclhyl-fthglate,  CHr— rH<^^„' ,  fonnod  simult 

onslv  with  the  precedinR  hy  Ihn  oxidation  of  a  mixture  of  mi'lbyl 
ethyl  alcohol,  boila  at  85°  C.  (1850  F.). 

Elhtdrne-Ditthylnle,oT  Aetlnt.  Cnf—Cl\(0C,nj„Unm.TW9\fi 
etheno  diethylale,  is   forunul    by  oxidalinn  of  ethyl  ali-nliol,  ■.\ 
amonK  the  flrst  portions  of  the  distillate  ohtainiHJ  in  th><  pr,  , 
ortlinary  spirit.     It  is   fonne<l  also  by  the  action  »f  sod  I  uiu   ■  Uij  Ul*^ 
cthidene    dieiiloride,  and   hy  heating    aldehyde  with    alcohol    lu    WP\ 
aealed  tubes  : — 

cn,i-rno  +   2(c,njnn)   =   h,o  +   en,— t'Hror.H.),. 

It  is  a  liquiil  STuelliiig  like  aloohoT.  having  n  spociflc  tr 
220  C.  (Tl.liO  K.).  U.iljnK  «t  Uyi'^  C.  (:ilO.'.Jo  p.).  Witt, 
mono-,  dl-,  and  trichloracutal. 

Ethldrnf-Mul/ilioiiic   aridt, — Tlin  ri-latidii   of    thi-^.'   .omiw  ha,  , 
■table  acids  to  their  isnmiirideo,  the  olliene-snlphonic  acids,  la  showa 
the  following  formula': — 


rn,.on 

(•H..SO,H 
Uclhloato  acid. 

cn,.so,H 
CH..sn,H 

EthM>e.i11»"' 

KdUl 


CH 


1-- 
Elhldfor  oxyiiil|ilioal« 
acid. 


I..CH<^ 

]«Dr  oxyiiil|ilioa( 
acid. 

F.thtdvn'dtsul  phon  It 

at*  10. 


PRUPENE    ULYC0L8. 


C07 


M-diiilphoHic  aeid,  CH,.CH(SO,U)„  and  ElliiJene-clilurotulphonic  acid, 

^^.  „  ,  are  formed  by  huating  ethidene  dicliloridt<  (p.  518)  with  an 

solution  of  neutral  «odiuro  sulpliite  to  about  140°  C.  (284^  F.). 
ner  18  very  uniitabk' ;  tlie  latter  is  luudcrati'ly  otablo,  ami  forms 
tuUued  Skits  :  its  sodium  ualt  crystallizes  in  nacreous  laminw. 


l«D«  Olycols,  C,H,0,  =  C,H,(OH),.— There  are  two  of  these 
Alcohols,  represented  by  thi.'  fulluwiiig  rorinulu!  : — 


CH, 

CHOH 


C!I,OH 
Propeoe  glyool. 


CH,.OH 

CHj.OH 
Trlmetbeue  gljreol. 


analogous  to  the  second  and  fnnrtli  mi^idincalions  of  the  diatomic 
rivativM  of  pn^ipene,  already  deiiuril>ed  (p.  filtj).  Glycols  aiialu- 
je  first  and  third  of  these  derivativj-s,  via.,  C'll^ — I'll, — I'Xj  and 
I — f'llj,  are  not  Icnown,  and  priibjitily  cannot  exist,  Kinee  it  ap- 
alr^'O'ly  notice<l,  that  two  hydruxyl  groui«i  cannot  be  attached  to 
in-atom. 

ne  glycol  is  formed  by  heating  the  corresponding  bromide, 
Br — CHjBr,  with  silver  acetal*-,  and  the  ri*siiltiii);  acetic  ether 
.ah  ;  also  by  heating;  propene  chloride  with  water  and  lead  oxide. 
lorless  oily  liquid,  having  a  sweet  taste,  a  s|>ecific  gravity  of 
P,  and  bo'iling  at  lshO_l8J>o  f.  (370.40-372.2'^  K.).  In  contact 
inam  black  it  is  oxidized  to   lactic   acid: — 

-CHOH— CH,OU   +   0,  =  H,0  4-   CH,— CHOH— COOH . 

1  KKP  with  strong  liydriodic  acid,  it  gives  pscudopropyl  iodide, 
I— CH,.  Phosphorus  pentachloridu  converts  it  into  propene 
^  CH,— CHCl— CHjUI. 

I   MorKydrm,  CH,— THOH— CHjCl,  is    formed   by  the   action   of 
hydrogen    chloride  on  the  glycol,  and    by  that  of  liyi>oililorouH 
propene.     It  has  a  specific  gravity  of  1.3U2  at  0°,  ami  boils  at 
•itiOSfi  F.). 
responding  bromhydrin  boils  at  about  146°  C.  (294. 6°  p.). 

<,  CHj — CH — CH„  formed  by  the  action  of  aqueous  potash 
ilorhydriu,  is  a  volatile   liquid,  boiling  at  a.^iO  C.  (!l.')0  p.), 
oifio  gravity  of  0.853  at  0^,  eaaily  soluble  in  water.     Nascent 
eonverU  it  into  secondary  propyl  alcohol,  CHj — CHOH — CU,. 

ithene  glycol,  prepared  from  trtmethene  bromido  (p.  519),  is 
icchariue  liquid,  boiling  at  212^  C.  (413. (P  F.). 

De   Olycols,  C,H|jO,  =atC,H,(On),. — Six  of  these  compnumls 
rlioally  possible,  four  derive<l  from  normal  butane,  ajid  two  from 
.     Only  two  of  them,  how.-ver,  are  at  present  known,  vii : — 
\ft,t  glycol.  CH,— <.'HOH— CU,— CH,niI,  is   formed  in  small 
by  the  action  of  sodium  amalgam  on  acetic  aldehyde  in  auueous 
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■otntion  ;  but  is  best  prepared  by  leariog  a  cold  mijclure  of  ttmk  tU^I 
hy<l«  and  dilute  hydrocblorio  add  to  itself  for  two  or  three  days,  whcwbyj 
the  aoelic  aldehyde  u  converted  into  the  aldehyde  of  but«ne  ^lyool,  e 
aldol,  and  treating  the  latter  with  sodium  amalgam  : — 


and 


CH,— CUO    +    CU,— CHO    =    CH,— CHOH— CHj— CHO 

Aoetio  aldebrde  (8  mol.).  AtdoL 


CH,— CHOH— CH,— CHO  +   H, 
Aldol. 


CH,— CHOH— CH^— CHjOH  ■ 
Buiene  glycol. 


Butone  glycol  ia  a  thick  liquid.  boilinR  at  204^  C.  (399.20  F.), 
with  water  and  with  alcohol.     By  oxidation  with  nitric  acid  or  with  chn 
mio  acid  mixture  it  is  resolrod  iutu  ocelio  and  oxalic  acids,  together  irill 
a  small  quantity  of  butyric  aldehyde. 

{2)  Iiobuteneglycol,  (CH,),^COH—CH,OH,  prepared  from  thee 
aponding  bromide,  ha.s  a  specific  gravity  of  1.U48  at  i>^,  and  boiU  at  M 
184°  C.  (361.40-:i(i3.20  F.).     By  oxidation  with  nitric  a«ad  it  is  oonTSj 
into  oxyisobutyric  acid,  (CUj),     COll— 1;0011. 

laopentene  or  Amylene  Olycol,  CtH„(OH),^(CE 
CH — (."hull — (JIljOH,  the  only  0-carbon  glycol  known,  is  prepaiedf 
tilling  amylene  diacetate  with  potash,  or  by  addition  of  hydrogen  ' 
to  amylene.     It  boils  at  177°  C.  (330.(iOF.),  has  a  specific  gravity  of  0.9 
at  (P,  and  is  converted  by  oxidation  with  nitric  acid  into  isovaleric  i 
The  corresponding  oxide,  C,H,g(),  is  a  liquid  insoluble  in  water,  bariiigl 
specific  gravity  of  U.SIM  at  (P,  and  boiling  at  9S^  C.  Ci/OZ'^  F.). 

Hexene    Olyoola,     C,II„(On),.  —  Normal    htxtnt    glffli 
CH/>II — (t'H,), — (11,1)11,  from  hexene  bromide  (obtained  from  maoniU 
or  from  the  bexvl  chloride  of  American  petroleum),  haa  a  specific  {TtTM 

of  0.967  at  OO,  iud  boils  at  207°  C.  (404.()^  F.). 

Mesohexene   Glycol,     ^°y'^CH— HC  <^{j»*^*^ ,    or     Diallf 

Dikydrate,    C,H,o|  .^Ij,.    ,  la  prepared  by  heating  diallyl  in  ai 

flask  with  strong  liydriodio  acid,  converting  the  resulting  diallyl  hydrin 

CfHio  ]  I  '  1  into  the  diacetate,  C,!!,;,  j  ,(^p  ..  j^.    ,  by  treating  it  with  siln 

acetate  suspended  in  ether,  and  lieemuixming  the  diacetate  with  poll ' 
It  is  a  thick,  civUirlesR  svrup,  having  a  sp<<cific  gravity  of  0.9638  at  00 1 
0.9202  at  tiio  c.  (14!io  F.)  ;  boils  between  2120  C.  (4i3.(J0  F.)  and  21 
(419°  F.). 

Piaaconc,  (CHj),COH— COn(CH,),.  is  formed,  together  with 
propyl  alcohol,  by  the  action  of  sodium  or  sodiam-amalgam  on  aoetoMl 

aquwiis  solution  : 

(CH,),CO    +     CO(Cnj),    4-     H,    =     (rH,),COH— COHfCH,),. 

It  crystallizes  from  the  concentrated  aqneous  solution  a.<i  ahydrr-'-  '~  M 
H-  uiljO,  in  large  square  tables  which  melt  at  i'S>  (107. (JO  K.)',  n  r, 
eflli>re}ice  in  contact  with  the  air.     The  hydrate  gives  np  it> 
heated,  and  at  1710-1720  C.  ( 339. 8Q-.34 1.60  p.)  yields,  a  distillate  of  »nliT- 
drouH  piiiacone,  which  solidifles  to  an  indistinctly  crystalline  mtun,  melting 
al380C.  (1(K\40F.),  and  r<yv>nverted  into  the  hyilrateby  solution  inwsU 
Pinacone,  when  heated  with  acids,  is  converted  into  pinacolin,  CJi 
(see  ALDSnYDBa). 
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TRIATOMIC  ALCOHOLS  AND  ETHERS. 

r  alcohols  in»y  be  derived  from  saturated  hydrocarlionB  by  Bul>- 
1  of  three  slODU  of  hydroxy!  for  three  aloiiiH  of  hyilrujjeu,  and  may 
gly  be  regarded  as  coiu|x>unds  of  trivalent  alcohol-radicU'ii  with 
oral  of  hydroxy),  or  as  ooinpoiimlM  derived  fruin  a  triple  molevule 
,  li,0„  by  substitution  of  a  trivalent  ultxihol-raditle for  three  atoms 
gen.  The  hydnxiarbonii  of  the  series  t'„Hj  -)-,  slionld  accordingly 
trie*  of  triatotuio  alcohols  of  the  form  (C„H,„_,)(OH)„  vii.  : — 

eUienyl  alcohol CU(OH), 

lUenyl  alcohol C,Hj(l)H), 

toprnyl  alcohol C',lli(<)ll), 

ftrenyl  alcohol C,ll,(OH), 

Uttenyl  alcohol (-'»"•("")> 

etc.  etc. 

,  liowever,  only  two  are  known,  viz.,  propenyl  alcohol,  or 
i  n  ,  and  p  e  n  t  e  u  y  I  a  1  c  o  h  r)  1  or  a  in  y  1  glycerin. 
riatomic  alcohol  subjected  to  the  action  of  acids,  or  of  tlio  chlo- 
>mid«a,  or  ioitides  of  phosphorus,  may  yield  three  classes  of  ethers, 
yom  it  by  substitution  of  a  halogen  eleioeiit,  or  ncid  radicle,  for 
be  whole  of  the  hydroxy!  ;  thus,  from  clvcerin  nms-  he  obtainiHl 
I  hydrochloric  ethers,  CiHjCUOH;,,  r.UjCljOU,  ('jl'liCI,,  and  the 
je^tii!  ethers,  C,Hi(OC,U,0)(OU),,  C,H.(OCjH,0),0U,  aiid 
,U»0),. 


K 


1  Aloohol  or  Olyoerln, 


c,H,o,    =    (C.UjJoil 


CHjOH 

ciiou 
I 

tlljOH 


iponnd  is  obtained  by  the  action  of  alkalies  on  natural  fats,  wh 
icl,  the  propenylic  ethers  of  certain  faity  acids  ;  llius  stearin,  one 
>nstituenls  of  mutton  suet,  consists  of  jirnpeni/l  Iristtaratr,  (L',llj) 
D),,  a  compound  derivable  from  Rlycorin  itself,  by  substitution  of 
■"^it"*'-*'  ''"'  hydrogen.  Now,  when  stearin  is  boilii)  with  a  caustio 
U  oonverted  into  a  stearate  of  the  alkali-metal  and  glycerin  ;  thus  : 

i(OC,,UbO),    +    3KH0    =    3KOC„H„0    +     C,Hj(OH), 
Btoario.  Potmilum.  Qlyocrlo. 

'  stAarate. 

r  roaetion  takes  place  when  any  otlier  similarly  constitate<l  fat  ia 
rith  a  causlic  alkali.     The  uietallic  snllK  of  the  fatty  Hcids  thus 

are  llie  well-known  Ixulit-s  calle<l  soa  ps  ,  ami  ihc  proei-ss  is  calltsl 
f  ication  ;  this  term,  originally  restricte<l  to  ni-tiial  soap-iiiakiug, 

extended  t<>  all  casw  of  the  resolution  of  a  coniiionnd  ether  into 
ind  an  alcohol,  audi,  for  example,  as  the  «>nversiou  of  ethyl  ace- 

aeetjo  »<id  and  ethyl  alcohol  by  the  action  of  alcoholic  [Mitash. 
in   wan  originally  obtaine<l    by  heating    together    olive  or  other 
oil,  le«.|  oxide,  and  water,  as  in  the  manufacHire  of  common  /wnV- 
•B  insoluble  soap  of  lead  is  thereby  formed,  while   the  glycerin 

bt  the  aqueous  liquid.  The  latter  is  treated  with  sulphuretted 
>,  digeHte<l  with  animal  charcoal,  filtered,  and  cvaporatisi  in  a 
lit  the  temperstnre  of  air.     Qlyoerin  ia  now  pradnoed  in  very  largo 


^ 

lieh         I 


quAntity  and  perfect  purity  in  the  decomposition  of  f^ittv  siih(ttii7ir>^  \<j 

mxaiu  of  ovfT-h«»led  steam,  b  process  whicli  Mr.  ' 

troiJiicvd   into  the  mnnufjicturc  nf  i-amlli-s.     lu  il 

and  glyoiTin  are  produces!  by  assitnilntiou  of  t ' 

an-  curried  over  by  tlie  excess  of  steam  in  a  -' 

which  rnpiilly  xeparatea  into  two  layers  in  tlu-   i.^.-i....      i.i.    ... 

exactly  siniiLir  to  that  which  takes  place  when  a  caustic  alkali  Ls 

efl'ect  the  3ap<juiIicatiou,  t.  y. ; 

+    3H,0    =    3H0C,.H„0    + 
stearic  ac'iU. 


C,Hj(OC„H„0), 
Stearin. 


CjH,(niI 
Ulycerlu. 


Olyceiin  may  also  be  prodnced   from  propcnyl   bromide,   ((',H4)Brs,« 
oi)ni|iound  formed,  as  already  obscrred,  by  the  action  of  •■'■■•.■••■     ,,ti  ^^L 
ioiiidx,  (',11(1.     The  prweasi  consisls  in  («)iirertiiij;  the  ]  'rtMl^l 

into  propi-nyl  triacetate,  (L',Hj)(<)C,lI,0)„  by  the  action  .ic»t^B 

and  deciimiKwing  thin  ether  with  ]iuta.sh.  TImh  mode  of  fonuation  vtt^t 
nut,  however,  be  reKardtsl  as  &u  actual  syiitheoi!)  of  glycerin  fr>no  u<^l 
pounds  of  simpler  constitution  :  for  iho  allyl-compoanda  are  tlicnMll^| 
prepared  from  glycerin  (p.  !)96).  H 

Glvci-rin  is  a  nearly  colorless  and  very  viscid  liquid,  of  "  tB 

1.27,'  and  boiling  at  290O  C.  (554^  F.).     When  quite  pur  3 

It  crystallizes  on  exposure  to  a  very  low  tcnn>erulure,  csj"  .  .a^^H 

M  in  railway  transjxjrt.     The  crystals  are  monuclinic,  )'  'll^l 

and  melt  at  I.'i.tP  t'.  (litK' P.).*    Olycerin  has  an  intii.  t^^^ 

and  mixes  with  water  in  n\l  proportions  :  it«  solution  iloe*  not  uiidercA  thi n 
alcoholic  fermentation,  hut  when  mixed  with  yeaot  nnd  kept  in  avvsJ 
plaiH',  it  is  gradually  converted  into  propionic  acid,  lilycerin  has  iMJ^^taH 
on  vegetable  colors.  Kxposed  to  heat,  it  volatilixes  in  part,  darkii^^^^| 
dei'omposcs,  giving  off,  amongst  other  products,  a«ub«tauca  otUoil  fl|^^^| 
C,ll/),  having  an  intensely  pungent  oilnr.  ^^^1 

Cunc<uitrate<l  jiiVriVo/iW  converts  glycerin  into  glycori'-  a.id  '^^^l 
an  acid  related  to  glycerin  in  the  same  manner  a«  glyiroli  ^^^^| 

and  awtic  acid  to  ethyl  alcohol ;  IxMng  formed   froni   il    I;  '^B^l 

oxygen  for  two  atoms  of  hydrogen  in  inuiUKiiaUi  relatiuu  tu  byjn^^l 
thu»:  ^1 

cH,oii  cn.ou  ■ 

i  I  I 

cnou    4-   0,  =   H,o  +   ciKiii  ■ 

cn,0H  (i.xiii  ■ 

Qlycerio.  Qlyccric  acM.  ^M 

The  formula  of  glycerin  indicate  the  possibility  of  effecting  a  Ki>c«nd  i«^| 
stitutinn  of  the  sanu;  kind,  which  would  yield  cUglyoer<«  oold,  C,n,(\,  li^| 
this  acid  has  not  been  actually  obtained.  ^M 

(llyce.rin,  treated  with  a  inixtiire  of  strong  nitric  and  8ul[.l  •• 

forms  nitroglycerin,  t',lli(N<t,),0,,  a  heavy  oily  liquid  wIk  <■ 

powerfully  by  percussiim.  It  is  much  used  fur  hliwling  in  mmt:!  '"^B 
Marries,  but  is  very  dangerous  to  haudin,  and  hat  given  rlM>  to  Mrn<^| 
nta!  I  ■ 

('>  .ibiiiet  with  the  elements  of  snlpliurin  acid,  fiM-mJng  a  sol^l 

ph"  '     acid,    i',H,0,t<0,,  which   glVKS  soluble  salt*  with  lim^f 

baryta,  and  lend  oxidn.  ^| 

Monat4imic  nry>/«a-urt>/«  (anetfe,  Itontoio,  atoorlo,  ate.),  heafnt  In  ii^NH 
tnbra  with  glycerin,  yield  rMuipouml  elhort  in  which  1,  "J  -■ 

atvms  of  the  jjlyoerln  arc  rcplowd   by  an  vqulralxnl  qu;i:  '  M 

•  Koo«,  Olwm.  Soe.  J,  U7«,  I.  OU.  fl 
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iUU,  aceording  to  the  proportiona  miiploj-ed.    The  resulting  compound 
I  are  danoted  by  Dauif4  ending  in  in,-  tliua  : 


.H.(OH), 
Mjeerln. 

+ 

HOC,H,0 
Acetic  acid. 

=       C,Hj(0»),OC,n,0 
Mooo-acetiii. 

+ 

H.0 

.H.(OH), 

+ 

2mM:-,H,o 

Acetic  acid. 

=     C,Hj(OH)(OC,U,0), 
OlacetiD. 

+ 

211,0 

,H»(OH), 

fljrccrln. 

+ 

3H0CjH,0 
Acetic  acid. 

=   c,ir(oc,H,o). 

TrUcetln. 

+ 

3U,0 

glyceric  ethers  or  glyoerides  thus  produced  are,  for  the  moat 
,  oily  liquidK,  increasing  in  vi.scidity  as  the  acid  from  which  they  ara 
■ad  ha«  a  hi);her  moliHiular  wight ;  thosu  fornifd  Trniu  the  higher 
libers  ut  th«  fatly  acid  gerii^,  C,H,„0,  (xiich  ag  paltuitiu  and  stiraric 
la),  are  «>lid  fats.  Svme  of  the  trijuid  glyieridos,  prixliifcd  nrtifli'i.illy 
ihc  way  just  mentioned,  are  identical  with  natural  fats  mnmrriiig  in  tli« 
ir»  of  (ilaiitM  and  animals  ;  thus  trislearin  is  ideutiuul  with  the  stearin 
jwf  auil  mutton  suet :  triolein  with  the  olein  of  olive  oil,  etc. 
IfdroMorir  and  hi/clroliroimc  add*  act  upon  glycerin  in  the  same  manner 
^sygrn-acids,  excepting  that  the  reaction  always  sto|i8  at  the  second 
pe  0"^^  **  '"  '''*^  action  of  these  acids  on  the  glycols  it  stops  at  the  Qrst 
b)  .  The  ethers  tli  us  formed  are  called  chlohydrius,  bromhy- 
etc,  r.  <).: 


oH.fon),  + 

Qlyeerio. 

HCi   =   c,nj(on),r;i    +    h,o 

UhlurhytlTla. 

CJ1,(»1I).    + 
Oljcerla. 

2HC1   =    C,H,(i)Il)CI,    +     2n,0 
DlctalorbyttrlD. 

nnVf  acts  somewhat  differently,  producing  an  ether,  C,H„IO„ 
may  lie  regarded  as  a  double  molecule  of  glyc<>rin,  having  four 
livalenta  of  hydroxyl  replaced  by  two  atoms  of  oxvgen,  and  a  fifth  by 
Ine,  f,H,oO,(«»H)l. 

'he  cA/urw/r.i  and  hron'uleA  of  p/tosphonis  act  u[Kjn  glycerin  in  the  same 
ni,..r  ,.,  li\  ilrochloric  and  h.vdrol)romic  acid,  but  their  aution  goi-a  on  to 
f  .  prtxluciug  Irichlorhydrin,  or  propenyl  chloride,  and  the 

•«.->i  >'romine-i>ompound : 

c,H,(oii)ci,   4-    Hcij   =   pa,o   +    HCI   +    r,HjCi, 

Dldilurhydrio.  Trlchlor- 

hydrln. 

igdt  of  photphnnu  acts  on  glycerin  in  a  totally  dilTercnt  manner,  yield- 
iodop«Dpene  or  allyl  iodide,  C,HjI  (p.  SDO). 

toBoahlorbydilna,  CjH,  j  ^.j    '». — Of  these  oompoonda  there  are  two 
Ullcations,  viz. : 

CH,.CT  CHj.OH 


CU.OH 

CHj.nn 

Untymmetrleal. 


I 
CHCl 

CICOH 
SymiuetrlciU. 


Tie  firat  ii  the  chief  product  obtained  by  saturating  glycerin  with  hy- 
idiloric  acid  gas,  and  heating  the  litjtitd  for  some  time  over  the  water- 
To  purify  it,  the  acid  liquid  is  saturated  with  smiium  cnrtmnnte, 
a  agilale<l  with  ether,  the  ethereal  solution  is  evaporated,  and  the  re- 
liquid  subjected  to  fractional  distillation. 


iJmW  MBlfe  miA  trij^  hyji  i  Aliiii  aa4  o^allWO  c, 

mteUoa.  It  Ma/  aIm  b»  |fip«ri  <  fey^  <lM<a<t  rtiwito 
Lflrtlf ,  it  may  be  nKlhiiH  ««llv  pot*  bf  aiai^f  niiMitV^ 
mUk  tumimg  h/dmcliiatM  acU. 

li>.nm>i>ir*i  <<i<-hlorliy4ri«,  «c4leMariiH*al^M^«nHpfaM 
!■  ibanal  odv.  »«fMrfi>  gtafll/trf  tJa  a»m 

(il'  ■   ^C.  Qto.aoF.).  aMJIy  aatoMe  to  alwifcal  —4  tdj 

•|MWii>j(l/  tit  ••trr.     Br  «adiiMi  naafyiw  it  ■  WTiTted  bits  »•«■<' 
liropxl  aleobol,  Ct^— <niOD— CH^aad  kranrAtfMa  «iib  <l(l«to<k 
'    *cM  ■ialorv,  iaio  acvtone   Jieb  li>rid«,  Cll, — 
—  -  cdoMrfa  Hfanaa  dio7»Dli;arin,  CHrCK — • 


rna/raniatrlpal  DIcbUrhxdrlB  (ooommdIt  eaU(4  fAtar*^  y  b 
aUulvJ)  la  fnrtiM^  l>/  ••litlUno  of  eblorina  to  alt.Tl  akoital,  CU,_C8 
CM,<OU>,  or  ur  brp<x:hiM«Qa  add  to  all/l  chloride : 


Cll, 
ClljCl 


+   noH 


CH,-OH 


It  hM  a  ntwoldx  itravUv  of  1.37!>  at  (P  ;  boil*  at  IRSQulKIDC. 

Ml  A'>  '•  ■     ■ ........I  1 i.n; i; i n,i  .t.-nhol, 

I  rliVltrilM 

Vi-r '■  "'-■■■;  I,  ;     '  ,   ,  .1  . 

Trlohlorbydfln,    (Hi/crryl    trichlnridr,    nr    AHyl    thfUarUt,   CJi 
t'lljCI — ("IK'I — i:il-'"l    lii  fonuwl  bjr  Ihuacthinnf  phtwpbnrtta  f-"**^ 


OLTOXRtN. 


618 


on  «ith)<r  of  the  ilioUlorh/drini  ;  &l«o  (together  with  CHj.CHCl.CHCl,)  ^,y 
Ihe  oction  of  iwlinf  chtoriJn  on  propeiie  cliloriclp,  CHj.C'HCl.CH,Cl  ;  »nd 
bjr  clilurinntioii  of  prupeiiu  and  of  |)!<euiluprop>'l  iodidu.  It  is  n  Uqiiid 
wUirh  «iuclls  likx  vhluruforin,  has  a  sjwcilic  gravity  of  1.417  nt  laO  C. 
(SltO  K),  and  boils  at  158'J  C.  (316.40  F.)-  UealBd  with  solid  potaasium 
or  soilium  hydroxido,  it  forms  <l  i<ih  loroglyoide,  CHj^rCCI — CH,C1, 
boiling  at  94^0.  (2lO\,2p  V.).  Heat«d  with  sulphuric  aoid,  it  fonm  mouo- 
chloracctone,    CUj— CO — CHjCl. 

Bromhydrina.  —Afonohromhydrin,    C,Hi(OH),Br  »  CH,,Br— CH. 

OH — l'il,.i)ll,  obtained  by  the  action  of  hydrohroniiu  add  on  glycerin,  is 
lui  oily  liquid,  lioiliug  in  a  vacuum  at  18ll^  C.  (350°  F.)- 

Sfmmetrical  Dibromli  ifdr in  ,  CH,Br — (-'H.OII — CH,Br,  prfpan-d 
from  glycerin  and  hvdrobromic  acid,  ia  a  lii|iiid  having  an  eth«r<uil  wlor, 
•  speoiBc  gravity  of  2.11  at  180C.  (54.4'^  F.),  and  lK)iling  at  21!'^  C.  {42lJ.2a 
F.).  Vntymmrtrieal  dibromhyilr  i  n  .  t'H.Br — TllBr — C'H,OH,  from 
■llyl  airoliol  and  bromine,  boiU  at  21:^214^  C.  (413.(^17.2^  F.). 

Tribromhydrin,  Gli/cerifl  t fibromidt,  or  Allifl  tribromide, 
CLH,Br,=Cll2Br— CUBr — CU,Br,  ia  obuined  by  the  action  of  bromine  on 
allyl  iodide  : 

C^H,!    +     2Br,    =     IBr    +     C,H,Br,. 

It  cry^talliios  in  colorless,  shining  prisma,  ni.dta  at  10°  C.  (60.80  p.),  boiU 
U  'Zi'->  ---!>-  C.  (42(j.20-42^Cl  K.)  ;  is  <«.nvert.,-d  by  caustic  potash  or  soda 
tato  dibromoglycide,  CU,_CBr — CH,Br,  boiling  at  lal'^-lSSO  C. 
303.80-305.60  F.). 

Xodhydrins.  —  Mnnoiodhydrin,  CjH,  <  J  '',  obtaiupd  by  heating 
glywrin  U<  liKO  c.  with  hydriodio  acid,  ia  a  viscid  liquid,  having  a  apecifio 
grarity  of  1.783. 

Di-iodkydrin,  C,H(OH)I,=CH,I.CH(OH).Cn,I,  obtainwl  by  healing 
•ymm«"trii.-al  dic-blorliy<lrin  with  aiinwiuM  iK)tJissiuni  ioilidc,  ia  n  thiol<  oil, 
having  a  8|>«cific  gravity  of  2.4,  and  solidifying  to  a  crystalline  niaaa  at 
— 150  C.  (50  F.). 

Tri-iodhj/drin  or  (tlgrtriil  tri-indidr,  CjHjI,,  docs  not  appear 
la  tw  Okpsbti)  of  existing,  inasmuch  as  the  action  of  bydrio<lio  aoid,  or  of 
iodini-  and  phosphorus  on  glycerin  yields  nothing  but  allyl  iodido  and 
btx  iijdine. 

OlyOlde  compoonds. — When  diihlnrhydrin  is  treated  with  potash, 
itgivi'S  up  a  inoleculi-  of  tiydriK'liloric  .vid,  and  is  converted  into  a  com- 
poond,  C^U^OCI,  calleil   epiahlorhydrin: 

Cjnj(on)ri,  —  nri   =  c.HjOci. 

This  ootnponnd  may  lie  rcgarile<l  ai<  the  hydrochloric  ether  of  an  alcohol, 
C,ntO(<)ll),  oallud  ijliiridr,  fnnned  from  glyi;erin  by  abstraction  of  H,(>. 
hlbrombydrin,  (■jUj(01I)Brj.  treate<l  in  the  same  manner,  yields  epi- 
brom  by  d  r  i  u  ,  or  the  hydrobromic  ether  of  glycide,  C',lljOBr.  Epicblor- 
hydriu  bi-at<xl  with  dry  potassium  iodide  ia  converted  into  epi-iodhy- 
dria.   (Ml  Ol: 

CH»0C1     4-     KI     =     Ka     +     CjHjOI. 
Tli<-^H  glycidio  ethers  are  easily  reconverted  into  bodies  ot  We  g\5CCTVa 
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type.    Tliug  cpiohlorhydrin  oombinca  with  acetic  acid,  forming  g  ly ccrio 
acetoclilurbydrin  : 

(C,Us)C10    +    HOC,H,0    =    (C,H,)C1(0H)(0C,H,0): 

and  with  nkviliol  in   like  manner,  forming   glyceric  ethylohlorki 
drin,   (C,H,)Cl(OU)(OC,ll5). 

Epichlorhydrin  unites  directly  with  tnifer,  forming  glyceric  mei 
culorhydrin,  C,HjC011},Cl. 

Epichlorhi/drin  or  Oli/cidic  Hydrochloride,  inomeric  ' 
monoclilurac'elcine,  may  be  ubtoinod  by  at;ilating  either  of  the  dichlo 
drina  with  strong  potash-lye : 

CH.OH    4-    KOH    =    KCl    +     H,0    +         ^^11 

)  " 

CHjCl  CII.CI . 

It  b  •  mobile  liquid,  having  a  specific  gravity  of  1.194  at  OO,  boiling  I 
1190c.  (246.2  ^  K.)  ;  insoluble  in  water ;  easily  soluble  in  alooliol  andetl 
ItsraellM  lilcc  clilnniform,  and  has  a  burning  sweetish  taste.    When  ha 
with  fuming  kt/droc/Joric  acid,  it  is  converted  into    symmetrical 
chorhydrin : 

,CH,  CH,a 


II 
CH 


+         IICI         =3        CH.OH; 

I  1 

CHjCl  CH,a 

and  by  prolonged  heating  with  water,  intomonoohlorhydrin.   Ha 

(CI 

with  o/roAo/i,  it  yields  ethers  of  eh  lorhydrin,  snch  as  C,lli<  OH 

(O.CI, 

which,  when  distilled  with  potassium  hydroxide,  are  converted  iiiu>  *l« 

holio  glycides  or  glycidio   ethers;  thus: 

cH,ci  ^^n, 

CH.OH  +    KOH    =    Ka    +     H,0    +        ^HTH 

CHj.O.CjH,  CH,.O.C,n,J 

Ethyllc  ehlor-  Ethjl       \ 

hydrio.  rly«Mc 

/r%/-.7/yct(fe, C,n,.O.Or,nj  (or  epielhvlin),  boilsat  12(;Q-1.SOOC.  (3S& 
F.)  ;  amfil-ylucidr,  CjUyO.O.CJl,,.  at  ISSO  r.  (370.43  F.). 

Eplbromni/drin,  C',n,OBr,  from  either  of  the  two  brnmhydrins, 
at  l:WQ-14(>o"C.  (282.2'J-2840  F.);  rpi-indhydrln,  C,ll,OI,  obuined  I 
heating  epinlilorbydrin  with  solution  of  pntassiora  iodide,  boils  at  ah 
KHPC.  (32(»>-'F.). 

TricAlnrhi/drin,  hented  with  potassium  hydroxide,  which  abstraeta  1 
yields   dio'hloroglyoide,  C,U,CI,  =  CH^CCl— CH,C1. 

Alroholie  Elhert  0/  Gli/crria. — Derivatives  of  glycerin  cnnti 
Ing  nlcohiil-radicles  are  formed  by  heating  the  mono-  and  dichlorhyi 
with  siKlium  alcohol,  thus  : — 

C.hJ  J?J  +  2(r.H,O.Na)  =  2NaCI  -f  O.H.j^^^.  „       . 

UIchlorhydrlD.  Dlrthylto. 


GLYCERIN. 


^itdiin-ethylin,    C^Hj-i  [^„  .j'  ,  is  solubK*  in  nrntor,  and  boils  at  2300, 

Hf446'  F.}.  Oieth/liu  jB  sparingly  soluble  in  water,  anu'lls  lik« 
Kpt-nuiut,  baa  a  specific  gravity  of  0.!):i,  ami  IxiIIh  at  liUO  C.  (37.1.80  F.). 
rrirtliy  lin,  C,Uj(O.C',lij)„  fonued  by  the  aolinn  of  ethyl  iodide  on  the 
kkjiam-derivative  of  dietbylin,  is  a,  liquid  insoluble  in  water,  boiling  at 
,«S0  C.  (3650  F.). 

Ally  li  n,  C,llj<  I,  ,,  jj   .is  produced  by  beating  glycerin  with  oxalio 

dd,  and  occurs  (together  with  ({lycerio  oxide)  in  the  residne  left  after 
rating  the  priKluct  to  2iHK>  C.  (SOIP  F.).  It  is  a  viscid  liquid,  boiling  at 
■25—JAif^  C.  (4370^tMO  F.). 

Glyceric  oxide  or  glycerin  ether,  (C,Hj),0„  occurring  together 
ith  allylin,  as  just  uientioiied,  boils  at  109^-1720  C.  (330.2=^-341.6^  F.). 

The  ethers  of  glycerin  containing  acid  radicles,  including  the  natural 
la  and  fats,  will  be  described  under  the  respectiro  acids. 

PolyglycoTlna. — Two,  three,  or  more  niolccuU-s  of  glycerin  can  unite 
itn  a  »jiit;le  luulecule,  with  eliniiuatiuu  of  a  iiuuil>cr  of  water-innlcciHea 
)u  by  uui.^  than  the  number  uf  glycerin  uulccutcs  which  cumbiuc  tu- 
>ther ;  ttaua: — 


2C,H,(0n), 
Qlyoerlo. 

3C,Hj(0H), 
QlyceriD. 
Ijr:— 
»C,H,(OH),    — 


—     U,Cf     = 


—  2U,0     = 


(»^1)H,0     = 


DIglycerln. 


(C,I1.),{J 
DIglycerIa 

Triglyccrln. 


The  product  is  a  polyglycerin  whose  atonitcily  (<leterinined  by  th« 
luuber  of  etjuivttlents  of  hydroxyl  contaiuf<l  in  it)  is  ii  -}-  '2. 

The  luivie  of  preparing  the  polyglyceriiia  is  similar  ti>  that  of  the  poly- 
■lienio  alcohols  (p.  til)3),  and  consists  in  lieating  glycerin  with  monouhlor- 

rn,  whereby  diglyccrin  and  hydrochloric  acid  are  formed  : — 
C,HjCI(OH),    +    C,nj(OU),    =     (C,H4),0(0H),    +     IKl. 

he  hydrochloric  acid  thus  fonne<l  converts  a  fresh  quantity  of  glycerin 
ito  ohlorhydrin,  which  then  acts  in  a  similar  manner  on  the  diglycerln, 
id  converts  it  into  triglycerin  ;  and  in  this  iitiinner  the  process  is  con- 
BdmI.  The  polyglyoerins  may  then  1*  separateil  by  fractional  distilla- 
oD.     Their  properties  are  but  liltlt-  known. 

laopenteoyl  Alcohol,  or  Amyl  Olyceiln,  C,H„0,  s  (C,H,)(OH),. 
-This  compound  is  forme<l  from  Ijromo-isopenteiie  dibromidc,  CjH,lJr.Br,, 
r  iao|itiDt«nyl  bromlile,  l'jiI,Urj,  by  the  series  of  processes  represented  in 
M  following  equations  ; — 

C.H.Br,    +    2AgOC,II,0     =     2AgBr     +     CA 1^'^%"'°^' 

^bnjitenteityX  Silver  Silver  letoiirntrnrl  OUoeto- 

^K^troml'lc.  »ct?tKte.  bromlOe.  brumhyUrln. 


CjH  J  ^^*|J^**^  ^»    4-     2K0H    =    2K0C,Hj,0    + 


liuprntpoyt  illweeto- 
bromhydrlu 


Pntntnlum 
liydrKte. 


Potfifltluin 
aoctAtf. 


C  11  ( <o">> 

*-»"•(  Br 
I»opeiit**nyl 
bruuihyUriu. 
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(,„    ((OH), 

Isapvntcd} 1 
bromJiydria* 


4-     KOH    =    KBr    4-     (C5H^(0U), 

lioiienlcnyl 
kicohol. 


Amyl  gljroeria  U  a  thick  oolorleu  liqtud,  having  a  sweet  aroiiuUc  1 
aud  sulublu  in  water. 


TETiUTOMlC  ALCOHOLS  AND  BTHKR8. 
The  onljr  tctratomic  alcuhol  at  present  known  is : 

Erythrlte.  r,H,|,0,  =  (C,H,)(OH).,  aldopallwl  Erftkromanitiit,  F.ri 
glucin,  iiiul  f^iifcilt,  wliicli  i»  Uiu  t«lraU)niic  aloilKil  aualogoiia  tu  btttfl  I 
hoi.  C,I1,,0,  and  butyl  glycol,  C,U„0, ;  ttie  ourreiipoiidiiig  glyewtii  l»| 
known. 

Krytlirite  is  a  garcJiarine  sabstance,  existin)^  ri»aily  foriitMl  in 
rulyari:     It  wa»  originally  disctn't-red   l)y  Dr.  Sti'nti"ii»«   anions  lUr  (•»>. 
darts  of  dt-comptHJtlon  nf  t-rythrir  acid.*     Ft  i!r.> - 
pari-nt   prisms,  is  readily  solnhlt>  in  vator,  iipnrin 

insoluble  in  ether  :  not  rerinentable.  ik-atwl  witli  iniurt,-!,,  ,n,,i,  it  jrM 
seoomlary  butyl  iodide,  C,H,I  (p.  3(?2): — 

C,H„0,    +    7HI    ™    C,H,I    +    4U,0    +     31,. 

Heated  with  o-ryjrn  odJii,  it  forma  compound  ethers,  In  t?> 

hols    III   f;eneral  ;  thus,  irith   henzoir  arid,  ('•ll,<>,,  or   II' 
dilHMKoate,  (C,Il,)(OH),(UC,Hj(i)j,  and  a  heiElienioatv.O  ,    ... 
2C^il,C),,  consisting  of  neutral  bcuzoyl-crythrite,  united  With  iwui 
of  beii2<>ie  acid. 

A  tetratomio  ether,  viz.,  Klliylie  Orthnearhonate  ot 
bonie  Bther,  <'('><',Hi),.  aiml'>>,'oiu  to  earlmii  ti-tracliliM 
formed  by  the  action  ot  sodium  ethylate  on  chluropicrin  (p.  b\i,u) 

CCI,(NO,)     -f     4NaOf,H,     «     SXaCI     +     Na.NO,    +     C(ttC^ 

It  is  a  Ifqnid  having  an  elhere-al  o<ior,  and  boilhi);  at  1&8O.1B9O0.  (Sll 
3J8.2P  K.).  tloated  with  ammonia,  it  yivldji  gnanidin^,  CN,IIfc  I 
ethyl  alcohol : 

cfor.n,),  +  3NU,   »  cN,»4  +   4c-,n.on. 

The  mrresponding  alcohol,  C(Oll)„  ha.t  probably  no  exlat<in(«,  U 
tnnch  as  one  eari^in-atom  appears  to  be  Incapable  of  linking  l«c«tberi 
or  more  hydroxyl  groups. 


HEX  ATOMIC  ALCOHOLS  AND  KTHRR8. 

Thl»  Plajii  of  pompoiMidg   inrlndei.  miMt  nf  the  »a<Hharin«.  snfaal 

foiiinl  in  plants,  ainl  mjirrs  iirmliired  from  them  bv*r«i«.' 

lion.     Threif  of  the  natural  •ii);nr9,  manni  If,    du'leii. 

haring  the  nmiiHHlilon  (•.ll„<i„  or  C.ll.fon),.    are  •ni 

■Iw.lioU  derivod  from  Ibn  miiiraled  bvdnwnrUm,  I'.ll,,.     in-rvraJ  Ml 

oalliMl  !luao8*a,  amuin  fill,/1„  thai  Is  to  say.  two  atom*  of  h^r 

•  See  the  Chaprer  on  Colortnr  Matter*. 
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than  mannite  and  dalcite,  and  nmy  therefore  be  regarded — so  far  aa 
eoni|M>sition  i«  oouci-riiwl — as  tlie  a1iIi'1i_viIi?s  of  tlieaf  ali'uhols  ;  iuor«oTi-r, 
ur<liiiary  gliiui»<<  (gra|>r<-sugar)  ia  cuiivertud  intu  luitniiilu  by  thi.<  artion  of 
nasorul  li,rdru(;eii,  just  aii  acetic  aldebyde,  l',M,0,  i»  converted  into  com- 
mon aJcohol,  C',U/>.  Further,  there  ar«  digliicoaio  alcoliols,  or 
»aoc  haruses,  C„H„0,,(^3C,H,,0, — U>0)i  related  to  glucoses  in  the 
Mme  in^uiier  as  dietliiMiJc  alcohol  to  glrcol,  or  (li);l>'cerin  to  glycerin  :  the 
must  luiportaiit  uf  these  are  cane-sugar  nud  milk-sugar;  and,  lastly, 
there  are  certain  vegetable  products  calliMl  amyloses — vii.,  starch, 
cellulose,  and  a  few  others,  represented  by  the  formula  r,H,,Oj,  or 
mulliple«  thereof,  which  way  be  regarded  as  the  oxygen-ethers  or  anhy- 
drides of  the  glucoses,  or  of  the  diglucosio  alcohols,  inasmuch  as  they 
differ  therefrom  by  a  molecule  of  water. 

These  three  groups  of  comitouuds,  which  consist  of  carbon  nniled  with 
hydrogen  nnd  oxygen  in  (he  projwrtion  to  form  water,  are  inclnded  under 
the  general  name  of  carbohydrates. 


Saturated  Hexatomie  Aleoholi. 

[annite,  C,n„0,  =  (C,H,)(OH),. — Tliis  is  the  chief  component  i 
amiii,  an  exudation  from  n  xpecies  of  ash  ;  it  is  also  found  in  the  juice  of 
Catrtain  othi^r  plants,  in  several  sea-weeds,  and  in  mushrooms.  It  is  l»>8t 
prejiartsl  by  trciiting  manna  with  boiling  alcohol,  and  filtering  the  solu- 
rhilst  hot ;  it  then  crystallizes  on  cooling  in  tufts  of  slender  needles, 
mite  may  be  proilucd  artiticiully  by  treating  a  solution  of  glucose  with 
iuin-auiolgum,  the  glucose  then  taking  up  2  atoms  of  hydrogen : 

C.H„0,    -J-     H,     =     r,H.,0,. 

The  same  transformation  of  gluoone  sometimes  takes  place  under  the  action 
of  certain  ferments. 

Mannite  crystallizes  in  thin  four-sided  prisms,  easily  soluble  in  water  and 
m  hot  alcohol,  insoluble  in  ether.  It  is  slightly  sweet,  melts  at  H\(fi  C. 
(330.80  F.),  has  no  action  on  jwlarized  light,  and  is  not  fermentable,  ex- 
cept under  very  nnnsual  conditions. 

Hy  oxidation  in  contact  with  plmiimm  Hack,  mannite  is  converted  into 
mannltic  acid,  C',H,,<>,.  and  mannitose,  C',M|,0„  a  kind  of  sugar 
itomirric  with  glucose.  By  oxidation  with  nilrir  nci'rf  it  yields  saccharic 
•Cid  ,  C,!l,„0„  and  ultiniatoly  oxalic  acid.  Manuilic  acid  and  saccha- 
ric acid  are  related  to  mannite  in  the  same  manner  us  glycoUic  acid  and 
oxalic  acid  to  glycol  ;  the  relation  between  the  three  componnda  is  shown 
by  the  following  formuls : 

COOH 


CH.OH 

cnoH 
cnoH 


^HOH 
f'HOH 


COOH 

cnoH 


CHOH 


"IHOH 


:noH 


(^HOH 


■■noH 


;hoh 


'•HOH 


CH,OH 
Mannite. 


rifjOH 
Mnnnltls 


52« 


•old. 


rooH 

SncfhurVe 
acVd. 


uiBiluui   ui    uiLvuuui  114  ^vuviiu^   tuu — niviinimii  ui — nsv — aimwxnT^rt^m 

uniting  togethfr,  with  (>liiuiuatioii  of  one  or  more  moli-ciiltai  of  wi 
reaultiuj;  i»m|ioiinil9,  eallt'd  iiianii  i  t  anitles  ,  bear  a  eonaidera 
blance  to  tlie  fata ;  but  tlieir  oumpoaition  has  not  been  Tel 
determiniHl. 

These  etliers,  »ln>n  sni>i>riilli>(l  with  alkalieA,  yield,  Dot  nuu 
mail  n  i  tan  ,  t'gll||U^,  a  ronipuiiud  ditfering  from  tnanuitu  by  oiM 
of  water.  Tlie  mime  coniiMxind  is  rditained  in  Muall  quantity  b 
mannite  to  'AH.*-'  (.".  (.IS^*^  !■'.),  and  more  easily  by  prolonged  I 
inaDiiitu  with  ^tron);  liydnKhloric  arid.  It  in  a  syrupy  li(|Uid,  w 
tilizea  slowly  at  I4tlO  C  ("2840  ]•'.),  ami  dissolves  ea^sily  in  wall 
oold  absolute  alcotiol  :  this  lust  property  affords  the  meaiiB  of  I 
it  from  niannite.  When  expired  to  the  air,  it  slowly  absorb*  n 
is  reeonvertiKl  into  luannite  -,  thu  uliangc  is  accelerated  hy  bO 
acids  or  with  alkalies. 

Haunite,  Utiled  with  buti/rie  arid,  gives  np  two  molooolec  of  « 
1b  oonverti-d  into  mnniiidct,  C,H,„0,,  wliich  is  also  a  gynipy  II 
differs  from  niannitan  in  being  luueli  more  volatile,  evajHirating  i 
l-Uio  ('.  (:!8-lo  I''.),  and  in  In'ing  quickly  reconverted  into  maim 
posurc  to  moist  air.     It  dissrdvi-s  easily  in  water,  and  iu  al»olut 

The   two  auhydrides  of  luaunite  may  be  represented  by  i 
formuls : — 

^•"»  (  (OH),  ^'"i 

Mannltao.  Mauoide. 

Balolte,  C,n|,n,,  also  called  Dulcin,  Duleoie,  and  Mrlampyr 
BUgar,  ihiiiiicric  willi  uiaiuiite,  is  obtained  from  a  crystuUine  sub 
nnkiKiwn  origin,  iiiiporli-<l  fnmi  Madagascar:  it  is  extracted  thel 
Kiiling  with  water,  and  crystalliites  from  the  filtered  solution, 
likewise  obtaine<l  from  .t/r/ii»//<yruin  ntiiuxromiiH,  by  mixing  tb« 
deiXR'tion  of  the  plant  with  lime,  ronceutrating,  adding  hydrocb 
in  slight  excess,  and  evaporating  a  little  i  it  then  separates  in  a 
the  liquid  ooola. 
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li  a  il  u  1  c  i  t  e ,  CjH|,0,,  or  CjHijOj.H.O,  a  Biiccharine  substance  isomoric 
rith  maiiuit«  anil  dulcitc,  isi  proiluctMl  by  tb«  action  ufililuto  acida  ou 
Dercilriu,  a  yrlluw  gubstanw  uocurring  in  qncrcitnm  bark.  It  forms 
Irje  Iransparont,  regularly  developed  crystals,  resembling  those  of  cane- 
agUT  :  it  it  tweeter  than  grape-sugar,  not  fermentable,  dissolves  in  2.09 
Biti  of  water  at  16'- C.  (64.40F.),  and  easily  in  absolute  alcohol.  The 
>lationd  turn  the  plane  of  polnrization  Ut  the  right.  IsiKluleite  melts, 
ith  lots  of  water,  between  U':.o  C.  (221°  K.)  and  llOO  C.  (2:«lO  F.),  is 
ilored  jrellow  or  brown  by  strong  sulphurio  acid  and  caustic  alkalies,  and 
cuprio  oxide.  By  a  mixture  of  nitric  and  siitphuric  acids,  it  is 
~  into  a  slightly  explosive  nitro-uompound,  C,I{,(NU,),0(. 


tblte,  CjFI.jO, -J-  IJHjO,  occurs   in  the  iKrriea  of  the  monntain-ash 
nail    ervstals,  easily  soluble    in  water.     It    gives  titf   its  water  when 
and  melts  at  lluo  f.  (23(13  K.). 
Maonite,  dulcite,  and  sorbite  are  distinguished  from   the  true  sugars 

res   and  saccharoses)  by  not   fermenting  in  contitct  with  yeast,  and 
reducing  an  alkaline  solution  of  cuprte  oxide. 

Ptnlte   and  Qnerclte   are  naturally  occurring  saooharine  bodies,  tao- 
eric  Kith  munuuan  uud  dulcitan. 

Pioiteii  contained  in  tbesapof  aCalifornian  -pme  {Pinut  Lam/>frtiana), 
tA  is  d>-{M»iled  from  the  aqueous  extract  of  the  hardened  Juice,  in  hard 
bit«  crystalline  noilules,  as  sweet  as  uane-sugar,  very  soluble  in  wati'r, 
rly  insoluble  in  alcohol.  It  turns  the  plane  of  polarization  of  a  lumi- 
rajr  to  the  right ;  it  is  not  ferraentuble.     Witti  btnzoic  acid,  it  forma 


m  i  (OC,HjO), 

Be n(opinite,C,H, ^O  ,and  tetrabenzopinite, 

f  ((OH), 

f  O 
ill,  <  ,^yf,  11  ».    ;  and  similar  oompouuds  with  sttaric  add. 


4 


Qa  erci  te  is  a  saccharine  sniMtance  extracted  from  acorns,  by  treating 
>e  aqueous  infusion  with  milk  of  lime  to  remove  tannic  nciil,  leaving  the 
quid  to  ferment  with  yeast  to  remove  fermentable  sugar,  evaporating  fho 
Urate  to  a  ayrup,  and  leaving  il  to  crystallize.  It  forms  hard  monwlinio 
rjritals,  which  grate  between  the  teeth,  and  are  soluble  in  water  and  in 
91  dilute  abxihol,  Ilented  in  a  sealed  tuU- with  hrmfiir  <iriil,  it  forms 
kanxoqueroite,  having  the  same  comjtoBition  as  dlb«nzopiiiite. 


OARBOBTDB ATEB. 


name,  M  already  observed,  is  given  to  a  class  of  compounds  oon- 
ilng  6  or  12  atoms  of  carl>on   united  with   hydrogen  and  oxygen  in  tho 
roportion   to  form  water.     Tiiov  may  be   regarded   as  derivativt's  of  tho 
atomic   alcohol,    C,H„Of,  and   are  divided  into   the   three   following 
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Gluconr.s, 
C.II„0,. 
-\-  Grapi'-flugar* 
or  Dc-xlro»e. 
—  Kruil-sugnr 
or  Li-vulose. 
MannilOKU. 
•}•  (.inlacUwu. 
IiKisito. 
Sorl>in. 
-{■  Kiicalyti. 
Dniulx>se. 


Most  of  Ibpse  compotinds  occur  i 
as  duxti'o:ic,  lAotose,  glycogen,  ami 


Sa<x/iamses, 

+  Cani»-9iipar 

or  Saecharofii?, 
-f-  r.irasncpharoso. 
+  Mflitosii. 
-f-  M<-lt.'xitnsi>. 
4-  Tr.'lialose. 

-f-  Mvi!<>»«. 

SyiuiiilhriiMi'. 
4-  Milk-suxiir 

or  Lactose. 
-J-  Maltose 


<"."i.Or 
4-  Starch. 
4-  De«trit>. 
-f-  fJly^'Rirn. 
—  Inalin. 

tVllulo*.-. 

Tuniciii. 

Gum. 


in  the  r<^gt^tallt•  organUm  ;    •  dnr  I 
inositv,  ill  the  anliniil  organiaia. 


GUeottM,  C,n„0,. 

The  Bngara  inc)u'1<<d  in  this  formala  mar  bo  reganl«><l  as  aIil<ikjniM| 
tho  eaturatiHl  aluoliols,  C',U„U,.     Ordinary  glucoau  ();ra{i«-«UKar)  la 
vprted  into  mannitv  liy  tli»  action  of  nancoiit  hydro^ui)  (j>.  UIT),  »ai,t 
tlie  olhur  hand,  mannite,  wlit-n  (lowly  uxidixt^l  in  iionLai'l  with  (tIaUni 
black,  ia  partly  convertfxl  into  mannitiMp.     NVvprlhclesii,  lh«  ginvo 
exiiiliit   llic  cliaraclorialic  profx-rly  of  alcohols,  nuiiioly,  tliai   u( 
ethvrs  hy  cumbinntiou  with  acids  and  eliminntioii  of  vnt'—       t   -  fa 
of  a  glucose  may  indt>e<l  hv  dcrivod  from    tliutof  munnji 

617,  by  removing  two  hydrogen-atoms  from  oe f  the  gi  ijjj 

other  groups  remaining  as  lM-for<< ;   the  gluruttes  may  therefore  bo  ( 
to  act  aa  peutat4imiv  alcohols.     Bodies  thus  ooustltuted  may  ba  i 
coholic  aldehyde!. 

The  following  varieties  of  glnooae  are  known  : — 

1.  Orilwary  glucose^  prodiKMnl  by  hydration  of  stanch  under  (h«  iafli 
of  dilute  acids  or  of  diaslmo',  and   existing   rx.vly-fnruosl,  togvtb 
other   kinds  of  sugar,  in   honey  and  variouB  fruits,  cspvclally  In 
and  alone  in  diabetic  urine. 

2.  Lerulote,  existing  in  cane-«ng»r  which  has  bmm  actail  apne  Imt  i 
and  obtained  pure  by  the  aotion  of  dilute  a<!ids  npon  •  variety  oi  • 
called  innlin. 

5.  Mnnnilme,  prodnced  by  oxidation  of  niannlle. 
4.  Cnlaclofe,  formed  by  the  notion  '>f  aoida  on  luilk-aagar. 
>5,  Ino$ite,  existing  in  muscular  I1i>«h. 

6.  Harliin,  obtaini'd'from  inouiitaiii-ash  horrie*. 

7.  Eurnli/n,  exJKtiiig,  together  with    another   kind  of  %\)gtx,    la    tnar  ' 
called  Australian  niaiiuu. 

8.  Dnalmte,  obtaine<l  from  a  saccharine  sabstanoa  axlstiuf  In  Al 
oaoatchouo. 

The  (Irst  three  of  thwio  glueoscs  eshlbH  but  Trrr  »11ffT)t  Air,, 
their  chemical  properllcji,  dllTering  chiefly  Indeod  in 
i««il  light,  and  a  few  other  phy«(iiil  projMTli'-*.     T< 
arid   by  oxidation.     Ualactrwe  dilTers   from  tli 
when  oxidiied.      Inosite,  sorbin,  and  eiic»lyii 
ene»!»  In   their  chemical   properties,  espwially  lo  ii"i    n.  nn; 
exiwpt  under  very  peculiar  circamataucc*,  wherea:4  the  four  iHJwr  l 


•  The  +  ilrii 
1  fifht)  llie  —  1.; 


it  th«  rutidnnite  itirns  the  plane  of  polaHnllea  rtl 
lutikWon  to  tt»«  t«tt. 


OLUCOSE. 
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Tinnua  fermentAtion  when  plAcui),  nnder  oprtain  coniiitinns,  in 
t  with  yeiiKt. 
All  tht?  (.'liKXJSw,  except  iiioeite,  are diwomposed  bjr  boiling  with  aqneona 
aJkali>-A;  this  propi-rty  distingiiixhe^  tlu-m  from  niaiiniti>  and  diilritf. 
Tlicy  art:  nut  i'.irlN>niiHd  by  stmiij.'  xuliihurio  acid  at  ordinary  tt^miur.i- 
lur<«.  When  boik-d  with  a  solution  of  potassio-cupric  tartrate,  they  throw 
down  the  copper  in  the  form  of  red  oirprous  oxidu. 

1.  Ordinary  Olneoae,  Dextro-Blaooae,  Deztroae,  C,H„0^. — This 
Tariety  o(  siijjiir  is  wry  aiiundantly  ditliised  throiifih  the  v<j;etnble  kin^;- 
doDi :  it  may  be  extracted  in  \ar[(v  quantity  from  the  juiee  of  sweet  ^'rnix'S 
(whfnn*  it  is  often  rallied  yrnpr-su/iar) ,  also  from  honey,  of  which  it  forma 
the  solid  crystalline  jKirtion,  by  washing  ivith  cold  alcohol,  which  disaolven 
the  fluid  syrup.  The  nppearanco  of  this  sulislance,  to  an  enormoiiM  ex- 
tent, in  the  urine,  i»  the  most  characteristii:  feature  of  the  disease  called 
dililtH'ti.  It  exints  in  diaVttic  urine  unmixed  with  any  other  kind  of  BUjjar, 
and  is  easily  obtained  by  concentrating  the  liquid  till  it  crystallizes,  washing 
the  crystals  with  cold  alcohol,  dissolving  them  in  water,  and  re-crystallii- 
ing.  It  may  also  be  prepared  from  starch  by  the  action  of  diastase,  a 
peculiar  ferment  existing  in  germinating  barley,  or  by  lH)ilin(;  with  dilute 
aulphuric  acid.  In  these  reactions  the  starch  taki-s  up  the  elements  of 
water,  and  is  resolved  into  glucose  and  dextrin,  a  compound  isomeric  with 
•larch  itself. 


Stare. 


,1'' 


+     H,0 


r,H„o, 

Ulucuae. 


Dextrin. 


ncocie,  when  riKjnired  in  considoralilo  quantity,  is  always  prepared 
Htarcli.     Cellulose  is  likewise  ctmverted  into  glucose  by  the  action  nf 
.      (>«!.tly,  glucose   is   produced   by   boiling   natural  glucosides   with 
,t«>  acids. 

ucose  is  much  less  sweet  than  cane-sngar,  and  less  soluble  in  water 

UkX  in  alixdiol ;  anhydrous  glucose  dissolves  in  1.224  parts  of  water  at  150 

C.  (5i>0  v.).     From   its   aqueous  solution  it  separates  lu  granular  warty 

ronsisling  of  a   hydrate,    (',H|,0,.H,0,    which  leaves  anhydrous 

fllneoav  as  a  fuseil  transparent  mass  when  heated  to  lOtiO  C.  (212^  F.),  or  as 

',it.'  iMiwiler  when  lieatwl   to  55-  C.  (1310  F.)  or  tillC  C.  (1400  F.) 

im  of  dry  air.     Thi*  alodiolic  solution  de|M>sils  anhydrous  glucose 

L .-.ipic  newlli-s  which  melt  at  14tlO  C.  {2840  F.).     In  the  state  of 

llolution  gliirinte  turns  the  plane  of  p<darization  of  a  ray  of  light  to  the 
f  liilit  dicnce  the  nami-s  f/trfr<«//Mco»r  and  iltjlrntf)  :  its  specific  or  molecular 
I  jMiwer  is  4-i''>''i  *"'l 'l"**"  ""' vary  with  the  temperature  (pp. 4911-1). 

^.■  may  lie  heate<l  to  13(io  C.  (i4SO  F.)  or  even  131IO  f.  (2tioO  F.) 
mlliout  alteration,  but  at  17"0C.  (MSO  K.)  it  gives  olf  wati'r,  and  is  i-on- 
?*rteil  into  g  I  u  cosa  u ,  C,!!,/),,  which,  when  freed  from  caramel  (p.  (52ti) 
'  '     barioal,  and  from  glucose  l>y  fermentation,  forms  a  colorless 

sweet  to  the  taste,  and  having  somewhat  less  dextro-rota- 

'■    ■ ■-•■.      At  higher   temperatures  glucose  blackens   and 

-illon.     tflucose,  hoili^  for  some  time  with  ililutu 

■  It-ill,  is   converted   into   brown   sulwlances    callcl 

nid,  etc. — Ulroiiff  tHl/iliurir  iicitl  converts  it   at  orilinary  tcin- 

•  sulpho-saccharic  ocid,  C,Il„0,SO,,  which  forms   a  soluble 

and  /(wf  on'df  dissolve  slowly  in  aqueous  si>lutlon  of  glu<?ose, 
'     hoi  to  the  liquid,  comi>ounils  of  tlu-se  oxules  with  glu- 
I.     The  barium  compound  is  said  to  contain  C-'^llijOj), 
;.,     ,   ...     calcium   impound    (C,ll„0,),(tJaO),,2U,U  •,   lVv«  WviA. 
IcOBpound  (C,HuO,),(PbO),(OH),.     These  oompoiindlt  Me,  V\«rn6'»oT,xBTj 


ess 
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I  nnaUble,  Iwing  deuonipusisl  at   tlii*   heat  of  bniliii);  waler.     (ilnecM  alas 
Coiuli>ii«8  with  goiiiam  iJjoriJr,  foruiing  the  conipoonil  O'.H    I'l  i  \»<m^l. 

UluixMi',  Ih^IUmI  witli  a  cu/tric  mU  in  |ir«ii'iio*>  of  '.  -Wt* 

tho  cupric  oxide  to  cuprous  uxiilo :  hy  lliii)  uharat  iaumr 

guislixil  from  caue-HUgar. 

Wlii'ii  iiolnlioiui  of  ciiuo-sug&r  and  gluootu  bth  mixtd  with  two 
portions  of  solutiou  of  cupric  HulphiitL-,  aii't  CAii-  ruid 

.  o<»»  to  •vaoh,  dix-p-blu".'  liquids  .try  obuinfd,  w  i 
liiltit  dilfi-ri'nt  diaraclera  ;  th«  oue   ci'iitniriinc 
littlu  )ill>'.rfd  ;  u   suiall   cjuttulity  of  nil  |..Ma.      l.li 
liquid  long  retains  its  bliii'  lint  ;  witli  tln'  ^hn.—  ,  ■ 
tm  applicntion  of  heat  throws  down  a  (.x>piou/<  gnviiiith  ]•■ 
rnpidly  ulianges   to  scarlet,   and   eventually  to  dark-r>^l 
learinj;  n  nearly  uolorluss  solution.      If  only  small    ^ 
•re  avallahle,  a  mixture  of  cuprio  sulphiLte  and  tiiii 
excess  of  potash  has  l>een  addiMt,  mity  Ih-  used  with  :i 
tiou,  called /wr»j*5in-ni/irir  Uirlrutr,  is  (in  excellent  test 

two  varieties  of  sugar,  or  disuovuriug  an  admixture  i^.   ^ .,„ 

sugar. 

Uiuc-ose  mixed  in  dilato  snlulion  with  yru</ and  expoiicd  to  »  («■ 
tnri'  of  21'^2tP  C.  (ti9.t)0-7«i.tiO  F.)i  easily  undergut*  vinuoa  tetaaolatM  ' 
(p.  0i;3). 

2.    Lavulose,  C,U„0,.— Thta  lagar,  distingntshed  trom  doitn 
turuing  the  pl.-uie  of  j>olarii.ilion  to  the  left,  oeciir»,  t4igetlier  w!M 
in  honey,  in  uiiiny  fruits,  and  in  other  saccharine  suhstaiii-<ti.      I 
of  those  two  sugars  in  i>quivRlent   qunntitii'S  eouHlilutos  f  r  u  ,  >•• 
or  invert  sugar,  which  is  itself  levurointory ,  lM*vnu»o  the  MimnI 
tnry  power  of  levulose  is,  at  onlinary  t^'Uiperatures,  grcat4<r  tliui 
dextrose. 

(.'sne-Hugar  may  be  imvrrlvl,  that  is,  transformed  into  a  mixtitrf  of  •)■ 
parts  of  dextrose  and  levuluse,  hy  warming  with  dilute  aiida : 


+     H,0 


+  <.:.n„o,. 


The  same  change  is  brought  about  by  oontaut  with  yrast,  or  with 
the  peculiar  ferment  of  fruits  ;   It  likewlsu  takes  place  aluwly  wit«n  ai 
lion  of  cane-sugar  is  left  to  iLsolf. 

To  separate  the  luvulose,  the   invert  sugar  obtained  from  10  |;ruM  ( 
cane-sugar  is  mixeil  with  tt  grams  of  slaked  lime  and  KIU  granu  of  «4V>r, 
whereby  a  solid  calcium-comjiound  of  levulosii  Is  form.  .1    «1h;,     ip... 
of  the  clexlrose  remains  in  diduliou,  and    may  be  8e|. 
cipitate  by  pressure.     The   oalvium   suit  of  IcvuIob.  , 
and  dec^uiiwised   hy  carbon   dioxiilu,  yields  a  solution  ■ 
which  may  1k<  Ultored  and  coni^.-ntraled  hy  evaporation,     i 
at  once  obtained  in  the  pure  st.ite  by  the  action  of  rli! 
Levuloso  is   a   colorless    unrrystnllizahle  syrup,  :i- 
more  Noliitilw  in  alwhol  than  dextrose.     Its  rotatory  |...«.  , 
than   that  of  dextrose    at  ordinary   temperatures,  but  <l 
temp<-ralurii  rises.     Kor  the  transition  tint  hetween  ih.'  M. 
I«]=— lOiJO  at  U'J  r.  (57.20  K.)  ;   m^  —  VJ.'jO  „ 

1  —  .VP  at  'MVJ  f.  (1!M0  P.).     Now,  the   P'tntory  pow 

jcame  at  all  temperalun-s         ' 

[•ugar,  which  Is  —  'iliO  at  > 

jC^  C.  (Ii50  J'.),  UtcoUio   ooiinoi;    :ii   :hi-' i  ,  ij-.m'  1  .j^  ,hi,|  ,|| 

lahove  that  t>-mperature. 

L<<vuliiap  exhibits,  for  tti"  ?>•••■•    !■»••<    "■■>  •nuie  pliemtc*] 
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,  hnt  ii  more  easily  sltered  by  heat  or  by  acids,  and  on  the  oon- 
)  gTcsttrr  resistance  to  tin;  ailinn  (if  nlkalieB  or  of  fcrincntH. 
j»»ii,  <'«li|o"si  lli«  ox.vgi'n-ctln'r  or  aiilivilridc  of  Itvulose,  is 
tuKulbvr  witU  dextruac,  by  melting  cone-iiugar  fur  souiu  tiuiv  at 

(Saoo  F.)  : 

CuH„0„    =    C,H,„0,    +    C,H„0,. 

I  dextrose  mry  be  removed  from  llie  liquid  by  firmentation,  and  tlie 
s,  which  i»  unfermentnble,  may  be  ubtainL-d  by  craporatiou  as  an 
Jlixalilu  syrup.     By  boiling  with  water  or  dilute  aeids,  It  is  oon- 

,  into  a  fermentable  levorotatory  sugar,  jirubably  levulose. 

Mannitoae,  C,H,,0,. — This  is  the  sugar  produced,  together  with 
iiir  auiil,  li_v  the  oxidHtitiu  of  nianuitc  in  tontact  with  platinum  blaik. 
lite  KeparatiHl  by  saturatini;  the  liquid  with  lime,  precipitating  the 
^mannitate  with  alcohol,  evaporating  the  filtrate  to  a  syrup,  adding 
,  again  filtering,  and  evaporating  to  dryness, 

lfannitoa«  is  syrupy,  unerystallizable,  fermentable,  inactive  to  polarized 
'  X,  and  resembles  the  other  glucoses  in  its  chemical  reaction. 


O-alaotose,  C,H„0,,  is  produced  by  boiling  milk-j!ngar  with  dilute 
It  In  .-Mlublf  in  water,  sparingly  soliibl«  in  cold  alcohol,  crvBtal- 
liaes  more  readily  than  ordinary  gluiMwe  ;  has  a  dextro-rotatory  jiower  of 
C3.30 ;  and  is  very  easily  fermentable.     It  reacuiblea  dexlroNc  in  most  of 

(reactions,  bat  is  distinguished  from  all  the  four  glucoses  above  de- 
bed  by  yielding  mucic  instead  of  saccharic  acid,  when  oxidized  by 
ic  acid. 
.  Inoalte,  or  Phaseomannlte,  C,H„0„  is  a  variety  of  glnoose  ocour- 
C  in  the  uiuitcular  sulmtance  of  tlic  heart  and  other  organs  of  the  animal 
y ;  also  in  green  kidney  bt-ana,  the  unripe  fruit  of  Ifiatrolus  rnlgurit, 
in  many  other  plants.  It  forms  prismatic  crystals,  rciembllng  gyp- 
aom,  noluble  in  water,  but  insoluble  in  alcohol  and  ether.  It  may  lie 
Vailed  with  a  strong  .iqueous  pota.sh  or  baryta  without  alteration  or  color- 
attun.  If  this  sugar  be  evaporated  with  nitric  acid  nearly  to  dryness, 
the  raidue  inixeil  with  a  little  ammonia  and  calcium  chloride,  and  again 
•raporatMi,  a  beautiful  and  characteristic  rose  tint  is  produrml. 

loiKiite  does  not  ferment  with  yeast,  but  in  contact  with  dii-cse,  flesh,  or 
denying  membrane  and  chalk,  it  undergoes  laclous  fermentation,  pro- 
doang  lactic,  butyric,  and  corlxmic  acids. 

8.  Sorbin,  C,H„0,,  is  a  crystalliiable  sngar  existing  in  the  Jnioe  of 
tipe  iuoiu>tain-a«h  berries  {Surfiun  aiicuparia).  The  jnice  when  allowed  to 
■tand  for  some  time  in  open  vessels,  dejiosits  a  brown  crystalline  matter, 
»),->■  •■-■'  >- obtained  in  transparent  colorless  crystals  beton^ing  to  the 
tr  if'm.     This  substance  ii  almost  insoluble  in  uUuliol,  liut  nuiily 

mi\  .  Iter,  to  which  it  imparts  an  exo«'dingly  swe<'t  luslc.     A  solu- 

Una  of  sorbin,  mixed  with  ammonia  and  lead  acetate,  yields  a  white  floc- 
oolent  proiipitate,  containing  CijHuPbjOu.PUl,.  With  sorfiui/i  chloride  it 
iwm*  a  compound  which  crystallizes  in  cubes. 

Sorbin  is  converlwl  by  nitric  acid  into  tartaric,  raccmic,  and  aposorbic 
adds.  Il  iloes  not  ferment  with  yeast,  but  in  contact  with  cheese  and 
chalk,  at  4ilO  C.  (1040  p.),  it  undcrgCM'S  lactous  fi-rmcnintion,  yielding  a 
large  quantity  of  laeliu  acid,  together  with  alcohol  and  butyrio  aoid. 
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7.  Bnoalyn,  ('.il„0,,  is  an  vsfenBOiUktc  tagMt, 

lUCIlUtKIll  IPl     II  -I"    -■•    "■  •   -.  —         . 

mH|ui<iii.<i  of  til 
bitiatiuu  with  ' 


vw  of  Um  fiir>Wl5|i(M  or  TMMMta),  la 
a  r<!niMnuU«  kiad  «(  sugar,  •kich,  te 
iiit«s  BMlitum: 


M«UIOK. 


+     U,0     s     SCO,    + 


AJeoboL 


£."1 


.^. 


On  evaporating  the  liquid,  Uin  cu«at^n  raiiAiaa  m  an  aacrvsUllli 
s.vrup,  having  a  epwific  rulator/  {Hint-r  of  +  ItiSO  u^arlj.     ll  i«  IM  I 
durvd  li-rtuoiitiiblc  t>y  Ike  avtiuD  uf  iulpliuric  acid. 

8.  Dambose,  t',II,jO,,  obUiiu-d  by  hrnting  damlicioIiK  Willi  bjHi 
acid,  (:l/^l«lllZl•a  in  Bix-»ided  prisms,  D>rltin)i;  at  '1\'^  •      '411  <  '  v  < 

tMmboaile,  it*  luflb.vlio  ether,  t',H,j(CH,)^),,  w- 
of  caoutchouc  frnin  tlie  Uabunn  in  West  Alricit,  froin 

tractiil   by  ali»bol.     It  crystalliXKH  from  aleoliol  in  -  j  a» 

Hdlvio)  I'aslly  in  water,  uieltii  at  190°  C.  (3"4---  K.).  •i"'  li  ill- 

2100  0.  (3J»2Ci_JI0O  F.)  in  slender  shining  uee«lles. 

0 t.ncoginnii. — When   ordinary   glucrsB    is    li.-ii.-.i     •..  n 
(2ia-348'J  F.)  for  fifty  or  sixty  hours  witli  acetic,  bi 
and  odier  organic  ncids,  tlie  two  unite,  with  elruiinni  .    'ihI< 

pound  ethers  railed  ^liu'<»iile$  ari'  foruied,  aualoginiH  lo  tlu-  luanniLuli 
A  nuiiilx'r  of  these  artillcial  gliiiYK(id>-H  linve  iH'eii  prejuirri^l   'it  !l>-rlfi<-]j 
«:lio  regards  them  na  derivatives  of  tjlueoiuin,  C',lJ,,t»,,  1»wm. 
with  alkalies  they  yield  ghieosan,  n<il  glucose.     Tbui*,  11 
butyric  ether  to  wbidi  Berthelnl  aesignn  the  fnnniitn  '    " 
an  acetic  ether,  which  he  regards  as  hexacetn-glij. 

but  they  are  merely  oily  liquids,  which  are  very  ili;;.  

and  therefore  their  «n.tl.v»es  are  not  much  lo  be  ilcpfnded  ou. 

A  conalderable  number  of  bodii.'S  of   similar   constitution    nim% 
formed  in   |tl.'(ntj,  many  of  them  constituting  the  bitter  princi|ilii 
reget.ible  kingdom.    None  of  these  natural  gliieosidi-s  have  >hh-o  p 
artinelally,  but  tbey  are  all  resolvifd  by  Uiililig  with  dilute  ivcidf>  iDto| 
nwe  ami  •oute  other  mmpound.     The  moot  important  of  them  will  \m  1 
MTihnI  lu  a  fulurv  chapter. 


roi.ToLrcosic  au-qnoLC. 


,      '      '     '  '.rut   iHtwr 

'  "  romkia 

~-.  ■ .  t '• .  ■••-••     •■■ ~  iiomher  I 

^  hm*  Oia«  lli«  Ituniber  uf  glucvae  moleoal**  ^ 


mm    C„lt,^„,  Piglnroair  aleuhol. 


>*  tiawiiw,  to  tW  ajf  U  1 


CANE-eroAR.  Ci25 

<Tc«s,  in  the  root  of  the  beet  and  the  mallow,  and  in  several  other 

Uoct  sweet  frtilts  contain  cane-augar,  togetht'r  witli  invert  sugar 

.  tome,   as  walnuts,  liazel-nuts,  alraond.s,  rotfeft-lx-ana,   and  St. 

••ail   (the    frnil   of    Crratunia  tilii/ua),   contain   only   cane-sugar. 

iid  the    nectars  of  flowern  contain  cane-sugar  together  with  in- 

'  ■^■i.r  ;  the  sugar  in  the   nectary  of  cactuses  is  alu(K>t  wholly  oano- 

lu^r. 

9n;.'nr  is  extracted  most  easily  and  in  greatest  abundance  from  the  sugar- 

■  ■'•i-karum  njfieinarum),  cultivatwl  for  the  purpose  in  many  tropical 

The  caue*  are  cruali»l  between  rollers,  and  tlie  expre«se4l  juice 

■  •auiT»i  to  flow    into  a  large  vessel,  where   it  is  slowly  lii-uted   nearly  to 

^  boiling  point.     A  small   quantity  of  slaked  lime  mixed  with  water  is 

^-•>    flded,  which    occajiinn*    the   separation  of  u    coiiguluui    consisting 

I   rartliy  pbospliatcs,  waxy  uiatter,  a    peculiar   nlliiiuiiuous    priu- 

,,\  m>*chauical  iiu[iuritii«.     The  clear  liiju id  separatml  Iroin  tjie  c<>- 

Ifulum  is  rapidly  evaporatnl  in  opeu    puns,  heated   by  a  strung  lire  made 

•itb  the  crushed   canes  of  the  piec<Kling  year,  which   have  lieon  dried  in 

ic  i«uu,  and  preserved  for  the  pur(M)se.      When  sufficiently  (Mincenlrated, 

au  syrup  is  transferred  to  a  shallow  vi>ssel,  and  left  to  crystallize,  during 

'     ':    'iiiie  it  is  frequently  agitatiil    in   order  t4^>  hasten    the   change  and 

"•  formation  of  large  crystals.      It  is  lastly  drainitl  from  the  dark 

..  ...llijable   syrup,  or    molaxsin,  and   sent  into  itimnierce,   under   the 

knw  of  rau'  or  Muscoeado  sugar.  The  retining  of  this  crude  pnuluct  is 
fiettwl  by  redissolving  it  in  water,  adding  a  quantity  ol  albumin  in  tlie 
lape  of  serum  of  bluod  or  white  of  egg,  and  sometimes  a  little  lime-water, 
Id  huating  the  whole  to  the  boiling  |ioiul :  the  allmmiii  coagulates,  ami 
iniai  a  kind  of  network  of  fibres,  which  inclose  and  separate  from  the 
qaid  all  mechanically  suspended  impurities.  The  solution  is  decolorized 
J  Altratiou  through  animal  cbarcual,  eva[jorated  to  tlie  crystallizing 
oiut,  aitd  pat  into  conical  earthen  moulds,  where  it  solidities,  ufler  some 
m,-  li.  n  ooufusciUy  crystalline  mass,  which  is  draiuinl,  wash(^  with  a 
.11  syrup,  and  dried  in  a  stove  :  the  pnxluct  is  ordinary  ltMf-tu<jiir. 
:ie  crystallization  is  allowed  to  take  place  quietly  and  slowly,  m^ar 
•H^y  roialtii,  the  crystals  under  these  lirrum-lances  acquiring  large 
nionwi  and  regular  form.  The  evaporation  <if  tliu  deculurizud  syrup  is 
i noted  in  strong  dose  twilera  exhausted  of  air  :  the  boiling  )>oinl 
rup  is  retluced  in  consequence  Irom  1  HI  '  (.'.  {t'.\»-'  K.)  to  (>5.50  C. 
ij.--  t.),  or  l)elow,  and  the  injurious  action  of  the  lieiit  upon  the  sugar 
I  ia  great  measure  prevente<l.  IndiHtd,  the  production  of  molusses  in  the 
■da  ootooial  manufacture  is  vhietly  the  result  of  the  high  niid  long-eon- 
iuu«d  heat  applinl  to  the  oane-juin>,  and  might  ho  ahmist  entirely  pre- 
«Bt«d  by  the  use  of  vacuum-pans,  the  product  of  sugar  l»-ing  tliereby 
hliy  inoreasc<l  in  quantity,  and  so  far  improved  in  quality  as  to  become 
^Mt  equal  to  the  refined  article. 

Sb  attoy  parts  of  the  continent  of  Europe,  sugar  is  manufactured  on  a 
Vgt  aoale  from  btwt-root,  which  contains  about  8  per  cent,  of  that  sub- 
tanee.  The  proci-ss  is  far  more  complicated  and  trouhh-sonie  than  that 
utt  described,  and  the  raw  product  niu.h  inferior.  When  relined,  how- 
fer,  it  is  scarcely  to  l>e  distiiiguishiHl  from  the  prece<ling.  In  the  Western 
tat«s  of  America,  sugar  is  prepare<l  in  considerable  quantity  from  the 
tp  of  the  sugar  maple  {Acrruiccliiiriiiiim),  which  is  coMiinon  in  those  |>arts. 
lis  tree  is  tappivl  in  the  spring  hy  Lioriiig  a  hole  a  little  way  into  the 
ond,  and  insertmg  a  small  »|K>ut  to  ixiuvey  the  liquid  into  a  vessel  placed 
(•n.  This  is  Imiled  down  in  an  iron  [wit,  ami  furnislu-s  .i 
\hich  is  almost  wholly  employe*!  for  domestic  piir[Kises,  bui 
ui.'iio^  lis  way  into  commerce. 

bi 
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Pare  angar  slowljr  separatoii  from  a  strong  solution  in  large,  truup 
colorless  crystals,  haviiig  the  figure  of  a  uiudified  uionucUnic  |iriKm. 
crystals   have  a  specitic  gravity  of  1.6,  ami   are    uucliaugeaMi-  in  ttu  i 
Sugar  has  a  puri-  swin't  tJiste,  in  very  soluble  iu  water,  requiring  lor 
tion  nuly  oiiu-tlurtl  of  its  weight  in  tliu  eold,  anil  is  also  ilisBulvuJ  l>v  alo 
but  loss  easily.     WliuD  luiHlerately  healed  it  melts,  and  goliiliJIes  ou  i 
ing  to  a  glassy  aniurphous  mass,  familiar  as  Ixirlrv-tyyar. 

Cane-sugar,  heated  a  little  above  ItiUO  C.  (32ti^  V.),  ii  converted,  wjj 
out  loss  of  weight,  into  a  uiixture  of  dextrose  and  luvolusan  (p.  02^). 

C„H«0„     =    C,H„0,    -f     C,!l„Oj. 

At  a  higher  temperature,  water  is  given  off,  the  dextrose  being  proba) 
converted  into  glucosun  (p.  ti2'.i):  afterwards,  at  aliout  21UO  C.  ('iiU'^  V^ 
more  water  goes  otf,  and  a  brown  substance  called    caramel 
consisting  of  a  mixture  of  several   coiujiuunds,  all   formed   trom  sugar 
elimiuatiou   of  water.     At    a   still    higher   temperature,  an    inf 
gaseous  mixture  is  given  off,  consisting  of  earb<>n   monoxide,  ntarih- 
and  carbou  dioxide  ;  a  distillate  is  obtained,  consisting  of  brown  oils, 
acid,  aeetone,  and    aldehyde;    and  a  considerable   quantity   of   ch) 
remains  behiud.     The  bruwu  oils  contain  a  small  quantity  of  furfurol 
and  a  bitter  substance  called   assamar. 

By  prolonged  boiling  with  x-urrr,  cane-sugar  is  eonvertixl  into  invei 
sugar.  This  transformation  is  accelerated  by  the  preseiu*  of  aciils. 
apparently  also  of  certain  salts.  Itiflcj-ent  acids  act  with  various  degi 
of  rapidity — mineral  more  quickly  than  organic  aciils,  sulphuric  aciil 
quickly  of  all.  By  priilongi<d  twiling  even  with  very  dilute  acids,  sagirj 
deiximposed,  yielding  a  nurob<>r  of  brown  amorphous  products  called  u  I  mil 
u  liu  io  a  old,*  etc.;  if  the  air  has  access  to  the  liquid,  formic  acid  is  likei 
produced.     C'ouceutrated  hydrochloric  acid  decomposes  sugar  very  quiofcl 

strung  sulphuric  acid  decomjHWes  dry  sugar  when  healed,  and  a 
ceutraletl  solution,  even  at  ordinary  temperatures,  with  copious  evolul 
of  sulphurous  oxide,  and  formation  of  a  large  quantity  of  bl.'«ck  carboi 
ceous  matter.     By  this  reaction  coue-sugar  may  lie  distinguished 
glucose. 

Cane-sugar  is  very  easily  oxidized.  It  redncM  silver  and  mereoiy  Mil 
when  heated  with  them,  and  precipitates  gold  from  the  chloride.  Fl 
unpric  hydrate  is  but  slowly  reduced  by  it,  even  at  the  boiling  heat; 
presence  of  alkali,  however,  a  blue  solution  is  formed,  and  on  iKiiling 
liquid,  cuprous  oxide  is  slowly  prt<cipitated  (p.  622),  Cano-sugar  taket 
fire  when  triturated  with  8  parts  of  lead  dioxide,  and  forms  with  poiu- 
slum  chlorate  a  mixture  which  detonates  on  percussion,  and  bums  TiviiUy 
when  a  ilrop  of  oil  of  vitriol  is  let  fall  upjii  it.  Distilled  with  a  mixturt 
of  sulphuric  acid  and  manganese  dioxiile,  it  yields  formic  acid.  Uoitwl 
with  (lilulu  nitric  acid,  it  yields  saccharic  and  oxalic  acids.  1  part  snpir 
mixed  with  3  parts  nitric  acid,  of  specific  gravity  1.25  to  1.30,  and  ho*m 
to  50'^  C.  (1*2-0  j.'.j^  is  wholly  converted  into  saccharic  acid: 

Ci,H„0„    -f    0,    =     2C,H„0.    -\-    H,0. 

•  T'ndpr  the  numos  utmin  and  ulmic  arid  have  bw»D  confouodrd  n  ntjmSeraf 
brown  or  binck    uncrystittllEahle   BUbHtftnci'ii   produced  by  Itio  Aclkui  of  powrrful 
cbomlcr\l  fif^rutfi    upon  »ii);nr,  lleniu,  etc.,  or  gcnornt<Hi  by  the  pulrrf-'''M  »  .i^>«c 
of  vt^irctftMe  ttbr*».    i'ommon  ^nnlon  mould,  for  cxumple,  trr%ted  wr  ; 
liifC  )**^Iullon  of  cnimtie   ]Hiti«>)h,  yields   m  derp-brown   ftolution,  froi' 

^^ri•clpll«l(•  A  flui-cult'iit,  Lruwu  HubHtnurt!,  lifivliiR  but  i  sliRttt  J.  ^i,.  v.  .-- 
tlllty  In  Wfitfr.  TIiIn  ta  frf*nf*rnllr  rillrd  u/mir  nr  humie  ficiil,  nrid  itn  nriril 
Nsoribrd  to  the  rt^trtlnn  of  the  Mknll  oa  tUc  uimin  or  kumu*  o(  ihnsoil.  Thi 
bodies  differ  exceedingly  In  compoiltlon,  and  Arc  too  Indeflnltc  to  Admit  o(  rei 
JBVC4tlg«lloa. 
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fAt   t)ie  Iwiling  heat,  tiie  prodact  consists  cliietly  of  oxalic  seid.     Vi<rjr 
I  lie  «fid,  or  a  mixtiiro  of  i)tniii)(  iiitrio  nnd  sulphuric  acids,  con- 
-  it  iiilii   nllrovaiM'liarostf,    iirohalily  C,jH,.(NOj),0„.     Sugar 
kuKi-w  lap  wxiiUxwl  br  oliluridv  of  liiui;,  l)Ut  the  prwluvts  have  not  lnvn 
^■ln«l. 

i'.i....,,i,-:.>  .l,,e«  not  luru  tirimii  wht-n  triturated  witli  alkalies,  a  cha- 
li   it  iK  dii>tiii^in»lii'>l  from  gluooKi- :  it  combinva  witli  thi-in, 
hi;  c<niii)jounils  cnlli-d  a  iterates.     Hy  lioiliiig  with  potayU- 
kii  t*  licuuiupoHiMl,  l>ut  luucli  more  slowly  than  thu  gluooes. 

iMiuiN-aud  i*>'»/ium-co«i/io«H(//iof  i-^ne-»iigar,C|,H„KO|,andC|5lI,|NaO|,, 
re  formed,  ai  gelaiinuus  |irei!i|iitaic!>,  uu  mixing  au  alcoholic  solution  of 
Hif-sugar  with  poUuli-  or  boUa-lye. 

A  Barium-riiiuiioHiul,  C„ll.joHaO,,.H,0,  or  C„U,30,,.BaO,  in  ohlainwl,  as  a 
rf .-Mi/iihti,.  prwipitnte,  on  adding  hydrittn  or  sulphide  of  liarium  to  an 
•luliou  of  sugar.     It  may  b*  orystallix«d  from  hoiling  water,  but 
I  'it  in  alcoliol. 

Calfiutu-nimiiuiiniU. —  Limo  dissolviw  in  supar-water  ranch  more  rapidly 
,1.11  in  1,111-,.  ii.ii,.r.     Thu  solution   lias  a.  hitter  ta^te,  and   is  compli'trly 
i  1  ud  by  carbonic  acid.     There  are  three  or  four  i>f  tln-se 

may  ba  appruximatoly  reprcseuted   by  the  following 


1.  C„\l,p,,.C.ti(i. 

2.  ac^ufl^Ou.SCaO  (7) 


3.  r„H,„0„.2Ca0.2n,0. 

4.  (.•,  • 


I  /wirf  otiilt  arc  also  dissolved  by  sugar-water.     A  crystalline 
.  (°,.ll,„l'li,()„,  is  ]iruci]>itated  on  mixing  sugar-water  with 
und  ammonia. 

lystalliiie  com^Kiunda  with  ox/iuin  chloride. 
..  -t   directly  fermentalde,   but  when   its  dilute   aqueous 
.'h1  with  yeast,  iind  ex)x)sivl  to  a  warm  atmotiphere,  it  is  tlrst 
I  mixture  of  dextrose  an<t   lerulose,  which  then  enter  into 
tatiun,  yielding  alcohol  and  carbon  dioxide. 

Paraaaeoharose,  C|,H„0,,. — ^This  is  an  isomeride  of  cane-sugar,  pro- 
Ion.™!,  .ii-.-iiriliiig  to  JfKlin.*   by  sjKintaiieous   fi-rmentation.     An  anueons 
liivf  ammonium  phosphate,  left  1"  itself  for 
.  li,  under  eireumstances  not  further  sjieci- 
-  ,..i .  i:- ■.,,.  lie  with  saccharose,  together  with  an  amor- 
•   the  c<inji«i9itinn  of  a  glucose,  Iwlh  dextro-rotatory. 
ly  soluble  in  water,  nearly  insoluble  in  alcohol  of  UO 
10  rotatory  jjowcr  at   li>3  C.  (50°  K.)  = -f  ItiS^,  ap- 
I  little  with  rise  of  temperature.     It  does  not  melt  at 
iie.s  colored,  and  apiM-an   to  decomi>oae.     It  rwlnces  an  ttl- 
.liition,  lull  oiilv  half  as  strongly  as  dextro-glncose.      It  is 
■     red  by  dilute  sniphiirie  acid,  even   at   UKlO  ;    hydro- 
>  its  rotatory  power,  turns  the  solution   brown,  and 
I.     M     ,.-  11-  ,..;.,.  iiig  |>ower  for  cuprio  oxide. 

UAlitoBR,  r.t!  .0„._A  kind  of  sugar  obtained  from  the  manna  which 
I-    IVoiu  furious  spi-cies  of  Enmlijpiiis  growing  in  Tas- 
■.■d  by  w:»ter,  and  crystallinca  in  extremely  thin  inlcr- 
-  lightly  sawharine  taste. 

"arehydrated,  iimtaiuing  C„H„n„.3H,0.    They 

«  Oomptek  nenilu*,  Uli.  'Itl;  tltr.  TW. 
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pivH  off  2  molecules  of  water  at  100°  C,  mnd  beoome  anhydronn  *t  130O( 
(2(iOO  F.)-  They  dissolvu  in  9  parts  of  oold  water,  very  easily  in  Imilin 
water,  and  dissolvia  aUo  iu  ^lOilill(;  ali'uliol  more  freely  thau  miiiiuu 
Tlie  alcoholic  solution  yields  amall  but  wi-ll-develup«l  cryslaU.  " 
aqncous  solntion  turu8  the  plane  of  polarization  to  the  right:  br  I 
transition  tint  [«]  =  +  102O. 

Melituse,  healed  with  dilute  sulphnric  acid,  ia  resolved  into  a  fern 
bio  Hugar   (probably  dextrose),   and  non-fenuenlablu  eucalyn  (p. 
Melituse  ferments  in  contact  with  yeast,  but  in  resolved,  in  the  firrt  I 
slanee,  into  glucose  and  eucalyn.     It  does  not  reduce  aii  alkaline  cup 
solution,  and  is  not  altere<i  by  boiling  with  dilute  alkalies  or  with  kar^ 
water.     It  is  oxidized  by  nitric  acid,  yielding  a  certain  quantity  of  am 
acid,  together  with  a  large  quantity  of  oxalic  acid. 

Melesltoaa,  C„H^O„.— Thia  variety  of  SDf;ar  Ja  foood  in  the  sn- 
manna  of  Brinnqon,  which'  exudes  frou  the  young  ^ihootit  of  the 
(Ltirir  rumfHta).  The  lunnua  is  exhausted  with  alcohol,  which, 
evai)"rtttiHl,  yields  melezitose  in  very  small,  hard,  shining,  elflurrt 
crystals,  which  give  olf  4  per  cent,  of  water  when  heate<l,  and  niflt  Iwl 
14UO  L'.  (2slJ  V.)  without  further  alteration,  forming  u  liquid  which  soli 
flus  1^1  n  glass  on  oooling.  Melezitoso  is  dextro-rotutory  ;  [«]  =  -(-  S4.1J 
It  dissolves  easily  iu  water,  is  nearly  insoluble  in  ouhl,  sLighlly  sulubltf 
boiling  alcohol. 

Melezitose  decomposes  at  about  200O  C.  (39y>  F.).  It  is  carbonized  \ 
oold  strong  sulphuric  acid,  quickly  turns  brown  with  boiling  hyilrocUoi 
acid,  and  forms  oxalic  acid  with  nitric  acid.  By  an  Lours  boiling  vi^ 
dilute  sulphuric  acid,  it  is  converted  into  glucose.  In  oontaot  with  rn 
it  pa.sses  slowly,  or  sometimes  not  at  all,  into  vinous  fermcntntion.  Ill 
not  aUeru<l  at  IW^  C.  by  aqueous  alkalies,  and  scarcely  by  pulassio-cup 
tartrate. 

Trehalose,  C,jH„0|,.2H.jO,  is  obtained  from  Trthala  manna,  theprwli 
of  a  s|iecieH  of  Ki.liino|)s  growing  in  the  Kast,  by  extra<!ti(in  with  boili 
alcohol.  It  lorius  shining  rhombic  crystals,  ermtaining  C,,U2,U,,.2n| 
which  melt  when  quickly  heato<l  to  U'tlK)  C.  (iJ8.2^  F.)  ;  but  if  »li 
heated  give  olf  their  water  even  below  1(K>-'.  It  has  a  strongly  saeobi 
tastu,  dissolves  easily  in  water  and  in  Ixiiliiig  alwhol,  but  ia  iuMlul 
iu  ether.     The  aqueous  solution  is  dextro-rolatory  ;   [«]==+  19'.*°. 

Uy  several  hours'  boiling  with  dilute  sulphuric  acid,  it  is  converlwi  into 
dextnwe.  With  strong  uitrio  auiil  it  forms  a  detonating  nitro-corii|«iuui1: 
heattxl  with  dilule  nitric  acid  it  yioliU  oxalic  acid.  In  wmtacl  with  y<»»»l 
it  posses  slowly  and  iiiijierfectly  into  aluoholic  fermentation.  It  i»  not 
altered  by  lx>iliug  with  alkalies,  and  does  not  reduce  cuproiu  oxide  froiB 
alkaline  ciipric  solulidiis.  Heated  with  acetic  or  butyric  uvUl.  it  yM'^ 
compounds  not  distinguishable  from  those  which  are  formed  iu  like  nutUKT 
from  dextrose  (p.  I!:il). 

Mycose,  C|,H„0„.2n,0,  is  a  kind  of  sugar,  very  much  like  trehaloMi 
oblanieJ  Iroin  ergot  of  rye  by  precipitating  the  aqueous  extract  of  Ui« 
fungus  with  b.isio  lead  acetate,  removing  the  leail  from  the  flitrate  hy  *ul- 
phydric  acid,  evaporating  to  a  syrup,  and  leaving  the  liquid  to  cry»t»lli«<- 
It  differs  from  trehalnae  only  in  |iossessiug  a  somewhat  feebler  n>t»l">ry 
power ;   [«]=-}-  l;i2.r>'^,  and  in  not  being  completely  dehydrate<l  at  UHP. 

Bynantbrose,  <'i..Il,/'iii  oi:cur9  in  the  tubi>rs  of  DiMia  mriaUilu,  of  the 
Jerusalem  urliuhoke  {UetututAiu  lubenmu),  and  other  plants  of  the  comjw- 
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lor  fTiiaiithMc<>0O8  order.     It  is  a  liglit  unorplious  powder,  very  deli- 
rnt,  nol  «wwM,  and  witlioul  action  on  polariiiMi  light.     It  is  ri«olved 
rdilutt!  aoi(l5  or  by  yeast  into  dextroBu  and  levuluse,  and  yields  aacchario 
Md  by  oxidation. 

Mllk-angar,  Laotln,  or  Lao  tote,  C„H„0„.H,O.— This  kind 

l>f  augar  1.1  uM  uii{Hirtiiiit  >;iiu:<titut-nt  of  niilk  :   it  is  obtained  in  large  quan- 

)Ug»  by  evajn'i ■     '    /  to  a  syrupy  slate,  and   purifving   the   lactose, 

^■li  slowly  ~   out,   with   animal   charc4>ul.      It   foruu)  white, 

JPllluonut,  fiMi  .     imetriv  prisms,  of  great  haritness.     It  is  slow  and 

|n*«ll  vf  sululiun  in  LH>ld  waU>r,  rei]uiring  for  that  purfKise  tive  or  six  times 
llireight.  Itsapecific  rotatory  power  in  aqueous  solution  is  [■]  =  -}-  •'>ti.30. 
^t  luta  a  faint,  sweet  taste,  and  in  the  solid  state  feels  gritty  l>i-twei>n  tho 
«vtli.  When  hent«d,  it  losi-s  water,  and  at  a  high  temjHTUturc  t>laekons 
■^  decTnniMMes.  Milk-sugar  combini;s  with  bases,  fonniiig  coingHiunds 
^■ib  have  an  alkalinu  reaction,  and  are  easily  decomposed.  Dilute  acids 
IKcrt  it  into  galactose  (p.  tjl3;. 

Milk-sugar,  when  distilled  with  oxidizing  mixtures,  such  as  nnlphurio 
eid  uid  manganese  dioxide,  yields  formic  acid.  With  nitric  acid,  it  forms 
SOCIO,  savcbarlc,  tartaric,  and  a  small  quantity  of  racemic  ncid,  and  tinally 
>xalir  u>.'id.  Very  strong  nitrio  acid,  or  a  mixture  of  nitric  and  sulphiirio 
M;ida,  uouverts  milk-sugar  into  a  crystalline  substitution-product  called 
lit  rolactin . 

"  '■;  -  not  brought  immediately  by  yeast  into  the  state  of  alcoholic 

Iriit  when  it  is  left  for  some  time  in  contact  with  ye.nst,  fer- 

__. , ^luully  Sets  in.     When  cheese  or  gluten  is  iisi-it  as  the  ferment, 

bo  milk-sugar  is  converted  into  lactic  acid.  .Alcohol  is,  however,  always 
bnoad  at  the  same  time,  especially  if  uo  chalk  is  added  to  neutralize  the 
Irid  aa  it  forms :  the  quantity  of  alcohol  formed  ig  greater  also  ta  the 
iolulion  IB  more  dUut«.. 

Maltose. — ^ThU  is  a  sagar  isomeric  with  lactose,  produced  by  tho 
Miim  of  malt-extract  on  starch.  It  is  less  sidnblo  in  alcohol  than  dex- 
jKjk  I'as  a  reducing  power  at>out  twivthirds  as  great  as  that  of  dextrose, 
m  a  specific  rotatory  power  of  4-  ^^-  ^y  tl>e  prolonged  action  of  acids 
It  is  ooDTerted  into  dextrose. 


aXTOBa-rrnEBS  OB  AXaTDKIDES  op  TBB  POLT-aLPCOSIC  A.Lconoui — 
Aiin/>SBH, 

Titai*  oompoands,  which  are  important  oonBtitiients  of  the  vegetable 
Wplrinir  ntay  be  derivi^l  from  glucose  and  the  poly-gluousic  alcohols  by 
>\ptrairtt""  of  a  molecule  of  water  : 


Qlucusc. 

- 

H.0 

= 

f.n,A. 

C..II„0 

Dlclucunio 

aieohul. 

— 

H,0 

= 

C,.n^G,„  or  2C,H„0„ 

TrtKluroNic 
alcohol. 

~^ 

H,0 

= 

C„n„0„,  or  3C,H„0.. 

C^B^+fi>.+> 

— 

11,0 

= 

CtoHi^O^,  OT  nC^H^^Ov 
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FATTY  OROUF:  ALGOaOLS  AKt>  KTIIEKB. 


All  thrae  lin<lic>g  are  tlK'ri'foro  JHonixria  iir  p<ilymi*nv  un«  willi  lh«  ( 
Their  «)iii|H)iiiii|«  with  iiu'liillio  nxi'lM,  I'tc,  liiivr  iio'   i     ■■    ---."      -/.Ij  i 
vesti|;nti-il  Ui  lix  tlii'ir  exact  moleriilnr  <v<ri;:li(,  or  U>  ' 

tliH  vrtltiti  (if  n;   bill    I'roiii    tlu*  uknJi.*  iif  i-itiivi^rHittn  <>i         ..     ..     :.,.    _l'iaii 
am)  tlio  ixiDHtitutionnr  ivrtain  sijlintitutii>n-|in«iiictHiilititii)<-<|  bytlia  vta 
^tif  uitric  aciii  on  coUuluse,  it  aiipuors   miut  pruUnUo  tltAt  iu  UkMo  I 

=  3. 


i»  T«s«taU 
'••tn»: 


Fig.  174. 


Starch,  nC.HioO,,  probably  C,,HjoO,i.  »!-■      "    ' 
—This  IB  ou<!  of  Iliu  IU031  iiiijMirtiiiit  iiini  wiii' 
proxiuiali'  ))riiU'i|ilt'8,  Ix'iiij:  foiiml  lo  u  >;r. ■-!'■■•  • 
It  iK  most  nliuiiilaiit  iu  cvrljiin  rwits  nml 
ofti-n  wnitajii  it  in  Inrgo  quantity.     From 
obtained    by  rasping  or  griiuling   tliu   vv^uliililu   atriiclures 
wiisbing  tbe  moss   u [ion  a  sieve,  by  wliivli    llio   torn  evil n I nr  tix 
tniiieil,  while   the  starch   paKHua  through  with  tlii-  litjiiiil 
HettK-!iciown  from  the  Litter,  n.s  n  tiiift.  white,  insoluble  p< 
Ih<  w.islml  with   colit  water,  and  dried  at  a    very  gentle    iioiii. 
treated    in  this   m.-inner  yield  a  Inrge   proportion  of  »tarcli. 
grain   may  bo   prepared   in  the   sauio  manner,  by  mixing    the 
water  to  a  past<*,  an<l  washing  the  (uosb  u|K)n  a  nieve  ;  a  nrarl/  vhiif  » 
soluble  substance  called  glalen  ih  then    left,  containing  a  I;ir,r.'  i.t<ii-»i-i«  j 
of  nitivgen.     The  gluten  of  wheat  llour  in  i-xlreniely  t-n.i 
The  value  of  meal  as  an  articloof  food  greatly  depi'ndo  np. 
Starch  from  grain  is  commonly  manutiieture<l  on  the  Inrg'- 
the  material  in  water  for  a  consiilerablu  time,  when  the  I. 
developed  under  such   circuniHlanceii  from  the  sugar  of  ! 
grates,  ami  in  part  dissolves  theaitotiio'd  maiter,  lln'reliy  ^M 
lUu  mechanical  stparation  uf  that  which  remainx.     A  Mr. 
Buccesdftil   prooifiA  ban   lately 
in  whieh  a  very  dilate  Boliiiion 
containing  alNiut  'il>0  grainnof  alkali  tni 
of    licjuiil,  is  employed   with    tin 
ExiM'lient   starch    is    thus  pr>  i 
tjLareh   in  insoluble  in  cold  w:i> 
miKir  of  preparation   (.nlTi.  ■ 
equally  inHoluble  in  alci'i 
which  dn  not  elfect    its  ii> 
naked  eye  it  plesents  the  xp|M 
while,  and  often  glistening  |>" 
miero<ienp«  it  is  seen  to  be  alt" 
of  orystallinH  structure,  but  i< 
coutrnry,  a  kind   "\ 
up  of  multitudes  nf 
boilieji,     uiMin    each   "i 
pri'.^sed    prir.illel    rings,    - 
SjKit  or  lilhiui,  may  nlten  i 
pranuleB  from  different   plants  vary  both  in  magnilndo    ■ 
from  the  Cttntm  tmfriiti^ii,  ur  /eu«  Um  mom,  and  |>otato  being  ^' 
thoHe  fn.)iu  wli(>at,  and  tho  iiTcalii  in  gen)<rnl,  very  uiiicli  Mit^Utii. 
174  repregcntit  granule*  of  |Hilalo-slurch,  highly  uia'..'nill<Ml. 
When  a  ml\' 
,  of  the  latter,  i 
lion  of  starch  - 
li-Kci'Ut,  from    I 
granule.     By  i 
iuuch,  or  amiil  lu  jum  u>  graiti  i 


OLYCOOEN. 


II  Sb  Txry  doubtrul,  however,  bow  far  the  substance  itself 

'ilr   in  wat4*r,  nt  li*uitl  whuii    oold;    it    in    luorn  likely  to    In) 

.IimI  in  the  liijuid  in  tlii<  loriu  of  a  swollvn,  Iritnitpiiri'nt,  nnd 

guM--  j'-iir,  of  ustrruio  tonuity.     (it-latiuuuii  stitrcli,  i'X|Mn<i-il  in  a  tliiu 

f  li>  X  dry  atimi»»pU«'rts  l»ec<iiu*-»  convertwl  into  a  ycilott  imIi,  hurny  bub- 

in,  which,  wlit.<n  put  into  walur,  again  bultcuij  and  Hwellb. 

"Tl  !Mias   starih  i»  i>rii^iliilated  by  many  of  tlu>  motallio  oxidoa, 

ut,  and    lead   oxide;    aUo    by  a   largo    addition  of  alcoliol, 

t/iiJIn   ihrowd  down  a  oopiuu^  yullowitiU   prucipilate  uoutaining 

I'l,  which   re-digAolv<i«  whou    tho  bolutiou  is  hcatod.     liy  far  thu 

iu>L  chArnoteristic  rt'action,  however,  is  that  with  free  iudine,  which  fonna 

Ith  march  A  deep   iudigo-blue  compound,  which  appears  to  dixnolvu  in 

:    r,  although    it    is   insuilublu  in  solutiima  containing  free  acid  or 

Mer.     The   wilor  of  the  blue  liquiil  ia  destniyed  by  heat,  tcnipo- 

......  ..    the   heat  U?  i|nickly  withdrawn,  and   p<^rni»nenlly  If  the  boiling 

•  Ulnf;  •uiitinuud,  in  which  ca»e  the  coiu[>ound  in  decoiupoiie<l,  aiul  tlia 
^iw  volatiliii.xl.  Dry  Hl&rch,  put  into  iodiue-walur,  acquires  a  purplish- 
hk  color. 

jK*  unalterud  and  the  gulatiiioas  starch,  when  dry,  have  tho  samo  era- 
Mas)  formula,  C,ll„Oj.  A  nini|)ound  of  starch  and  lead  oxide  was  found 
ODtitain.  when  dried  at  lOtiC",  C,H,(,lJj.Pb<i,  or  C„H^O,5.31'b<3. 
■•'"  ■  1^  an  important  article  of  IikkI,  espei-ially  when  Hii>ociated,  as  in 
aixal,  with  albuminous  siibitlances.  Arrow-root,  and  the  fecnia 
-j./i/i  enccinra,  are  very  pure  varieticH,  employed  a«  articles  of  diet ; 
rowroot  is  obtained  fpjra  the  Mantnlu  urumlinuna,  cultivatwl  in  the  West 
ittia  ;  it  is  with  difficulty  di8tinguishe<l  from  [Hitalo-starch. —  /ayuVica  is 
H^imI  from  the  root  of  the  Jutroji/ia  ilnnihol,  lieing  thoroughly  purified 
B  its  pijisonous  juice. — Caumvn  is  the  same  sulwtance  niodilied  while 
iBt  by  boat. — .Sij<;o  i*  made  from  the  soft  central  portion  of  the  stem  of 
palm  ;  aod  tialtp  from  the  Ueiihy  root  of  the  Ch-cJiit  luatcuia. 

dTAacii  FUOM  IcBL\so  Moss Thi)  lichen  called  Crlraria  Islamiica,  puri- 

d  by  a  little  oold  solution  of  ]Kitash  from  a  bitter  principle,  yielils,  whea 
ilwl  iu  water,  a  slimy  and  nearly  coUirhws  liquid,  which  gelatinizes  on 
uling,  and  dries  up  to  a  yellowish  amorphous  mass,  which  diK'S  not  dis- 
lv«  in  add  water,  but  merely  softens  and  swells.  A  solutiim  of  this  suli- 
UMXf  ia  warm  water  is  not  affected  by  iodine,  altlioiigh  the  jelly  is  turned 
oe.  It  is  precipitated  by  alcohol,  lea<l  acetate,  and  infusion  of  galls,  and 
nonvertixl  into  glucose  by  boiling  with  dilute  sulphuric  acid.  Acwird- 
'  I  Mulder,  it  contains  (.'.IlijO,.  The  jelly  from  certain  olt/ir,  n»  that  of 
1,  and  the  so-callod  Varrayketn  most,  closely  reseuiblus  ttiu  above, 

■"• — This  snbstaaco  which  differs  from  common  etan-li  in  some  im- 
Bt  particulars,  is  founil  in  the  root  of  /milu  llrUmum,  Urlianlhtu  luhe- 
.iMJdUi,  and  several  other  plants  :  it  may  lie  easily  obtained  by  wash- 
ke  r»i<pe<l  root  on  a  sieve,  and  allowing  the  inulin'to  settle  down  from 
■juid;  or  by  cutting  the  root  into  thin  slices,  iKiiling  these  in  water, 
Itering  while  hot ;  tho  innlin  separates  at  the  solution  cools.  It  is  a 
I,  amorphous,  tasteh-ss  snl»t.ance,  nearlv  insoluble  in  cold  water,  hut 
«|^r  dissolvi-d  by  the  aid  of  heat;  the  soluticm  is  pri'cipitated  by  alco- 
il,  but  not  by  Acetate  of  leaii  or  infusion  of  galls.  Iodine  colors  it  brown. 
ns  ha*  the  same  jwrccntngo  composition  as  conuimn  starch.  Bv  boil- 
Blth  dilute  aciils,  it  la  completely  converted  into  levulose  (p.  ti'ii). 

^nyoogen,  "C,n,„Oj,  wai  obtained  by  Bi'rnard  from  the  liver  of 
M»l  animals  (calf  or  pip)  by  exhaustion  with  water  and  preci[iitaling 
■  loiling  ainoliol.     The  precipitate  is  purifiol  by  Uiilinv;  with  dilute 
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ftwh  and  glnoMe.  Dextrin  itself  has  exactly  tlie  Bsrae  composition  as 
bti  original  atarcli. 
It  was  formcrl.v  aapposed  that,  in  the  action  of  acids  [or  of  diastase] 
•tarvh,  Uie  gtarv^li  is  first  (x>iiverte<l  into  dextrin  l>y  a  mere  ull<<rntiou 
Tfitijraical  utructure,  and  tliat  the  dextrin  then  tiil«-a  up  tlie  elenii'nla  of 
r,  and  is  oonverted  into  glucose,  tliis  scoomi  staiji!  of  the  i>rf>oeS8  o<'cu- 
a  much  longer  time  than  tlie  Orst  ;  liut  fmiu  tlie  expurinicnl8  of 
■las*  it  appears  that  when  the  converBJon  is  effected  l>y  a  dilute  acid, 
I  dextrin  and  gluoose  are  produced  at  the  very  commencement  of  the 
Motion,  and  always  in  the  proportion  of  1  molecule  of  glucose  to  2  niole- 
(nl«a  of  dextrin:  whence  it  may  be  inferred  that  the  moleiuie  of  starch 
patains  Ci,}I„<)u,  and  that  it  in  resolved  into  glucose  and  dextrin  by  taking 
^Hjnulecule  of  water : 

^Bbat 

^■b  m 


alarch. 


H,0 


C.H„0.     +     2C.n,A 
Glucose.  I>cxtrio. 


Iiat  the  dextrin,  after  several  hours'  Ixiiling,  is  completely  converted 
|iuuu«u,  wliich  is  therefore  tlie  sole  ultimate  prodnol  of  tlin  reartinn. 
malt  extract  is  used  as  the  converting  a^^ent  the  starch  is  first  re- 
ntred  into  dextrin  and  maltose  (p.  629),  in  various  jirojwrtions  acoonling 
» ttix  t<-ui|M-rature  and  other  ixmditioiis  of  the  reaction  ;  and  the  dextrin 
rrwarits  very  gradually  converted  into  maltose. f 

Itrin  is  li»e<l  in   the  arts  as  a  snlwtitute   for  gum  ;    it  is  sometimes 

I  in  the  manner  alwve  described,  but  more  friK|Uently  by  healing  dry 

■tartdi  to  4IHIO  c.  (762°  F.)i  by  which  it  ai<iuires  a  yellowiMli  tint 

DUie«  soluble  in  cold  water.     It  is  sold  in  this  state  under  Ike  uauo 

(tUM. 

Csllnloae,  nf',n|„Oj,  probably  C|,n.jO,j  ;  also  railed /-i(/«(«. — This 
itance  cotiKtituiw  the  fuiulaiiiental  mattrial  of  the  slriiitiire  of  plaut.H  : 
ployi^l  in  the  organization  of  cells  and  vi-ssels  of  all  kinils,  and 
a  large  pro|K>rtion  of  the  solid  parts  of  every  vegetable.  It  must 
confouudeil  with  lignt-Dun  or  wtHufi/  tissue^  which  is  in  reality  eellulosu 
other  substances  superadiled,  encrusting  the  walls  of  the  origiual 
iraueous  cells,  and  conferring  stilTness  and  intlexibility.  I'ure  eellu- 
on  the  other  hand,  has  the  same  {K'rceutage  (.imposition  as  starch  ; 
otvly  tissue,  even  when  frei^  as  much  as  jiossible  from  coloring  mailer 
Old  resin  by  reiH-attnl  lioiling  with  water  and  alcohol,  yields,  on  analysis, 
i  rroult  indicating  an  excess  of  hydrogen  above  that  required  to  form  water 
kith  the  oxygen,  besides  traces  of  nitrogen. 
Thr  propi-rtii*  of  ottlluloBe  may  bo  conveniently  studied  in  line  linen 
"  Ottton.  which  are  almost  entirely  composwi  of  it,  the  associated  vege- 
prit>iipli-!t  having  been  r»move<i  or  destroyeil  liy  the  variety  of  trcat- 
it  ...  ..  1.:.  )i  the  fibre  has  Ixn-n  subjected.  I'ure  cellulose  is  tasteless,  in- 
)  r  ami  alcohol,  and  al>s'>lutely  innutritions  :  it  is  not  sensibly 

;ling  water,  unless  it  happens  to  have  lH>en  derived  from  a 

tvft  or  im|»-rf<<ctly  develnp.-d  portion  of  the  plant,  in  which  ejise  it  is  dis- 
•i».-jrnt.-<l  anil  rendered  pulpy.  Dilute  acids  and  alknlii-s  exert  but  little 
the  cellulose,  even  at  a  lioiling  temiH-rature  ;  strong  oil  of  vitriol 
.!,  in  the  cold,  into  a  nearly  colorless,  adhexive  sulwtanee,  which 
.»i»v"v.-i  in   water,  and   presents  the  characters  of  dextrin.     This  tians- 

tion  may    Ix'   conveniently   ellected   by   Very    slowly  adding   i-oncen- 

Int4>d  sulphuric  acid  to  half  its   weight  of  lint,  or  linen  cut  into  small 
ahreda,  taking  earn  to  avoid  any  rise  of  temperature,  which   would   be 

•  r'nmptet  KrDilu*.  I.  7M ;  \iv.  1»l ;  Ann.  Ch.  Phyi.  (3J,  Ix  308  |  [4],  V  ITT. 
1  l>Sulilriin,  (.'beiu.  Sue.  J.  197u,  it.  (U. 
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atUsnded  with  oharriiig  or  blackening.     The  mixing  is  ooniplettd  b;  uitv_ 
ralUin  in  a.  mortar,  and  tlie  whole  left  to  stand  a  fi'w  hoars ;  \IXrt  '    "' 
it  i»  riiliKi'd    U|>  with    wiiti-r,  wnrnnsl,  and  filtered   frem  a  littlt-  inii 
matti-r.     Tlu<  !«iluti(iii  may  tlii-u    bo  ncutralizi-d  witli  clialk,  ami  i 
tured.     The  Kuiiiniy  liquid  retainx  limt- ,  jiurtly  in   Iht'  state  of  siilji 
and  ]>artl,v  in  combiiintion  with  sulpholi^'nic  avid,  an  avid  c<>m|io«uil  I 
elcnivntii  "f  xiilphurio  acid  in  union  with  thuHv  of  oelluloM.     If  the  lu 
prr<vinui  tn  th«  neutralization,  ha  builud  during  three  or  four  himn, 
till!  waller  replacwi  as  it  eva|Kirates,  the  dextrin   becomes  entirely  rliuiiti 
into  glut^ose.     hinen  raga  mar,  by  these  means,  be  made  lu  (uriujdj  mt>»| 
than  their  own  weight  of  that  substance. 

If  a  piece  of  un»i»e<l  paper  he  dip|ieil  for  a  few  seconds  into  a  mizttN 
of  2  volumeji  of  oonoentrated  sulphuric  acid  and    1  volume   of  water,! 
then  thoroughly  washed  with  water  and  dilute  ammonia,  a  aulKtannil 
oblaiued  which  resembles    parchment,  and  has  the  same  oomposiUuai 
oellulose  ;    it  occurs    in    commerce   under  the  name  of  parchnii-ut 
(pnpyrin).     An  excellent  application  of  this  sulMtauce  in  dilfusiout 
menls  is  mentione<l  on  p.  144. 

Cellulose  dissolves  in  aji  ammoniacal  solution  of  cnprio  oxide  (pre|t 
by  dissolving  basic  cupric  I'ArlKUiale  in  strong  auuuouia),  from  wl 
precipitated  l>y  acids  in  colorless  flakes. 

Cellulose  is  not  colored  by  iodine. 

XtloIdim  and  Ptroxymx. — When  the  starch  Is  niixtHl  with  nitrio  »dj| 
of  8p<-ciflc  gravity  l..*!,  it  is  eonvertwl,  without  disengagement  c 
a  transparent,  colorb-ss  jelly,  which,  wln-n  put  into  water,  yii  1 
curdy,  insoluble  Bulislauw  :    this  \b  xylcfilin.     When  dry,  it   i> 
tasteless,  insoluble   even  in   boiling  water,  but   freely  dissolveil   by  dilatt 
nitric  ai;id,  and  the  s<ilution  yields  oxalic  acid  when  lioiled.     Other  sub. 
stances  belonging  to  the  same  class  also  yield  xyloidin  ;  paper  dipped  inta 
the  strongest  nitric  acid,  quickly  plunged  into  water,  and  afterwai.lsdri«l, 
becomes   in  great   part  so  changeii  :  it  assumes  the  appearance  ol  parch- 
ment,  and  becomes  highly  coiubustible. 

If  pure  linely  divided  celluU«e,  such  as  cotton-wool,  besteepetl  for  I  fr* 
minutes  into  a  mixture  of  nitric  acid  of  sp.  gr.  l.,")  and  conceulraled  iul- 
phuri"  acid,  then  squeezed,  thorfiughly  washed,  and  dried  by  very  geflllr 
heal,  it  will  bo  found  to  have  increased  in  weight  about  70  jmt  cvM.,  »•! 
to  have  bisynne  highly  explosive,  taking  fire  at  a  temperature  nut  mnrll, 
al>ovu  14!io  ('.  (itUiP  K.),  ami  burning  without  smoke  or  residne.  Tliii  i> 
j>t/rtirylin,  the  tjun-mtton  of  Sclionlh'in. 

Xyloidin  and  pyroxylin  are  substitntion-prodnrts  consisting  of  sUnt 
and  cellulose  in  which  the  hydrogen  is  more  or  less  replaoe<l  by  niirrl, 
NO,.  XyloMin  consists  of  C,H,(.\Oj)0,,,  or  (■„H„(N(),),«),s.  Ofpyroxylli 
several  varieties  are  known,  distinguished  by  their  different  degteM  "f 
stability  qnd  solubility  in  :ilcohol,  elher,  and  other  liquids.  AcconhnjM 
Ilaihiw,*  the  three  principal   v.irietii«  are: — 

«.— <'„»,i('*<\)«"i5.  "f  <'»n7fNf>.)A.  insolnWe  in  a  mixfnre  of  ftb«f 
and  alcohol,  but  soluble  in  elhylio  acetate.  It  is  produce.!  by  re|»>«t«i 
immersion  of  eotton-wonl  in  o  mixture  of  2  molecules  of  nitric  acid,  IIN<V 
2  niob'uules  of  oil  of  vitriol,  H.SO,,  and  3  molecules  of  water. 

B. — ^<'„ll5,(N0,),0,j,  Bolulde  in  ether-alcohol,  insoluble  in  glacial  ***'• 
acid.  I'rodui'wl  when  the  acid  mixture  oontains  half  a  molecule  W"" 
water  than  in  <. 

y.— *,,U„(XOj),0^  (Gladstone's  cottan-xyloXdin),  soluble  In  ether  and '» 

•  Ohem.  Soe  .Tourn«I,  vll.  201.  — A  aeries  of  eluhornt*  htti  T<iluii)ile  rrtr^n*''* 
on  iriin  rottnn  h^«  hi<en  publUheU  by  Abel  (Proceed.  Royal  Sjc.)  xv.  ISt;  I'liru* 
Soe.  Joura,  (3],  xv..>lti. 
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tie  ftoid.  Prodaoed  when  Uie  acid  mixture  oonUina  one  molecule 
f  tlian  in  ■. 

of  th>^<>,  which  ooniist  of  tritiilroerllHlotr.,  is  the  most  explogiva 

<  least  Liable  to  spoutaneuua  ilecum)>Oiiitiuii.     It  is  Llie 

r    a»e  as  an  explosive  agent,  ami  ia  efijiecially  dixlia- 

^uii-mUon."     From  the  cx|>eriin>'ntii  of  OeiuTiil  von  Leiik,of 

111  nerviee,  it  »pp<'ar>  that,  to  insure  the  uniform  prtKluetinu  of 

lilsr  compound,  the  fnUowiUj;  preeautiuim  are  ueoessary : — 

Iconaing  and  perfiK't  Jesiccalion  of  the  cotton  previounly  to  its 

in  the  mixed  acids.     2.  The  employment  of  the  strongint  aciilg 

in  commerce.     3.  The  sleeping  of  the  cotton  in  a  fregli  strong 

acids  after  the  first  immer><ion  and  partial  conversion  int/i  guii- 

Tho  coQtinuancc  of  the  Bti-eping  for  forty  .eight  hours.     5.  The 

lUriGcation  of  the  gun-ootton  thuti  produciMl  from  eviiry  trace  of 

(jr  wsiihiug  the  product  in  a  stream  of  water  for  several  weeks ; 

ly  a  weak   solution  of  potash  may  bo  usud,  but  this  is  not 

lion  of  the  leas  highly  nitrated  comixiunds  in  nlenhol  anil  ether 
ollodiou.  This  solution,  when  left  to  evaporate,  dries  up 
a  thin,  transparent,  adhesive  membrane:  it  is  employed  with 
ttAge  in  surgery  as  an  air-tight  covering  for  wounds  and  burns. 
irgely  used  in  photography  (p.  ItO). 

,  C,H,jOj,  is  a  substance  closely  resembling  vegetable  cellulose, 
ps  iileiitieal  therewith,  occurring  in  the  mantle  of  Asuidiaos 
Ulliuin,  etc.),  from  which  it  may  he  separiile<l  by  U>iling  the 
•t  with  hydrochloric  and  then  with  strong  |>olash-Holutiun,  and 
Itit  water.  When  treated  with  strong  sulphuric  acid,  it  deli- 
s  colorless  liqiiid,^iucb,  aftor  boiling  with  water,  is  found  t« 
tucose. 


-(lum-arnliic,  which  is  the  pro<luce  of  several  species  of  acacia 
Kgypt  and  Arabia,  may  be  taken  as  the  ty|ie  of  this  class  of 
lien  pure,  it  forms  white  or  slightly  yellowish  irregular  masses, 
destitute  of  crystalline  structure,  and  break  with  a  smooth  ixm- 
rture.  It  is  soluble  in  cidd  water,  I'orniing  a  viscid,  adhesive, 
lution.  It  consists  of  the  potassiinu  ami  calcium  salts  of  ara- 
abic  acid,  which  may 'i«  preuipitatwl  from  the  aqueous  sola..  J 
dition  of  hydroclihiric  iieid  and  alcohol,  as  a  white  amorphous  I 
ibin,  when  drii-d  at  llMO  C,  has  the  composition  tjlIioOj  +  ill,0, 
|-J-  iifi,  and  is  therefore  isomeric  with  cane-sugar;  at  ISO*!  C. 
It  gives  off  all  its  water,  leaving  a  residue  having  the  oompo- 

A- 

liic  onntalns  70.4  per  cent,  arnbin  and  17.G  water,  the  remaining 
,  consisting  of  metallic  salts,  silica,  iron  oxide,  etc.  Its  aqneoua 
rns  the  plane  of  jmlariiation  to  the  left,  and  gives  precipitatea 

lead  acetate,  copper  salts,  etc.     Arabin  is  oxidized  by  nitrio 
ric  and  saccharic  acids.     Heated  with  ililute  sulphuric  acid,  it 
d   into  a  non-fennentable  glncose   called  arabinose,  which 
I  in  rhombic  needle,  and  exbibits  strong  dextro-rotation. 
tfftil,  ohtaincfl  from  a  species  of  acacia  growing  in  Senegal,  is  very 

gnni-arahic,  but  usually  <H:curs  In  larger  luni|>s.  It  contaiua 
ent,  arabin,  1.6  water,  ami  2  or  3  per  cent,  of  saline  matters. 
Kimi-whal  stronger  mucilage  than  gum-arabic,  and  la  much  used 
'iuting  for  thickening  colors  and  uiordants. 

,  abundant  in  linsee<l,  in  the  roots  of  the  mallow,  in  talrp,  the 
of  Orrhif  iiuitcula,  and  in  other  plants,  diirera  \n  ttomu  lea^^ccMk 
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from  gnm-arabic,  Altliough  it  agrec«  in  the  propcirty  of  dissolriui;  in  i 
water.     The  solution  is  less  transparent  than  that  of  gnui,  aiuJ  ii  pr<«i]il 
tatod  by  neutral  laad  acetate.     Gum-tragacanth,  from  Ailnii/ttluj  rma,  a  i 
growing  in  Armenia  and  the  north  of  t'ersia,  is  chiellr  «iiii|>osiyl  of  a  kil 
mucilage  called  iHissorin;  it  does  not  dissolve  in  water,  but  niertly  ioflrl 
and  assumes  a  gelatinous  aspect.     It  is  dissolved  by  caustic  alkali.    Ci 
is  the  insoluble  portion  of  the  gum  of  the  cherry  tree  ;  it  n-seniUes  I 
rin.     Tlie  oum|Kisition  of  those  variou.<<  substances  agrees  clueely  with  I 
of  starch.     Mucilage  treated  with  acids  yields  deztroe«. 


▲MINES. 


These  are  compounds  which  may  be  derived  from  hydrocarbons  by  nil 
atitution  of  the  univalent  radicle  aiuidogen,  Nil,,  for  an  •Hjuivaleut  <jual 
tity  of  hydrogen,  or  from  the  alcohols  by  similar  substitution  of  NH,  f 
Uli  :  they  are  called  monamines,  diamines,  t riaminet ,  pU.,  I 
cording  to  the  nnml)(>r  of  aniidogen  groups  thus  introiluc«"<l ;  tliti*  fn 
ethane  and  the  corresponding  alcohols  arc  derived  the  following  moo 
aiid  diamine : 


7- 

ni, 

Elbuie. 
CH, 

k 

Ethane. 


CH, 

I 

(.■ii,,(Nn,) 

AmliU'tliAtie  or 
£l>i)  Inmliie. 

CHj.NH, 


CH, 


,.Nn, 

DWmiUefhAnp  or 
£tbaue^Umine. 


r 

cn.(ori) 

Ethyl  uleohoi. 

ce,.OH 

CH^OH 
Ethroe-iilcobol. 


Th«  aminos  are  basic  compounds,  capable  of  uniting  with  acii 
forming  salts  which  bear  a  close  resemblance  to  the  salts  of  anMumii*.  ' 
amines  themselves  in  the  free  stat<»  are  also  very  much  like  aminoiii*,  I 
ing  volatile  bodies  hiiving  a  more  or  lt»s9  nmmoniaenl  odor  nnil  nlk«Iii« 
reaction.    They  may,  in  fact,  be  regarded  as  derivatives  of  ananoiiia,  for 
by  sutkititution  of  alcohol  radicles,  univalent  or  multivalent,  for  an  equin 
lent  quantity  of  hydrogen,  in  a  single,  double,  or  triple  moleculs  o(l 
mouia,  NU„  N,il,,  N,U,,  etc.,  e.  ij.: 

CH, 


£thylamine, 


Bthene-diamine, 


Die  thane- tri  amine, 


n7h 


CHj.NH, 
CH,.Nn, 

(■H,.NH, 
C,H.(NH,), 

C,H..NH, 


■.-"s 


N,^II, 


N. 


(f.H.)" 


MONAMINKS, 


These  basoa  are  derired  from  a  single  molecnle  of  ammonia,  NH,.   S* 
this  molecule  mny  give  up  one,  two,  or  all  three  of  its  hydrogen-atoiu  i< 
exchange  for  imivalenl  aloo\iiol-ta4lcle8, — methyl  and  ita  bomologout,  W 


AMINES.  ti37 

At,-  ptuditcing  primary,  Becondsry,  &nd  tertiary  amines. 
B|  C  difuoui  three  such  ■loobol-nuliclvs,  the  atninea  furiued  hy  sub' 
ag  tlivtu  fur  liydrogen  in  auuuonia  will  be  represcntud  by  the  guue- 


Primary. 


nJb 

Secoudkry. 


;|i 


'b 

Tertrnry. 


ae<ODdary  and  tertiary  amines  the  aloohol-radiclcs  denoted  by  A, 
By  l>e  either  the  same  or  dtHereut ;  for  example : 

S»conrt«ry.  Tertiary. 

fair 
ru. 

I" 

ipthyl- 
•Ine- 


ii-H,  (III,  (ClI,  (ClI,, 

^VA  Ni<",  ^Wh  N^(\,ll, 

(h  ^'l^,  VA  V\»„ 


McIIitI- 
cthyUmloe. 


TriniPlbyt 
amine, 


Dlaitliiyf- 
ethylnmiue. 


Mcthvl-ctliyl- 
itylQulutf, 


!i:iUi4  nf  these  amines  are  analo(;nu8  in  eompn.bilinn  to  the  aminoninm- 
ke  the  latter,  may  be  regarded  either  tui  eouiiiounds  of  amrao- 
>  s  with  acids,  or  of  anirooiiiiini-UKili'eiileH  Willi  halogen  elements 
liiil  railioica  analogous  thereto  (see  p.  48(1)  ;  lliua  : 

-\-     nCl    ^  NH^.t'l,  Ammonium  chloride. 

_  !i)   +     HCl    =  NH,(C,Hj).Cl,        Ethylamuionium  chloride. 
UBtn*. 

,U»),   -I-     HCl    K  NH,(C,Hi),.Cl,      Diethylammonium  chloride. 
ilUBlite 

li)t      4-     ^^^     =  NH(C,Hj)j.Cl,        Triethylanimoulum  chloride. 
/■•■Uiie. 

Hj,    +  H^O,  =  [NB(C,lIj),],SO«,  TriethyUmmoninm  sulphate. 
"oe. 

I  aalta  when  heated  with  potash,  gire  off  the  amine,  just  as  am- 
its  give  olf  ammonia. 

tiary  amines  i-an  uuile  with  the  chloriiles,  etc.,  of  aU-oUol-rudicles 
ne  manner  aK  with  aiidH  :  thus  trietliylnniiiie,  N(('jllj)„  unites 
ly  with  ethyl  iixlide.  t'.llil,  forminj;  a  conifKiund  which  may  be  ri-- 
i  cither  as  trirthiilamiHii  elkiixluir,  N(r,Il3)j.t',HJ,  or  as  trtrrl'hjilammo- 
"  'iilr,  N(C,H;,),1.  Now  this  icKllile,  when  heated  with  pntash,  dws 
ntr  nmmiinia  or  a  volatile  ammonia-ba.se  ;  but  when  hentni  with 
Kidc  and  wntor,  it  is  eoiiverted,  by  exolianpe  of  iodine  for  hydroxyl, 
"  ron^lv  Alkaline  bftMe,  irnlbKl  IHrfthi/tatujmntitim  fii/flrnritfr,  which  may 
Dwl  in  the  solid  stale,  and  exhibits  reactions  oloKely  analogous  to 
of  the  Oxed  caustic  alkalies.  Its  formation  is  represented  by  the 
km  * 

NCt-'jHi).!    +    AgOH     =    Agl    -f     N(r,n4),(0Il). 

',  this  bn.«c  can  exchange  its  hydroxyl  for  chlorine,  bromine,  and 
id  radicles,  just  like  |Hitnsh  or  so<la,  forming  solid  cryslnllizablu 
jl»  Ibe  iinlide  atKive  mentioned.  These  (^mipoumls,  containing  four 
ruts  cif  aleidiol-rudicte,  are,  in  fact,  analogous  in  every  ri«pwt  to 
Bra-salts,  excepting  that  the  corresponding  hydroxides  are  capable 
Ing  in  the  solid  stale,  whereas  ammonium  hydroxide,  NH,(tm), 
^p,  aa  sikiii  as  foriiii-<t,  into  ammimia  and  water.  The  radicles 
I,,  etc.,  oorrettpuuding  with  ammonium,  are  not  known  in  the  free 
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The  tnonaminos  oont&ining  more  than  one  carbon-atom  are  tnawptibl* 
of  ijiomtrio  motlificatioiis  siaiilar  to  tlioee  of  t)ie  alcohols,  and  drpfodia; 
on  tliK  number  of  alcohol-radicles  in  the  molecule :  thus  rthTUmint, 
CH,(l"H,Hj),  ia  isomcrio  with  dimcthylawine,  NH(C'H,), ;  prop/b 
Nll,(C',li,),  is  isomeric  with  methyl-«thylaminp,  NH(CHj)(C.B" ' 
with  trimctli.vlamiiic,  N(C'H,)„  etc.  etc.,  the  number  of  possible 
tions  of  course  inoreajiiug  with  the  comjilexitjr  of  the  molecules, 
orer,  a  mimamine,  either  primary,  secondary,  or  t«rtiarr,  ma.v  admit  i 
m'Hlillcstion  in  the  alcuhol-radiclo  itself;  thus  the  primary  mon 
NU,(C,U,),  may  exhibit  the  two  following  modilloations  : — 


^CH,CH,CH.  IC] 

Proiiylamine.  laupro 


CH{CH,), 


laupropylamlDe. 

Gaural  Modes  of  Formation, — 1.  By  beating  the  iodides  or  hromideta 
the  aloohol-ra<licles  to  IIKP  in  sealed  tiibe.s  with  alcolioliv  aiumunia.  " 
hydrogen  of  the  niiuuonin  is  then  replaced  by  the  alc<diol-ra4jicle,  fonnll 
a  mixture  of  priiimry,  secondary,  and  tertiary  amiues,  which  uuitevll 
the  halogen-acid,  produced  at  the  same  time,  to  form  amuionium 
thus : — 


Nil,        +         r,!II 

Ethyl  io<Uile. 

KII,        +       2C-,UjI 


Nll/r,!!,).!!! 

EthylnminoDium 

loUitlr. 

NlUCjUs),.!!! 
DlethylfliniDo'nluia 
lodlJr. 

KH,      -f     3c,nj      =      N(r,n,),.ni 

TrletliylikniinODlum 
iodiae. 


+ 


m 


+      2111 


From  the  mixtnre  oT  ammonium  salts  thus  obtained,  the  three  aminO 
being  volatile,  uiay  be  at  once  separated  by  distillation  with  aqueoiu  | 
ash  or  soda  : — 


NH,(C,H,).HI  -I-  KOIl 
NOCCjEJ,.!!!  -f  KOII 
>'(C,Hj),.HI       +     KOn 


=   Ki   -I-    n,o   -f    Nii.tr.Hj) 

Elhylainior. 
=     KI     -»-     H,0     4-      NIKiyi,), 
tllrthylamliia 

=    KI   4-    Ji,"   +     NC^n,), 

Trlelhylninine. 


while  the  fetrethytammnnium  iodide  remains  nnsltered,  bnt  may  h>< 
verte<l   into  the  (■orri-spfinding  hydroxide,  N(C,H,),UU,  by  the  action 
moist  silver  oxide  in  the  nuinncr  already  explained. 

The  primary,  secondary,  and  tertiary  amines  rannot  be  separated 
fractional  distillation,  but  their  separntiun  may  bi-  effected  by  the  folldW- 
ing  process,  devised  by  Dr.  Hnfmnnn.  The  mixture  is  treated  with  <tt- 
ethylic  oxalate  (oxalic  ether),  whereby  the  primary  amine  is  eonvert'd 
into  dietbyloxnmide  (see  Amiues),  which  is  easily  miluble  in  water,  •hil' 
the  diethylamine  is  converted  into  the  ethylic  ether  of  diethyloxsniiii 
acid,  which  ia  insolnble  in  water,  and  the  triethylamine  remaiiu  bb- 
altered  : — 


2Nn(r,n,) 

EthyUmlncs. 


+    CA.("r,n,), 

DIetbyllcoxitlate. 


NH(r,H,),    -♦-     C,0,(OC,H,),      = 
UletliyUmlDe. 


rO,(NH.C,H,), 
DiethyloKKtntue. 

ElhylleiliPihyl- 
oxamnte. 


-f      2P,H,0H 
AlcokoL 
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the  prodact  of  this  reliction,  the  unaltt^red  t  r  i  c  t  h  y  I  - 
Ifnp  paues  over.  From  the  re*iiJii<>,  water  vxtract»  the  dicthvlox- 
kie,  wliiuU  u  rt^uh'ed  by  boiling  with  jiotash  into  oxalic  acid  and 
1  a  III  i  n  «  : — 

[  C,0,(NU.C,U,),    +    2K0B     =    C.O.K,    +     2NU,(C,H.), 

>  dietbyloxamic  ether,  which  is  not  dissolved  by  the  wat«r,  yields, 
UlatioD  with  potash,  diethylamine  : — 

'•<OcJ^'^'  +   '^^^  =  ^A^  +   C,H,(OH)   +   NH(C,HJ,  . 

primary  amines  may  also  be  obtained  by  the  fnllnwiiip  processes  : — 
y  the  action  of  nasoeut  liydrogeii  on  the  uitro)>nrufliiis  : — 

ri!,.NO,    +    311,    =    2U/)    +    cn,.Nii, 

I  NItromclhiioe.  AmlilnuK-llinne, 

or  MottiylNnilnc. 

f  the  action  of  nascent  hydrogen  on  the  nitrils  (azoparaffins,  p. 

Hex      4-      2u,      =      cn,.Nn, 

Formonllrll.  MelliylamlBr. 

:  CHj.CN      4-        2U,        =        C1I,.CH,.NU, 

AeetoBitrll.  ElhyUinine. 

Jr  diatilling  an  isooyanic  or  isooyannric  ether  with  potasli-tye  :— 


(X):=N— CH,    + 
letbyl  tioejranste. 


2K0U     =    CO,K, 


+     H>N-CK5 
Methylitmlne. 


)  reaction,  whiuh  is  exactly  analogons  to  the  fortnatiun  of  ammonia 
I  cranio  a<!id,  (CO  ^NH  +  2KOH  =  CO,K,  +  NH,),  is  that  by  which 
{Mimary  amines  were  flrst  obtained  by  Wurtz. 

Bine*  aro  bIho  proilaoed  by  special  reaotiuiiii,  as  by  the  decomposition 
oca  complex  uitrogen-cvmpuunds  and  of  amido-acids. 

nprrtia  and  Iteaettnnt. — The  amines,  an  already  oliserved,  bear  a  strong 
nliianoe  to  ammonia.  The  lower  memU'rii  of  the  group  are  giisi-s, 
jr  soluble  in  water,  and  having  a  strong  ouimoiiiacal  odor;  they  are 
Dguished  from  ammonia  by  their  ready  combustibility.  The  higher 
be«  art-  liquids,  more  or  less  oily.  Amines  expel  ammonia  from  its 
whon  beat<-<t  with  them,  and  in  like  manner  the  inonnniiiieN  are  re- 
sd  by  the  diamines,  and  these  by  the  triamines  :  beiice  it  mi(;bt  Vie 
Ted  that  the  basic  power  of  an  amine  increases  with  tlie  iiiiiiibur  of 
)ol-rai1icles  which  it  contains;  but  in  this,  as  in  many  siiiiilitr  cases, 
ixpaUinn  of  one  liase  or  acid  by  another  is  a  question  of  relative  vola- 
r  U  well  aa  of  slreiigth  of  roiiibinntion. 

nine*  fonn  double  sails  with  /iliiliuic  rJJoride,  auric  chloriile,  and  other 
Jlio  haloid  salU,  exactly  similar  to  those  uf  ainmonin,  t.  g. : 

'laininunium  Anrochloride         .         .         .     NII,(r,!lj)ri.AuClj 
icuelhyUiiiiuonium  I'latiiiochloride  .         .     2N(l',H.,),l'l.l>tCl,. 

ley  can  also  rsplaoo  ammonia  in  the  alums,  ami  in  the  salt.-i  of  platin- 
Maium,  rupramrooninm,  etc.     Examples  of  such  c«m|Kjunds  arc: 
rteBmoniumalum        ....     (SO.),Al(NH,.C,H,)+ 12H.O 

u-  .  .  .       .,    J  p,/NH,(r,ni)n 

DMthyiammoniain  chloride  .        .        •     "'\jjn'((' H 'iCV 
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Pl»toaodlelhjrldiaramaniam  chloride  .        .     P'^\n'"\H'(t' H  lO 

Primary  amines  treated  with  mlrtxa  add  (or  tht?ir  haloTd  aalti 
potaaiilum  nitrit«)  are  ixjuverled  int«>  the  corresponding  alcohol*  ,  lUt 

C.Hj.NU,    +     NO.H     =    N,    +     U,0    ->-     C,H,.OU 

Tliis  reaction — anHlonous  to  the  resolution  of  ammonium  nitrite  I 
aminonin  and  water  (NU,  +  NO.H  =  N,  +  211,0;— ^flords,  as  alrwidy 
served  (p.  fi7y),  the  means  of  piissiug  from  one  alcohol  of  a  series  lo 
next  hiyhosl:  thus  methyl  alcohol  yields  methyl  cyanide  or  formonij 
C,UjN  ;  this  may  lx<  c^mverU'd  by  uascvut  hydrogen  into  ethylaul 
C,11,N  :  and  this  base,  as  above,  into  ethyl  alcohol. 

Jiecoudary  amines  are  ooiiverted  by  nitrous  acid  into  nitroso-oompoW 


fNO 


Niiroftu- 
dimeiliyliticioe. 


NH(CH,),    +     NO.OII    =     11,0     + 

rp  OlmethyUinlna. 

and  tertiary  amines  are  but  slightly  attacked  by  nitrous  acid. 


METIIVL    IIASES. 


Methylamine    or    Amidome thane,    cnjN  =  n,C— Nl 

N  \  .,?,   .      This  base  may  be  formed  by  either  of  the  general 

atxive  given,  alno  by  the  dewiunKwition  of  certain  natural  alkalnlib 
morphine,  uarcotine,  and  Ibeiiie;  but  it  is  best  preparwl  by  lieatinp 
thyl  is'icyanate  with  pnlasli  in  a  retort  attached  to  a  rec<'iver  cooled  1 
freeiing  mixture.  Tlie  distillate,  which  is  nn  aqueous  solution  of  meti 
amine,  is  8alurfite<l  witli  hydrochloric  acid,  and  evaporatinl  to  dryil 
whereby  a  crystalline  resldne  is  obtained  consisting  of  raethylammonl 
cbloride;  and  this  when  distilliil  with  dry  lime  yields  methylamine  in. 
form  of  a  gas,  which  must  be  c<illeclrtl  over  mercury. 

Methylamine  is  a  colorless  gas,  having  an  ammoniaoal  and  slightly  tj 
odor,   a  speciflc  gravity  of  1.08,  and   condensing   to  a  liquid  at — \f^, 
(0.4O  F.).     It  is  the  most  snlnble  of  nil  gases,  one  volume  of  water  at] 
<".  (r)3.()tJ  p.)  absorbing  1040  volumes  of  the  gas  :  it  is  likewise  very  re«^ 
absorbed  by  cliarc<ial.     It  is  distinguished  from  ammonia  by  its  odor,  " 
by  the  facility  with  which  it  bums.     In  its  deportment  with   acids 
other  sulistunces,  however,  it  bears  the  closest  resemblance  to  atiimi 
Its  aqueous  solution  also  possMses  all  the  propcrti<«s  of  aqueous  awoii 
excepting  that  it  rtfK-s  not  ilissolve  the  oxides  of  nickel,  cobalt,  or  oadnii 
Joiliiit  added  to  the  nquiviuB  solution,  throws  down  a  dark-red  preclpl 
of  di-iodomethylaiitine,  while  methylammonium  iodide  remains  in  solaf 

aCCHj.NII,)     +     21,    =    Cllj.NI,    4-     2(CH,.N11,.UI). 

Bromine  acts  in  a  similar  manner.    The  gaa  passed  over  heated  pol 
is  resolved  into  cyanogen  anil  hydrogen  : 

Cn,.NU,    4-    K    =    CNK    +     5U. 

The  salts  of  methylamine  are  easily  soluhle  in  water.     The  l_^ 
ClljN.IK.'l,  crystallizes  in  large  deliquesciml  laminte,  which  ro«lt 
C,  and  distil  without  deoomposition.-    With  platinum  chloride 


J 

loltH 
e  itf6i| 
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lUlline  preoipiUte  of  the  platinoeUoridf,  2(CIIjN.nCl).Pta„  and 
cliloriiln  Uu-  double  salt,  CHjN.HC'l.Aiil'l,,  which  L-ry9taJli£«<s 
Methylaiuiiiti    also  fnrina    platinuiu-basi'a    uiialogouii    t<>    tho 
>-platiuuni  cuuipoumb  (p.  44-). 

tbylamine,  C,H,N  ^  NH(CIIj).j,  iaomcric  with  ftliylamiiii>,  U 
'  healing  aiutouuia  willi  luutliyl  i<>di(li*,  iukI  iie{>urate<l  fruiii  siitiul- 
formod  lufllivlauiiue  ami  Iriitieth.vlaiiiiii"  by  un-aiis  of  uxulio 
(>38).     It  U  a  ga-s  wliioli  iliswolres  eiu>i)y  in  untcr,  and  L-undiMisiia 

lid  below  -J-  8°  C.  (40.4^  K.).  Its  plutiuochlurido  urysUillizes  iu 
Jlta. 

Bthylamlne,  CjH,X  =  N(CIIj),,  iaomeric  with  pmpylaiuine  and 
|rlUyl:uiiine,  id  ublainud  in  perfect  purity  by  thu  uition  of  heat  on 
Sl/1-aiuuioiiiuiu  hydroxide,  whiub  in  theruby  oompletoly  reiiolvtxl 
letliyloiuinH  and  methyl  alcohol : 

I  N(CH,).OH  =  N(CH,),  +  CH,(OH). 

iprodaoed  by  distilling  codeine  and  narcotinc  with  potash,  and  ia 
1  in  large  qoautity  in  hBrring-])ickln,  tin-  peiuliiir  <i<l<ir  i>f  wblvh 
ita  presence.  It  ia  a  liquid  easily  hhUiIjIk  iu  wuier,  and  boiling 
I.  (4S).(iO  F.)-     It"  8»'ts  '"'f  soluble  ,  the  hydrocblorida  very  iliili- 


Ini' 


ethyl-ammoolnm  compounds. — The  ioHitle,  N(CHj),I,  may 
jUtl  by  abiding  methyl  iwlido  to  trimetliylaiuine.  The  two  snb- 
llnite  with  a  sort  of  explosion.  It  is  more  ejiaily  prepared,  liow- 
di^T'^ting  methyl  iodide  with  an  alcoholic  solution  of  amnmiiin.  In 
Aion  a  mixture  of  the  iodides  of  niuiuoiiiuni,  uietiiyl-artinioniuin, 
l-amuionium,  trimethyl-aniiuoniuni,  and  tetrarnethyl-amtnonUim 
ffi,  Tlie  first  and  liuit  comixmnds  are  formml  in  largest  quantity, 
HBaeparated  by  crystnllizatioii,  the  iixlide  of  telraiuethyl-amiiio- 
Epbut  sparingly  soluble  in  water.  It  rrystallize«  in  har<l,  flat 
(f  dazzling  whiteness.  The  hi/ilrniiJf,  N(C"H,),OH,  resembles  the 
iding  ethyl-compound  (in/rn),  and  is  decomposed  by  heat,  as  above 
id,  iuto  methyl  alcohol  and  trimethylamioe. 

!  

LBTHTL  BASBS. 
tne  or  Amiao-ethane.  C,II,N  =  n,C— cn,(Nn,)  =  N  I  "> ,  ' 

led  either  by  heating  ethyl  isocyanate  with  potash,  or  by  digesliitg 
Biuide  or  iodide  with  aluoholic  ammenin,  and  treating  the  mixture 
[thereby  produced  with  oxalic  ether  in  the  manner  already  de- 
llt  ia  a  very  mobile  liquid,  having  a  speiific  gravity  of  0.<iM(!4  at  80C. 
L),  boiling  at  IH^'C'.  ((iO.io  K.),  and  giving  olT  an  inflammable  vajior 
ma  a  specific  gravity  of  1  J>7.  It  has  a  most  powerful  ammoniaeal 
p  restores  the  blue  color  to  reddeniyl  litmus-paper.  It  produoeg 
buds  with  hydrochloric  acid,  is  alisorlied  by  water  with  great 
[Itnd  reacts  like  ammonia  with  metallic  salts,  ])recij>itating  the 
EtuMCiiesium,  aluminium,  iron,  manganese,  bismuth,  chromium, 
Ltio,  le.td,  and  mercury;  and  forming  with  zinc-»nlt«  a  white 
If,  which  is  soluble  in  excess.     It  dissolves  silver  chloride,  and 

th  ouppcr-salta  a  blue  precipitate,  which  is  soluble  in  excess  of 

ov. 

lug  pthylamine  to  oxalic  ether,  a  white  precipitate  of  d  i  o  t  li  y  I  o  x  - 

;  C^,(N1I.C,U,)„  ia  prisluced.  Treated  with  ddoriue,  It  yields 
54* 
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ethylaramoniam  chloridt>  and  dichlorolhylitniin«,  NC1,C,H„  aydloij 
lK|ui(l  wliifh  has  a  ]m-iii^1  rating,  tpar-<'Si-iting  wliir,  and  when  ln'»twiwlA| 
liotasli  is  wnviTtnl  inti>  iiniinonia,  |Mjtassiuiii  a^^V'tat**,  and  potassium  clil»l 
ridu : 

Ntl.CCjHj)  +  3KH0  =  C,H,KO,  +  2KC1  +  NH,  +  H,0. 

Ethylamine  is  decomposed  by  nilrotu  acid,  with  formAliOD  of  etliyl  i 
and  uvolution  of  uitroj;cn  : 


C,H,N     +     2UN0, 


C.HjNO,    +     2H,0    -f    N, 


On  pasxing   llip  vapor  of  ryoni'c  ariil  into  a  snlntion  of  cthylainin'.  Il» 
liquid   lH<uouie»   hot,  ami  dvpojiils,  aftiT  cvniiorBtion,  crystal^  of  etbjlJ 
u rea  :    C,H,.N  +  CNIIU  =  C,H,N,0  or  (•H,(C,n,)N,0  . 

The  salts  of  c thylnmiiie  resfnibli,-  lliosi-  of  animiinia  and  of  mrthylaniiM, 
The  hytlroclUoride,  NU,(C,Uj).UfI,  cryt^lal!i»i«  in  lar;;c  deliqucso-nt  pi* 
inelling  at  8(lo  C.  (ITti'^F.):  the  jilatiHodiloride,  2NHj(C,Uj)CI.PlCl„l 
orange-y  el  low  scaloa. 

Dlethylamlne,  C,H„N  =  NH(C,Hj),. — A  mixture  of  the  nolntions  i 
olhylamiuu  and  i-tliyl  bromide,  heated  in  a  sealed  tutie  for  several  boun 
solidilles  t<)  a  crystalline  mass  of  dielhylamuKHiium  bromide:  NHjCCyiJ 
+  t'jHsBr  =  NH,((',Hj)jBr.  This  broniide,  distilled  with  potash,  yiell 
diethyiamine  as  a  colorless  liquid,  slill  very  alkaline,  and  soluble  in  \(»l<i 
but  less  so  than  etliylamine.  This  coiiipouud  boils  at  57°  C.  (IIM.lP  f.)3 
It  forms  beautifully  crystallizable  salts  with  acids.  A  solution  of  dirlhjl- 
ammonium  chloride  forms  with  platinic  chloride  a  very  soluble doubleMit, 
2NH,(C,Hj),CI.PtCl,,  crystalliiing  in  orangc-ri-d  grains,  very  iliflrrrtir 
from  the  orangn-yellow  leaves  of  the  corresponding  ethyl-ammouium  iiltj 

Diethyiamine  behaves  with  cyanic  acid  like  ammonia  and  cthylauliMt 
giving  rise  to  diethyl -urea,  CUj(C,Uj),N,0. 

Trlethylamine,  f"slI„N  =  NCCjnj),.— The  formation  of  this  body  I 
perfectly  analogous  to  that  of  ethylamine  and  of  diethyiamine.  On  b<«^J 
ing  for  a  short  time  a  mixture  of  diethyiamine  with  ethyl  bromidfl  in  (I 
sealed  glass  tuh«,  a  lH*autiful  Sbrous  mass  of  triethylaiuiuouium  brmnid*] 
is  obtained,  from  which  the  triethylamine  may  Ih»  separated  by  potolul 
Triethylamiue  is  a  colorless,  powerfully  alkaline  liquid,  boiling  at  SiWCf 
(1!I2.20  K.).  Us  salts  crystallize  remarkably  well.  With  platinic  chh 
rido  it  forms  a  very  soluble  double  salt,  2Nll(C,Ilj)jCl.PtCl„  which  cryvj 
talliios  in  magniilcent,  large,  orange-red  rhomlja. 

TetrethylammotUum  compounds. — When  anhydrous  triethylunb 
is  mixed  with  dry  ethyl  iodide,  a  powerful   reaction  ensues,  the  niixtui*^ 
Ixiils,  and  solidifl<«  on  cooling  to  a  white  crystalline  mass  of  tetrelliyl' 
ammonium    iodide:    N(C,Hj),4- C,HjI  =  N(C,Hj)J.     This  iodide  [ 
reailily  soluble  in  hot  water,  n-om  which  it  separates  on  cooling  in  beaali-l 
ful  crystals  of  considerable  size.     I(  is  not  decomposed  by  ]>otush,  but  nwf I 
be   boiled  with   the  alkali   for  hours  without  yielding  a  trace  of  voUtilf 
bi«e.     The  ioi)ini.>  may,  however,  be  readily  removed  by  treating  thi"  jolaJ 
lion  witli  silver-salts.     If  in  this  case  silver  sulphate  or  nitrate  lie  ii«>*ili 
we  obtain,  together  with  silver  iodide,  the  sulphate  or  nitrate  of  tctr^lbyl- 
ammonium,  which  crystallines  on  evaporation  ;  on  the  other  hand,  if  the 
i(Hlidu  be  trnitiHl  with  freshly  precipitated  silver  oxide,  the   hydroxi<l« 
of    tet  re  t  h  y  lammon  i  u  m  ,    N(C,H,),OH,    is  separateil.     On  flllerinR 
off  the  silver  precipitate,  a  dear  colorless  liquid  is  obtained,  which  cont«l'n 
the  isolated  base  in  solution.     It  has  a  strongly  alkaline  reaction,  and  iU' 
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Iter  twt».  The  solution  of  l«trethy1-aiiunoiiiuin  liydrozido  baa 
Uile  Analogy  to  potiuh  and  soda.  Liko  thes"  snlistumu's,  it  de- 
I  xpideriuix  and  aapdniOi's  fatty  HiilntancHg,  witli  formation  of  true 
ith  luftallic  salLs  it  exbiliit»  t-xailly  tin;  iiuiut:  rL-.irtinn.s  lus  [xjtasli. 
rating  a  solution  of  tlii-  base  In  »  vacuuni,  long  Hlcndcr  UL-rdlcS 
it«!d,  consisting  of  tin-  liydroxidi-  witli  a  lerlain  amount  of  crys- 
i-wal«*r.  After  some  tiiiic  tliesL'  nt-edln)  disaiipuar,  and  a  wmii- 
I  is  left,  wliicli  is  tile  anbrdrou.s  baau,  A  oonuentrated  solution 
npound  in  water  may  Iw  boiled  witliout  di^coiuposition,  but  on 
IB  ilry  aubatauce,  it  is  decomj>os<-d  into  triethylaniiue,  water,  and 
l: 
N(C,H»).(OU)     =     1I,(*    +     N(C,n,),    +     C,H,. 

(•r  salt*  of  tetrethylauimoniiira  are  obtaineil  by  treating  the  liy- 
Ith  aojils  :  several  of  tliem  fonn  beautiful  crystals.  The  p/iitiiio- 
N(C,Hj),C'l],.PtCl,,  crystallizes  in  orange-yellow  octohedrons, 
ittblw  iu  water,  less  soluble  iu  alcohol  and  ether. 


jiubW 


limw  of  the  acrieji  C„Hj„4^N,  which  contain  more  than  three 
earlion,  admit,  as  already  ubserred,  of  isomeric  modifications, 
the  structure  of  their  alrahol-radicles. 

amine  (normal),  r,H,N  =  j.  (  CH,CH,CH,  ^  projuced   by  liy- 

lU  of  jiroprionilril  (etiiyl  cyanide),  CjH^N,  or  by  the  action  of 
Hash  on  tbe  mixture  of  propyl  iaocyanato  and  iswyanurate  ol>- 
distilling  normal  propyl  ioiiiile  with  silver  oyanate,  is  a  strongly 
quid,  boiling  at  50^  C.  {M'JP  F.),  and  having  a  specific  gravity  of 
(P  C.  The  plntinnchloriik,  2(t',U,N.UC'l).l'tCl„  crystalli:se!i  iu 
low  monorlinic  prisms. 

•ite,  CjH,N.NO„  is  resolved  by  heat  into  pscudoproiivl  alcohol, 
u>d  walwr,  CU,— (JH,— CH,(N'U,)  +  NO,U  ;=  flK— L ilOU— €11. 
\^. 

pyUmine,  CH^— CILNH,— Til,,  or  N  |  Jj"(f-"s)»   ,  u  produced 

lie  by  the  action  of  hydrochloric  acid  on  isopropyl  isocyanide  : — 

C=N-r,U,  +  2H,0  =  NH,(C,H,).flI,0,. 

(o  liberated  from  this  salt  by  successive  treafnipnt  with  hydro- 
d  and  potash,  is  a  sweetish  aiumoniacal  lii|uid,  boiling  at  'H'^  C> 
.  Its  platiauchlorido  orystallixei  iu  goldeu-yullow  scales  ur  llat- 
Uea. 

amines.— Of  primary  butylamine,  C^HuN,  there  are  three 

His,  vii.  : — 


aial  Batylamine,  CH,.(CH,),.NH„  obtaine<l  hy  the  action  of 
fdrogen  on  normal  propyl  cyanide  or  biityro-nitril,  CHj(CH,),. 
I  a  colorless,  hygroscopic,  fuming  liijuid,  iHuliiig  at  75. SO  C. 
),  and  having  a  apecitic  gravity  of  0.756  at  (P  C.  Nitrous  aoid 
into  isobutyl  alcohol,  CH(CHj),— (^H.OU. 

ntylamlne,  CH(ClIj),.CH,.NH„  is  obtained  by  distilling  a  mix- 
Uissium  isobutylsulphate  witb  potassium  cyanate,  and  treating 
Ug  isobutjrl  iaocyauate  with  potash.     It  boils  at  titP  C.  (.l&A.-tP 
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F.).  »»•'  >>»»  »  specific  gravity  of  0.7357  at  \5P  C.  (50O  P.).     With 
n<-iil   it  yivlds   tertiary  bulyl   al<xili(>l  or  trimethyl  oarliiuol,  (rUj),.l'OH. 
Now  it  hits  b««en  nlrt-mly  »lnt»*<l  tlmt  normal  Imlylatuiin^  siniilarl.i'  irvulcil 
is  cnnvertwl  into  isobutyl  alcoliol,  and  uumial  propylauiinc  into  i^' 
almliul.     Uenw  it  appeATD  that  tl>e  action  of  nitmuii   acid  on   ) 
aiiiinf!H  givt^  ri^u  to  tlie  aluuliul  uf  a  radiclu  ountaiuiiig  oueor  iiuirv  lut-mu- 
gruiip  than  tlie  original  aiuinra  ; — 

CHj.CH,.CH,.CH,NU,    4.    NU,U  =  N,  +  H,0  +  CH(CH,),.CH.OH 
Normit)  Hutj'lamiDC.  Isobut^-i  aieobol. 

Cli(CH,,),XH5.NH,    +    NO.U  =  N,  +  H,0  +  (CHj),f.<OH 
lAobu'tylamioc.  Terlliiry  Hulyl 


•a 

i 


aicobul. 

3.  Tertiary  Butylamlne,  or  KatabutyUmlna,  (CIL,),C.NH,,  is 
partii  by  IumIiii};  isuliulyl  iixiiUf  witli  dry  ailuT  iyanal«,  mixing 
reBultiu);  ^olid  coiiiiKiund  of  silver  iodide  anil  isoliutyl  oynnate  witli  &nrlf 
pulverixi'd  jiDtassium  hydroxide,  and  diHlilling  the  mixture  by  small  qau- 
titiHS  at  a  time.  It  ia  a  liquid  boiling  at  45^-<-4tiO  C.  (113-114.bO  F.), 
and  having  a  spetiflo  gravity  of  0.ti!)87  at  15°  c.  (fi90  k.). 

Dlbntyalamlne,  NH(C,H,)„  and  Trlbutylamine,  N(C,H,)„  are  ob- 
tainiil   as   bye-pr<Klufts  in  the  preparation  ot  normal  valeric  ati'l  '     '' 
action  of  alcoliolio  iwitash  on  normal  butvl  vvauidu.     The  funnel  ' 
lUtio  c.  (320O  F.),  the  latter  between  "211^  C.  (411. S*--  F.)  and  ::. 
C4190  K.). 

Fentylamlnes. — Of  primary  pentylamines,  CjHuN,  there  arc  two 
known  mo<lilicationa,  viz.,  isupen  ty  lami  nc  or  amylamine,  dcrivid 
from  the  ordinary  amyl  alcohol  uf  fermentation,  and  pseud  opentvl- 
amine,  derivwl  from  isopropyl-methyl  carbiuul  (p.  5SU).  They  are  rep- 
resented by  the  following  formula: — 


(0H,0H(t;U4), 


tci 
nJh 


CH,UU,UU|OU.), 


bopeDtylamioe, 


I    fL"H( 

LNH, 


H(CU.),  (CU(CIUl[CH(CBtU 

orN{H 


Pieu(to|>entyl«intna. 


I 


Isopentylamine  or  Ordinary  Amylamine,  ia  obtained  by  distiTll  ^ 
feopenlyl  isocyaiinle  or  isocyauurate,  or  jirimary  iaopentyl-carlwiinJ? 
CON,ilj(CjH||),  with  potaHh  ;  psendo-jMtntylamino  in  like  manner  fnim 
Biwondary  isopcntyl-earbamide,  CON,U,(Clij)(<',H,).  Both  are  colurlcM 
liquids,  of  penetrating  amnioniacal  tMlor,  and  Klightly  solulde  in  water,  t^ 
which  they  impart  an  alkaline  reaction.  Amrlnmine  boils  at  S.'iOC.  (2<tP 
v.),  and  has  a  fipecilii;  gravity  of  ().7503  at  1(«3  C.  (t>4.40  F.);  p»eudop<-n- 
tylaniinu  boils  at  "S.-'iO  c.  (173. .SO  F.),  and  has  a  specific  gravity  of  tt.TJJ 
at  (P  G,  I'latlnochloride  of  amylamine  crystalline  in  golden-yellow  scale*. 
tliat  of  pseudopentylamine  in  fine  crystals  derived  from  a  monoclinic  prinn. 
The  aurmOiloride  of  psuudopentyl,  C^Hi^N.AaCl,,  forms  large  yellow  mono- 
clinic  crystals. 

Dlamylamlne,  C,„H,,N  =  NH(CjH„)j. — An  aromatic  liquid,  less  rolu- 
hle  in  water,  and  less  alkaline  than  amylamine.  It  boils  at  about  ITOQC 
(33bO  F.). 


Triamylamlae,  r„HjjN  =  ?f(CJI,,),. — A  colorless  liqnid,  liavinr  pr» 
pertii'H  similar  to  lltose  of  the  two  preceding  bases,  hut  boiling  at  'iil^C 
(194°  F.).  The  suits  of  trianiylaniiue  are  very  sparingly  soluble  in  w« 
tuid  melt,  when  healeil,  touilorless  liquids,  lloating  upon  »al«r. 


BRO.M  ETHYL- A  MINES. 


nmyUmmoalnm  Bydroxld«,  O2,H,jNO  =  N(CjH„),0h. — Tliis 
If  is  (ar  !«««  »<ilubl><  tliaii  llie  wrri-npoiKling  biisi-a  of  the  methyl 
ijl  ifTiee,  and  »i'|>ariit«-«  aa  an  oil_v  layer  «ii  adilinf,'  piitash  to  Ihn 
i*olutioii.     On  uvufioratiDg  the  itolutioii  in  an  alniintpheru  rrtvfrum 

le  acid,  thi)  alkali  may  Ik  obtained  in  Hplendid  crytilalx  of  vonxider- 
When  isutimitted  to  distillatiou  it  >>iilits  into  water,  triaiuyU 
and  amyleue : 

N(C,U„).OH    =    H/J    +     N(C,H„),    +    (\H„. 

methyl*    and    Xithenyl-    or    Vinyl-bases. — Tertiary 
aes  unite  directly  with  othciie  bromide,  giving  rise  to  broniinated 
ium-biuicd:  e.g., 

(CA).N     +     C^n.Br,    =    SftM''^-"''- 

oompoandB,  the  bromine  directly  attached  tu  tlio  nitrogen  is  easily 
,blc  by  double  decomjxjsition,  by  the  notion  of  silver  nitrate,  for 
!,  whereby  the  bromide  is  converted  into  the  nitrate  (C,Hj), 
JN.NO,. 

ether  bromine-atom  in  mora  intimately  combined,  but  this  also  may 

red  by  the  action  of  moi^t  silver  oxide,  thcgrniiij  ('jH,Hr  <iv  t'!l,Hr — 

gconverted,  by  elimination  of  Hlir,  iiitoetlii'iiyl  or  vinyl  Cll,  CH, 

liriiUiide  of  triethyl-brouietliyl-iimnioutiiiu   being  converled    into 

ijr  1- V  iuy  1-ammuaium   hydroxidu: 


.OH. 


fur  }  ^■^'^  +  2AgOH  =  2AgBr  +  lift  +  [.^f/''^"  \  N. 

thene-bases  or  Hydramlnes. — When  ethonooxide, 
r  L'H, — O — I'll,,  is  treated  with  a<iiiet>ii;i  uaimonia,  1,  2,  or  3  mole- 
the  oxide  uuitu  with  one  uiol.  umuionia,  producing  the  following 


CH,(On)CHj.NH„ 
CH,(OH)(.H,^„„ 

[CU,(OU)CH,],N, 


Ethene-hydramine. 

Dietliene-hydramine. 

Triethene-hydramine. 


yilroohlorides  of  these  bases  are  also  formed  by  llie  action  of  am- 
n  ethene  chlnrhydrin,  C',H,CI(OH).  The  bases  are  separated  from 
iher  by  fractional  crystalliintimi  of  their  hydrochlorides  or  plati- 
idts*.     They  are  viscid,  alkaline  liquids,  decomposed  by  distitl.ation. 


4 


Cjn,,NO,. — This  base,  which  has  the  composition  of  trimethyl- 

ydriuanimnnium   hydroxide,   f'i''t<^V(C]i  \  oji  i  '"  formed   syn- 
By  by  beating  ethene  oxide  or  etheiie-chlurliydriu  with  trimetbyl- 
I  aqueous  solution  : 

(CH,),N  -I-  c.n.o  +  H,o  =  L'.n.<S5^,ij^j__oH 

iits  ready-formed  in  th«  animal  organism,  namely  in  bile,  from 
It  was  Itrst  obtnini-d   (hence  its  nniix)  ;  iiIho  in   tlii<  bruin,  and  in 

*Kg,  in  b<ith  of  which  it  ociuni  in  the  foriii  of  lecithin,  a  eom- 
tt  choline  with  glyoerophosphorio  acid  and  fatty  acids.     It  is  also 

I    from  sinapine,  the  alkaloid  of  white  mustard,  by  boiling  with 

and  is  thenoe  also  calle<{  sincaline, 

e  is  a  deliquescent  sulislnnce  difUcuIt  to  cryHtaUizc,\\av\t\g  tk«\,t<>T\^ 


4 
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ftdd  reaction,  and  absorbing  oarboniu  acid  from  tlie  air.    }i»  plalh 
2(l\tI,iN0,.UCI).PtCl«,  crystallizes  in  fine  r«d-ycllow  Ublos,  insolu 
alcohol. 

Choline   huat«d  with   hydriodic  acid  jit'lda   tlio   compound 

(CHj),N^j''    '  ,  which,  by  action  of  moist  silver  oxide  is  oouTori 

trimethyl-Tinyl-ainmoniain  hydroxide: 


<CH,).N<^5J'>    =    C.H„NO. 


This  base,  callml  neuriuu,  is  very  mnch  like  choline— ^m  wb 
differs  by  H,0 — and  likewise  exists  in  the  brain. 

Betalne,  C(n,,NO„  the  alkaloid  of  beet-Jaioe,  which  has  the 

tiou  of  triinethyl-glyoociue,  (C11,),N<^^' ,     (see  Axiues),  is  also 

related  to  choline,  and  is  formed  by  oxidation  of  choline  hydroclikf 
whence  it  is  also  called  oxycbuliue,  and  o  x  y  n  «  u  r  i  n  e .  It  is  fun 
Bynthctically,  as  a  hydrochloride,  by  heatuig  trimethylaiuluo  with  an 
oiiloraoetic  acid : 

(CH,)jN  +  CU,C1.C0.0U  =   (CH,),N<^'^^  .HCl 


1 


Betaine  crystallizes  from  aloohol  in  shining  dellquesoent  cryalalti 
taining  one  luulecule  of  water.  It  has  a  ueutrni  reaction,  a  sweelisb  ti 
•ltd  tl  decomposed  by  boiling  alkalies,  with  evolution  of  trimel 


ethvlaM 


These  are  bases  derived  from  a  double  molecule  of  ammonia,  N,fl 
BulKititution  of  bivalent  alivihol-radieles  fur  a  part  or  the  whole  o 
hydrojten,  or  from  the  paraffins  by  suhstitutiuu  of  two  MH,-grou||l 
'2  at<jms  of  hydroi^en. 

Uiamiiiia  nre  fiirmeil  by  the  action  of  ammonia  on  Uie  chlorides,  broa 
and  iodides  uf  diatomic  aluohol-radiules  (olelines). 

Ethene-diamlnes . — By  the  action  of  ammonia  on  ethene i 
miilf,  n  miiiilM-r  of  cum]>oun<ls  are  produced,  among  which  are  the  hyi 
briiniides  of  three  bases  derived  from  two  moleculi-s  of  ammonia,  by  i 
St  I  to  tiou  of  1,  2,  or  3  molecules  of  etheue,  C,H„  for  equivalent  qu 
of  hydrogen  ;  thus  : 

2NH,    +     C.n.Br,    =    N^C,  H.^N.iHBr 
\  H  H  / 
Ethene.<lt«inlDe. 

4NII,    +    3C,H,Br,    =    N^r,H,^N.2HBr    + 
Dletbeae-dUmlae. 

eNH,    4-   3C,H,Br,    =    N<C,H,-^N.2HBr    -f 
Trletbene-<]l«inlae. 
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itnrc  of  hydrobromidea  thus  obtainiHl  is  decomposed  by  di»tilla- 
potasli,  aiiil  llie  throe  diamines  wkivli  pass  over  are  st-purutwl 
tianal  diatillatiou. 

iC  II 
,,'    *  ,    ia    a.so    pro- 

bj   the   action   of    tin   and    hydrochloric   acid    on    dicyanogcu : 
,4-  4H,  =  C,H,N,.     It  i»  a  oolorles-i  liiiuid,  boiling  at  123^  C.  (253.40 


baring  a  litrtiug   alkaline  rvaetion,  and   ouimoiiiaual  odor. 
I  couviTts  it  into  ethvne  oxide : 


Nilroua 


iittktne'di 


+     N,0,    = 


I  am  lilt,   N,  <  C,H.  , 
(".,. 


2H,0    +     2N,    +    C,H,0. 
boils  at  170OC.  (3380  F.)  ;    tri- 


**-diamine,  N,(C,II,)„  at  2203  c.  (42SO  F.). 

■o  dianiinra  are  bi-avid  basos,  C4iiialil>>  of  uniting  directly  with  2 
Jnnt»  of  au  acid.    Thi^y  can  alito  unite  with  tlii;  linnniili-s  uud  iwlidus 
Rhe  alcohol-radiclea,  producing  iodides  of  auiiuouiuui  Ua^es,  thus : 


Jrom  Ethene-diaiuine  are  obtained 

Jde  of  Ethene-<linmmonium 
iide  of  Uii-thyl-fthcne-iiittiiimoninm 
lide  of  Tt'trelhyl-ethenp-diaiiinioiiiiim 
lido  of  IVntvthyl-t'tbeue-dittuituoiiiuiii 
ie  of  llexcthyl-ctheue-diumiuoniuui 


[N,II,(C,H.)]I,. 
[NJ1.(C,II.>«VI,),]I,. 
[.\',ll,(l-ll,j(f,H,)Jl,. 
[.\,H(C,llj(C,U,JJl,. 


/rom  Diethtnt-diamine ; 

id«i  of  Diethene-dianimoninm 
\Aifi  of  Diethyl-diethene-diaiiiinatiiiim 
idc  of  Triethyl-<liethen<?-diam!m)iiium    . 
lodido  of  Tutrethyl-dietheae-diauiiuouium . 


[N,II,(C,H,)J1,. 
[N,H,«.',ll,),(r,iy,]I,. 
[N,»{f,H,),{C,lU),Jl,. 
[N.(C,U.),(C,Uj)Jl,. 

from  Trifjhene-diaitdlw : 
ladida  of  Diethyl-triethcne-diamnioniam    .     [N,(C,H,),(C,H,),](,. 

The   diamines   also  unite  directly  with  water   to   form  ammoniam 

|d«s;  Utus: 


I  esidrfl  are  rery  nnstablo,  and  give  off  the  wat<>r  again  on  mere  dis- 
lion  over  potasDium  hydroxide ;  when  treated  with  acids,  they  form 
|lini^'«al*s,  with  lu-paratinn  of  water. 

Methenyl- diamine,    rNjII,  =  S,  |;.     '      ,    or    Formijlimidamidc, 

This  base,  nearly   related    to  cyanimide  or  oarbodiimide, 


011*^ 


!H, 


',  is  known  only  in  <y>mbination  with  acids.      The  hydrochlortdt, 

j.HCl,  is  produced  tnp..|her  with  ctliy!  clilnriile  and  ethyl  fnrtiintc,  by 
ing  the  ivimitonnd  rxn.IK'l,  fortiied  liy  <lir.'.-t    (■<iiiil>iMiiti«ii  of  iinhy- 
hydnicvaiiic  acid  and  gnm-oiis  hydnu'hlorii-  iir'id,  with  alivhtil : 

{H.lKl)  +  2(C,Uj.OH)  =  CN,U..HCl  +  0,11,01  +  O.Uj.CHO^. 


i 


R  orjraUlUie*  in  long  needles,  soluble  in  watvr  and  alrobo] 
base  ia  very  unstable,  and  whtrn  separated  (ram  the  lirdrtKlil 
alkali,  ia  quickly  resolved  inui  ammonia  and  acetic  acid. 

Hydroxyl-metbenyl-diamine  ur  laaret,  L'uNjII,  =  CU^ 

TUiH  baiM.*,  isiMikfrie'  witli  carbauii<io,  ii»  fttriiK'^l   by  i'va]><>rat: 
■olation  of  hjrdroxylamine  (p.  H'J)  and  hydrocyanic  acid 

CIIN     +     NH,.OH    —    C"vNH.OH. 

It  orvstallizoa  in  rhorabio  prifras  resembling  rarbamide  (urea); 
partial  di-wiiii"witioii  at  1040-1050  C.  (2iy.2Ci-221i  F.);  has 
reaotion,  ami  uiiiti-s  nitb  1  oquiv.  of  acids,  forming  crystalline: 
arc  rvaolvud,  on  heating  their  solutions,  into  formic  add,  an 
bydroxylaiuine.  The  base  itself  is  also  decomposed  by  boiling 
solution  yielding  nitrogen,  carbon  dioxide,  ammouia,  guonii" 
and  biuret. 


ting 

1 


TBI  A VISBS. 


uiiUm 


Siethene-trlamlne,  Xj  <  C',U, ,  and  Trlethene-trlamine, 


— Tlie  hydrobromides  of  these  bases  are  found  amongst  the  | 
taineil  by  heating  etliene  bromide  with  ammonia.  Their  fort 
presented  by  tiie  equations, 

4Nn,    +     2C,n,Br,    =    NH.Br    +     N,(C,H.),nj31 

6NII,    +     Sr.H.Br,    =    SN'H.Br    +     N,(C,H,),n,.a 

Trletbene-trian 

These  bases  cannot  lie  separated  by  distillation,  on  account  o 
itnily  of  llieir  Ifoiliug  points,  but  their  sejiaration  is  effected  bj 

*u^.^  ;•.««.  nl.,4;r*r....l.l<\i>i«1.M     vKi.i1»  *ir vatnl 1 1*44  with  grost  faftill 


^«  liMw,  9<rp&rate<l  from  the  bromide  bjr  silver  oxide,  is  a  slrimgly  alk»- 

wUicU  drie-s  up  to  a  noii-oryaUiliziiig  syrup.     The /</u<iiii)c/i/«- 

4ilC1.21'lCl„  is  a  pale  yelluw  aimurphuus,  almost  iiisolu- 


TK1A.M1NE8. 
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+     C,H.Br,    =     Nj(C,H,),H,.2HBr. 


1 


Ooanldine,   CH^N,, 


Carbotriamine,    N 


MS 


6 


or  Caibimido- 


ide,  C  -NH    . — This  base  is  jjroducL-d  :    1.  liy  the  action  of  aqueous 
Bia  at  1500 C.  (3020  F.)  on  chloropicriu,  or  ou  ethyl  orthooarbnnate : 


_     -f    3NH, 
CkJara|i4ei'' 
C(<>C.H,).    +    3N1I, 


OC1,(NOJ 
CkJara|i4erra. 


7,rttt 


=    CNjHj.UCl     4-     2UC1     +     NO,U. 
.     n,0     =     CNjHj    4-     11/)    +     4C,H.O. 


Ellifl 
tirboaate. 

2.  By  heating  ryanamide  in  alcoholio  solution  with  ammoniom  chloride: 

CH,N,    +     NH.Cl     =    CN,Uj.Ua. 

S.  To(r»lhi>r  wilh  parnlianin  acid,  by  healing  guanine  (an  alkaloid  ob- 
talnni  from  puauo),  with  a  luixturo  of  hydrovhluriu  aiid  aud  potassium 
c)ilurat«,  m  Uich  exerts  an  oxidixing  action  : 

c^u^yfi  +  o,  +   H.o   =.  cN.ii,  +   c,N,n,o,  +   co,. 

Ooanidine,  separatrtl  from  its  snlpliate  by  barytvwater,  forma  colorless 
rryitaU,  easily  soluble  in  wnt<^r  and  alcohol  :    the  solution  has  n  ]M>werful 
ine  reaction,  and   absorl«  carlioniu  acid   from   the  air,  forming  a  car- 
ate,  2CHjN,.H,C0,,  which  is  also  alkaline,  and  crystaUizes  in  square 


hAKate, 


T>—  -■'-  -v,  CHjN,.NO,H,  forms  large  laminaj  easily  soluble  in  water. 
T  iloride,  CBjN,.UCl,  yields  a  platinochloride,  crystallizing  in 

T.-  Il.-l. 

.\lc<iimlic  derivatives  of  gnanidino  are  formed  by  reactions  analogous  to 
tboNX  which  yield  guanidine  itself,  especially  by  heating  cyanamidu  with 
the  bydrodilorides  of  primary  amines  :  e.  y., 

CN.H,    +     NH,(Cll,).Ua    =    CN,n,(CHj).nCI. 

■  ethrl-goanidine,  CN.n/CJT,),  is  also  formed  by  boiling  creatine 
•  ■i"  wid  raercnrio  oxide.     When  separated  from 'its  hydrochloride 

'  •  I*"  ''  forms  a  deliquescent  crystalline  mass,  whioli  uiiitt-s  with 

1  ^^.  ■-;  ..^..l,  fonnint;  well-cryslallixed  salts. 

TrietUyl-gnanidine,  CN,H,(('JI,,)„  is  fnrTne<l  by  b<iiling  diethyl- 
Ihkwarbam'ule  and  ethylamine  in  alwliolio  solution  with" mercuric  oxide: 


HgS    -f     H,0 


+     (C,H.)Nz^C<ij;j 


Nn.C,H, 


C,H. 


The  phenyl  and  tolyl-dnHvatlons  of  gnanidino  will  be  deacril)ed  amongst 
lk»  omnponnd-H  of  the  aromatic  group  ;  the  derivatives  oontaining  acid 
radli'Jrs  amongst  the  derivatives  of  uric  acid. 

•  for  fiirihrr  drtmls  rpipertini?  thp»e  higher  ethene-bsies,  se«  Watls't  DlelloD- 
arj  of  ('hemi>trx,  vol.  II.  |>p,  M8-6W. 
ib 


I 
I 


Fbosphoros,  Arsenic,  and  Antimony  Bases. 

Pbospboros,  &rs«nic,  and  antimonj,  being  like  nitrogen,  either  tririln 
r  qainquiraleDt,   are  capable  of    fumiing  oompoauda    analdgoiu  k>  I' 
I  and  the  aiiimnninm  »altj. 


paaspaoara  sasss  oa  paaaranas. 


Tertiarj  pbosplune*  and  phnspboniom  baaea  arv  brnMd  \>j  the  I 
of  aiooholio  iodide*  on  pb<.Hphiup,  I'U,  :  tbiu, 

-f     3C^I     =     2JU     +     1  Ml. 


PlI, 


r 

^B^       or  more  readily  by  beating  pboepboninm  iodide,  PII^  (p.  219},  to  II 
f  I80O  C.  (302^^^560  P.)  witb  alooboUa  iodide*  : 

H        pl> 


P(C,n»). 


PH.I 
and  P(C,Ht)jHI 


c,nj     = 


P(cn,)i 

Tri«thjl-pho<tphoaluBi 
Iodide. 


am   4-   p(c^j),.Hi; 

HI    +    r(C,Hj.I. 


On  beating  tbe  product  witb  potasb-lye,  the  hydricidide  of  the 
phosphino  is  deoompoeed  and  tb«  base  set  free,  while  tbe  iodide  of 
phoupboiiium-baae  remains  unaltered. 

The  tertiary  phwphiuea  are  also  formed  by  distilling  the  nno-ceimjMiinitI 
of  the  aluohol-radicles  witb  pboapborus  trichloride  in  an  atmosphsn  oT 
hydrogen : 

3Zn(C,Hj),    +    2PCT,    =    3ZnCl,    +    2P(C,Hj),. 

Tbe  primary  and  secondary  phogpbines  are  formed  by  beating  tbe  slm- 
holic  io<lidea  with  plumiihuniuin  iCKlide  to  about  l!ilf^  0.  (M'Si  V.)  ia 
presence  of  certain  metallic  oxides,  sai'li  as  sine  oxi<le  (ordinary  uuc-Tliil* 
of  commerce),  the  product  being  a  mixture  of  tbe  primary  and  seeooduj 
pboepbiuus : 

2PH,I    +    2C,HjI    +    ZuO    =    Znl,     +    H,0    +  2P(C,Hj)n,I 
and  PHJ     +     2C",HjI    +     ZnO     =    Znl,    -f     "/>     +     P(f,ni),H,L 

On  treating  tbe  crystalline  product  witb  traler,  monetbyl-pboephiiM  it 
act  free : 

P(c,n,)H,i   4-    H,o   =    HI   +    n,o  +   P(C,nj)H„ 

while  the  dii'thylpboepbine  salt,  remaiiu  unaltered,  but  may  be  dMoni- 
posed  by  boiling' it  witb  canstio  soda,  the  diethylpbospbine  being  ihroMl 
free. 

The  phospbines  are  colorless,  strongly  refracting  liquids,  bartng  »n  a- 
tremiOy  pungent  intoxicating  odor.  Thev  are  nearly  insoluble  in  watT. 
In  conflict  with  the  air,  tbey  nxidiie  rapidly  and  iufwtly  t.ake  fire:  lieiif* 
their  preparation  must  be  conducted  in  an  atmosphere  of  hydrogen.  Tli« 
salts  of  the  primary  phosphinos  are  easily  decomiKwud  by  water,  thowol 
the  secondary  anil  tertiary  phosphines  are  not. 

The  primary  phosphineo  are  converted  by  oxidation  Into  pboaphonli' 
aolda,  those  of  the  secondary  phosphines  into  pboaphinic  aelds  (p.  Hi)' 
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IU,H.   4- 


Irtiai 


/OH 

H,C— P=0   . 

\OU 


\OH' 


MotUylpboBphonic  acid. 


l)iincthyl-phoBphiiiio  acid. 


tiary  pliospliiiiea  unite  directly  witli  1  atom  of  oxygen,  furiuinf; 
I'ttxidca,   like  (L"H,),r'0,  and  similarly  witli  1   atom  of  sulphur,  2 
t  bruiuiue,  ioiline,  etc.,  and  also  with  carUin  bisulpliide. 
Ulowiiig  table  exbibitii  the  chief  diHtiuguisliiiig  characters  of  the 
land  uthyl-phosphiues : — 


k 


iBalUug  Point, 


iixphloe* :— 


Lhla«  = 


Qua  liquefying 
nt—H'O. 

(U.8    F.) 
1^  O.  (7^'  K.) 


^  O.  (77°  F.) 
M'  C.  (!»'  F. 


8p.  OmvUy 


L-lghter  tbaa 

wAter. 
LiKhrer  tlian 

water. 


l.llChtpr  than 

water. 
I.igliter  than 
I     »vnU'r. 
llsr=C.  (iAtC    0Jl2ntlioO. 
F.)  iM.!)"*.) 


Hydriodlde. 


Thlok  er)'ital(, 


Quadrilateral 
plates. 


Plittlno- 
cttlorldc 


Cryatalllzea 
well. 


Omner-yellow 

lirlamv. 
Ijed  iieeillei. 


point  of  the  iaopropyl,  isobutyl,  and  iaopentyl  or  amjrl 
I  are  as  foUowa  : — 


opyl-phoaphiues, 

B.  P. 
iatyl-pbosphineg, 

B.  V. 
fl-phoiiphines, 
'       B.  P. 


P(c,n,)H, 

410 

P(c.n.)n, 

P(c.n„)n. 
ioe-1070 


p(c,n,),n 

P((\n.),n 
1530 

P(Cjll,.),H 
210-2150 


P(C^1,), 

P(f.ll,), 
215C' 


ABSE!«IC  BASB8. 

ttaylarBlne,  As(C,nOv  '»  produced  by  distilling  an  alloy  of 
and  aodiuni  with  ethyl  iodide.  At  the  name  time,  aliso,  there  is 
|DOth^r  Ixxlv,  coiilnininR  As..(('jHs)„  aiialoc«us  to  araendimelhyl 
f\.  Both  wlmjioundB  are  liquids  of  jwwerl'ul  ixlor ;  they  may  lio 
i  by  dlxlillation  in  an  atmoaphere  of  carbon  dioxide,  the  triethyl- 
paaiiie  over  la*it. 

ylarsine  tuny  be  obtained  pure  by  a  process  analofron«  to  that  em- 
Ibr  the  prei'iarntion  of  trletliylphosphine,  namely,  by  distilling 
C  chloride,  AaCI,.  wfth  «ine-etiiyl.  It  in  a  colorless  liijuid  of  most 
bhie  odor,  similar  to  that  of  nr'<enietted  hvdrof;en.  solul.b'  in  water, 
and  -tbHr,  and  bfilliiii;  at  14tPC.  (2M'^  P.).  Triethylarsine  com- 
r»ctly  with  oxypen,  sulphur,  bromine,  and  iodine,  giving  rise  to  » 
'  couipoundB  containinu  2  atoma  of  bromine  or  iodine,  1  atom  of 
or  oxygoa,  and  aualogous  to  the  corresponding  compounds  of  tri- 
bio«>. 

iflartine  sulnnitliM  to  the  action  of  ethyl  iodide  yields  acryatalline 
id,  Aa(C,U^),l,  from  which  freshly  precipitaleil  silver  OY\de  »«v*^ 
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rMe»  tha  eorrapondiiig  hydroxide,  As(CxH4),OH,  a  powerfally  ilkilint, 
sulwUnce,  similar  to  the  con«»{ioD(ling  nttrogen-,  phcwphuriu-,  Mid 
mony-oompouud*. 

An&lugouii   •ubatmncea   vxUt   in   tb«  methyl   Beries.       Trimtlkf 
Ai)(CD,)„  i»  rormed,  togrlht-r  witii  anendimethxl  or  c«oail/l,  A«,(l 
wh(<n  an  alio/  uf  aneuic  and  8c«Lum  in  aubmittwl  to  the  action  of  : 
iodide.     It  unites  with  methyl  iodide,  prwlucing  MramftJiyUirm 
Aii(CI],),I,  from  which  tilror  oxide  (eparaltii  the  hydrate,  A:t(C8_ 
The  io<Uile  jiwt  mentioned  is  formed,  together  with  iodide  of  eaoudyl,  ^ 
oaoodyl  is  acted  apon  by  methyl  iodide : 

A»/CHJ«    +     2CU,I     =    As(Cn^.I     +     AaCCU,)^ 

'By  sul  -  •  thyl  iodide  (or  methyl  iodide  in  this  reaction,  the< 

pound  .\  :"s)il  i^  formed.     All  these  todidns,  treated  with  I 

silver  oxiav.  >itia  the  uorrespondiug  bydruxides. 

As(CHJ, 
Araendimethyl  nr  Cacodyl,  A8,(CH^,  or  I 

A«(CH,), 
arsenic  in  this  oompoand  is  triralent,  as  in  those  just  descrilx 
of  nqui%'alen(>e  of  each  of  the  arsenic  atom£  being  a»li»fie<l  I'v 
with   the  other,  Just  aa  in   the  solid  hydrogen  arsenide,  A^.ll,  ^^'. 
When,  lioHerer,  the  arsendimethyl  combines  witit  chlorine  or  other  : 
atomic  radicles,  the  molecule  splits  into  two ;  thus : 

A8,(CH,),    +     CI,    =    2A»(CH^,Cl. 

Cacodyl,  so  callod  from  its  repulsive  odor,  constitutes,  together  witlil 
products  of  oxidatiou,  the  spoutaneously  inD»mmalile  liquid  known  i 
CaJfl't  fuming  lu/iiuJ,  or  Alkarsin.  This  liquid  is  preparml  l)y  distilli^ 
equal  weights  of  potassium  acetate  and  araenious  oxide  in  a  glass  rrti: 
connected  with  a  condenser  and  tubulated  receiver  cooled  by  ice,  a  tub 
being  atlachtMl  to  the  receiver  to  carry  away  the  permanently  gaie<>i 
products  to  some  distance  from  the  experimenter.  At  the  doee  of  the  op 
ration,  the  r(>ceiver  is  found  to  contain  two  liquids,  besides  a  quantity  ( 
reduc<-<l  arsenic :  the  heavier  of  these  is  the  crude  cacodyl ;  the  other  n>» 
lists  chielly  of  water,  atretic  ai-id,  and  acetone.  The  gas  given  off  durin 
the  distilliitiou  is  principally  earlion  ilioxide.  The  crude  caiodyl  iti 
peatodly  wiwhed  by  agitation  with  waUir  previously  fre«i  from"  air 
boiling,  and  afterwards  rwlixtilleil  from  potassium  hydrate  in  a  vessel  All^ 
with  pure  hydrogen  gas.  All  these  operations  must  be  oonduoted  In  1' 
open  air. 

Pure  cuoxlyl  is  ohlainiHl  by  decomposing  the  chloride  with  in. 
dissolving  out  ilie  zi no  chloride  with  water,  and  deliydrnting  tli 
with  calcium  ciiloride.     Tlie  strong  tendency  of  caecNlyl  to  tnk.- 
air,  and  the  extremely  |«)iHonou«  chnract4-rof  its  vajwr,  render  it  im 
to  perform  all  the  distillations  in  sealed  v(«sels  filled  with  carbon  dioxi* 

Cacodyl  is  a  c^ilorless,  transparent  liquid,  lulling  at  17(»^C.  (33S^' K-V 
and  crystal! i«ing  at  ti'^C.  (42.80K.)  in  large  transparent  prisms.  ItsnwU 
like  alkarsin,  and  is  even  more  intlamniable.  At  a  tem|)erntun<  UfM 
redness  it  is  resolved  into  metallic  arsenic  and  a  mixture  of  2vuls.mella 
and  1  vol.  elliene :  2As,C,ll,  =  .As,  ■\-  2CI1,  +  C,H,. 

Cacodyl  instantly  tak.-a  lire  when  pnurcl  out  into  air  or  oxygen  or  dil»- 
rine.     With  very  liuiitisl  aci'i«ss  of  air  it  throws  off  while  fumi*.  passinjj 
into  oxiile  and    ultimately  into  caoiHlylic  luid  ;    it  combines   alito  din-etlj 
with  sulphur.     It  can  take  up  2  atoms  of  a  munod  or   1   ttt4im  of  a  ilyiu  . 
oleuioul,  forming  wimpouuds  like  the  chloride,  A«,(CU,),C1  >B:Us(Cti,)^^ 
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ixide,  Aa,(CH,),0,  in  <rhioh  the  arsenic  is  trivalcnt ;  or  again,  6 
ktunu  uF  a  UKUkAil  or  3  atom:)  of  a  dyad  element,  foruiiiig  com|HiniKU  like 
Ibr  triclil<>ricU<,  Am,(CH:,),1'1,  =  2As(CH,),(;i3,  in  wliiL-li  tlm  iin«>uic  ia 
qain<juiTalcut.  Tliese  last-niuDtioned  buditfs  are  tlie  most  stable  of  all  thti 
kk^hIvI  i'<irii|H>aDds. 

■  I'lride  or  Arten-rJilor<Mliiuelliidr,  A»(CH,).j(M,  is  nbtainnd  by  dis- 

-in  with  strong   b.vdrucliluriu  aciil,  or  bctt«r,  by  mixing   the 

"liwlic  solution:!  of  alkur»ln  and  u>>ri'uric  cbloriile,  distilling  the 

J  [iret-ipitateof  cacodylicthloromerfuiiitt',  Asj(('llj),<J.2llgt'l,,  with 

^  ,    "lug  hydrochloric  acid,  and  digesting  the  <liHlillute  for  several  days 

twraM  bulb  apparatiu  with  calcium  chloride  and  quiuklime,  and  finally 

tiling  it  in  an  atuioisphere  of  carlxin  dioxide. 

lyl  chloride  is  a  colorless  licjuid  which  do<«  not  fnme  in  the  air,  but 

I  on  intensely  poisonous  vapor.     It  is   heavier  than  water,  insoluble 

k^t  liquid  ami   in  ether,  but  eaiiily  soluble  in  alcohnl.     The    lioiling 

■t  of  this  compound  is  a  little  above  UKP  C. ;    its  va[)or  is  colorless, 

•Iv  intlaiuraable  in  the  air,  ami  has  a  density  of  4.5l!.     Uiluto 

nil  -solves  the  chloride  without  chuuge;    with  the  concentrated 

U    ^  iiiil  explovion  Oi'cur.     CawKlyl  chloride  otimbineM  with  cuprous 

ride,  forming  a  white,  insoluble,  crystalline  double  salt,  containing 

|fCH,),t'l,.Cu,C'l, ;   also  with  oawxiyi  oxide.     U  forms  a  thick,  viscid 

■l«,    «giaily   dehydrated     by    calcium    chloride.       Cacodt/t    triclilnriiU, 

uII^iCl,,  is  pnxtucud  by  tlio  actiou  of  phosphorus  pentaohloride  on 

dylic  at/id  : 

»(cn,)jO(<iu)  4-   arci,  =  As(cii,),ci,  +   2Poci,  4-   hci; 

aUo  by  the  action  of  chlorine  gj\s  on  the  monovhlorido.  Prepared  by  the 
flnt  uutUiod,  it  forms  splendid  largo  prismatic  crystals,  which  are  instantly 
ih'oomposeil,  li.-lweeu  -UP  and  51K'  C.  (104-lli7O  F.),  into  methyl  ohtoridu 
^raeu-mouomcthyl  chloride : 


Aa(CU,),a, 


cnjQ  +   AB(cnj)ci,. 


«h»D  heativl 


irtWy  Jixtiilr,  A8(t'M.,),l,  is  a  ihin,  yellowitih,  heavy  liquid,  of  offensive 
,  prepanvi   by  distilling  alknrsin  with   strong  solution  of  hydriodio 
A  yellow  cry^tallina  oxyiodide  is  formed  at  the  some  timo.     Cacodgl 
iiir  sTi<\  fimiride  have  also  been  obtnineil. 

'lide,  A»(CIlj),CN,  is  easily  formed  by  distilling  alkarain  with 

yanic  acid,  or  mercuric  cyanide.    Aljove  3.'iO  C.  (ill..lO  J.'.),  it 

■ihereal  liquid,  but  below  that  tem|ierature  it  crystnlliites  in 

~tded  prisms,  of  iH'autiful  dianioml  liihlre.      It  iMiils  at  alniut 

F.),  and  is  but  slightly  soluble  in  water.     It  takes  lire  only 

The  vapor  of  this  suljstance  is  most  fearfully  poisonous  :  the 

Mn<Mi>h>-re  of  a  room  is  said  to  be  so  far  contaminateil  by  the  evaporation 

^    (t'w  grains  of  it  as  U>  cause  instantaneous  nujubneas  of  the  hands  and 

Tcrtigo.  and  even  unconsciousness. 

:/y/  Otidr,  .As,(rH,),0,  is  formed  by  the  slow  oxidation  of  ca<Kidyl. 
is  allowed  acwsa  to  an  aqueous  solution  of  alkarsin,  so  slowly 
•cnsible  rise  of  lera]ierjiture  folloyrs,  that  body  is  gradually  con- 
to  a  thick,  syrupy  liquid,  full  of  crystals  of  'jac<Klylic  acid.  On 
ig  this  mass  in  water,  and  distilling,  water  having  the  o<lor  of 
alkarain  passes  over,  and  afterwards  an  oily  liquid,  which  ii  the  oaoodyl 
oxide.     Impure  cac<Klylic  acid  remains  in  the  retort. 

Caoodyl  oxide,  jrariUed  by  rectification  from  caustic  baryta,  is  a  colorless, 
oily  liquid,  having  a  pungent  mlor,  sparingly  soluble  in  water,  soliilifyiug 
»t— aso  c.  (— i:io  F.),  and  boiling  at  1.5CK>  C.  (302^  F.).  It  strongly  re- 
•uubltM  alkarsiu  iu  odor,  in  its  relations  to  solvents,  and  in  tliu  gTva,t«t 
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iinnil>er  of  its  reactions  ;  bnt  it  neitlier  fnmes  in  tbc  air,  uor  tAkfe  lin>  it 
oouinion  t^'uiiwraturt-*  :  its  vapor  mis(<d  with  air,  iui<l  lieatcd  toalMut  'i?  l'.. 
(IBO-Ji^  v.),  cxpl«lc»  with  violc'UOf .  It  dissolves  in  h.vilr<Hlil<iric.  !ivdr..l.i.). 
inie,  anil  liyilritxlic  aciils,  forming  uliluriili-,  hromiJc,  uiul  iiuli.!. 
(Viox/y/  diosUlf,  ASj(Cllj)j<>,,  is  the  thick  »vTupy  liquid  pf'- 
slow  oxidation  of  cjitHKlvl  or  of  alkarsin.  It  ii>  decouiiioiud  h< 
then  yii'ldu  a  diHtiUato  of  cacodyl  monoxide,  with  a  rmidur  of  uacud/i 
acid : 

2A8,(Cnj),0,    +    H,0    =    As,(CH,),0    +    2As(CHj),0(0U). 

Caeodylic  or  Dhiiethi/l-ar»e«ic  Acid,  u'r-^As^  ,„  i  •••o  called  AH 

— This  is  the  ultitnatK  product  of  the  artion  of  oxygen  at  a  low  tfrnp 
ture  u|)on  eaon.l.vl  or  alkamin  iu  presmice  of  water  :   it  is  b<-8t  prep  itril  I 
abiding  mercuric  oxide  to  alkar«in,  ixtvered  with  a  layer  of  water  and  i 
flcially  eoolinl,  antil  the  mixture  loses  nil  odor,  and  afterwards  de 
ing  any  mercuriu  oacodylat«  that  may  have  liuen  fomii>d,  hy  the  rauL 
addition  of  more  alkarsin.    The  liquid  yields,  by  eva[Kiratinu  todryn(«<a 
solution  in  alcohol,  cryataU  of  ejicmiylic  acid.     The  sulphide  and  otk 
oompounds  of  ciohIvI  yield  the  same  sulintance  on  ex)Mi3ure  to  air.     C'J 
dyli(^  acid  forms  hrilli-'int,  colorless,  briltle  crystals,  which  have  the  I 
of  a  modilJe<l  square  prism  :    it  is  {MTmunent  iu  dry  air,  but  delique 
in  a  moist  atmospliere.     It  is  not  at  all  |Hiii<onous,  though  it  contains  i 
than  f»0  per  cent,  of  arsenic.     It  is  very  soluble  in  water  and   in  alooli 
but  not  iu  ether :    the  solution  has  an  acid  reaction.     When  mix<-d  i 
alkalies  ami  evaporatc<l,  it  leaves  a  gummy  amor]>hou8  tuass.     With 
oxides  of  silver  and  mercury,  on  the  other  hand,  it  yields  erysLalhuU 
compounds.     It  unites  with  cacodyl  oxide,  and  forms  a  variety  of  i 
nations  with  tuetallic  salts.     C'aco<lylic   acid  is  exeee<lingly  stable] 
not  affected  by  red  fuming  nitrio  acid,  nitroniuriatic  acid,  or  evejK 
acid  in  solution  :   it  m.iy  be  boiltvi  with  these  sulistances  without 
change.     It   is  deoxidized,    however,  by  phosphorous   acid  and  staoo 
oliloride,  yielding  cacodyl  oxide.     Dry  hydriodic  acid  gas  deonnpcM*  I 
with  production  of  water,  cacoilyl  iodide,  and  free  iodine.     With  <lry  lijj 
drochloric  acid  gas,  or  with  the  eonoentratiil  aqueous  acid,  caoiKlylic  i 
unities  directly,  forming  the  conifiound  As(Cil,),<>]ll.il(°l.     But  by  rt 
ing  caeodylic  acid  for  a  long   time  to  a  stream  of  byilroehloriv  acid  i 
arsen-monom ethyl  dicloride  is  obtained,  together  witU  waterl 
methyl  chloride  : 

As(CH,),l),ll    H-    3Iia    =    As(CH,)n,    4-    211,0    4-    CH,a. 

Phosphorus  pentachlorlde  converts  caeodylic  acid,  into  caeodylic  triihio 
(p.  653). 

Cacodyl  Sulphide,  AB,(f  n,),S,  is  formed  by  adding  barium  suljihid*  ( 
crude  cacodyl,  or  by  distilliii);  barium  sulidiydrnte  with  cacodyl  rhlorid^ 
It  is  a  trjinsparent  li<|uid  wliich  retains  its  fluidity  at  — HO,  and  boils  i 
a  ti-inperalure  (vinsidernbly  al>ove  lIHO  C, 

Cacdli/I  disul/ihidr,  ASj(('H,),S,,  is  fonned  by  the  action  of  sniphnr  i 
cacodyl  or  the  monosulpliide,  or  by  treating  caiwdylio  acid  with  snlphi* 
etted  hydrogen  in  a  vessel  externally  oooled.  It  separates  from  the  «ii!t 
tlon  in  large  rhombic  crystals.  I|j»  alcoholic  solution  yieUls  with  v»ri'>oi 
metallic  solutions,  precipitates  consisting  of  salts  of  thiocacodylH 
acid,  As(€llj)^(£*ll),  analogons  to  eaoodylio  acid.  The  lead  «Hi 
As,(CH,),S,Pb,  forms  small  white  crystals. 

ArsenmODomethyl,  As(CH,). — ^This  radicle,  which  is  not   kiiown  l»| 
V  srpanite   .itate,   is  eiHu-r    bivalent   or   quadrivalent.      Its  i/«n*/ft"<^j 


ANTIMONY-BASES. 


'<'!  ,  U  proilucdl  citliiT  )>y  the  doooinposition  of  rnccxivl  trichloride 

\  '(CUj)Xl,  =■  A»(fH,")L*l^  -|-  CHjCI ;  or  liy  Ihi-  |iriilongo<l  aclion 

I'TJc  nriil  <iu   rnooil.vlio  .Hi^id.     It   ie  a  coliirlwi),  lieavv  nioliile 

IniU,  Uaviug  •  stroiig  rcfiuoiiii;  powor  ;    it  Ixiils  al  l:i3- (.'.  (:i71.40  K.). 

va{Mir  exvrU  a  iu>wt  violent  uctiou  on   the  miicoUH  iiieiiilirniu-s  ;    on 

riling  il,  the  i-ves,  uosie,  nn<l  whulr  face  swell  up,  ajid  a  ptLuliar  lanci- 

ting   pain   in   fell,   extending   down    to    the    throat.      The    Irlraclilnri'lf, 

(Cll,)Cl,,  is  obtained  in  Inrt^e  erystalB  liy  pawsiug  thloriiie  over  a  niix- 

•  of  the  dieliluriile  and  carliou   Iji.suljihide  cooli-d  to  — lOO  C.  (IJO  f.). 

unslalile,  d<M:uui]Mising  even  near  (l^  into  methyl  chloride  and 

cliloride,  AsClj.     Theru  is  also  a  eUloro bromide,  A8(CU,)C'lBr, 

^ai-iodide,  As(CU,)I,. 

It«i  nrult,  As(Cllj)0,  obtained  by  decoinposinj?  the  diehloride  with  po- 
ium  carl>onat«,  furujs  lar^e  eubiual  erygtalii,  soluble  in  water,  alcohol, 
1  «tker,  and  reiolveil  by  distillation  with  potash  into  arsenious  oxide 
I  cacodyl  .ixide  :  -lAs(tH,)(  I  =  A»,0,  +  A»..,(fHj),<J. 

■otAy'/r  Aciil,  A!i(Cll,)ti(()ll),,  is  obtained  as  a  silver-tialt  by  d»- 
_  arsenmethyl    diebloride  with  a  slight   excess  of  silver-uxidu  ; 
salt,  decomposed  by  sulphuric  acid,  yields   the  acid,  which  re- 
itins  on  evaporation  in  the  form  of  a  laminated  niiiss.      It  is  bibasio. 
\Aftmmtth^t  tatiihidc,  As(CUj)S,  is  obtained  Jis  a  white  mass  by  passing 
en  *nlphide  over  the  diohloride, 

sparing  the  wmbiniug  or  equivalent  values  of  the  several  arsen- 
'  tuetliyl,  it  will  l)e  seen  that  they  all  unite  with  eleiiieiitary  Uidies 
li|Minnd  radicles,  in  such  prujKirtions  as  to  ft*riii  ciiiiipoiinds  in  which 
puio  is  either  trivalenl  or  quinquivalent,  the  lusl-uicutioued  corn- 
being  by  far  the  must  stable.     Thus  : 

hvl,  Ab(C'IIj),  is  bi- and  quadri-vatent,  forming  the  chlo- 
..'nd  As(Cll,)t;i,. 
,.,,^,  As(tJIl,),,  is  uui-  and  tri-valent,  forming  the  chlorides 
_),Cl  and  As(Cll,),Ll,. 
itrimethyl,  As(Cllj),,   is  bivalent  only,  and   forms    the  chloride 

(CH,),«;ir 

IrMutriuiethylium,  or  Tetramethylarsoniiuu,  As(CU,)|,  is   univalent, 
ag  lite  tiUluridu  As(CU,),Cl. 


ASTtHOKT-BASES  OB  STIBIXEfl. 

lOf  these  only  the  tertiary  bases  and  the  corresponding  stibonium-oom- 
tada  arc  knfiwn. 

[Trlethylatlblne  or  Stibethyl,  Pbfr.H.),,  is  obtained  by  dis- 
TliUk:  itliyl  iuilide  with  an  alluy  of  antimony  and  potfuisium.  It  is  a 
.  very  mobile  liquid,  having  a  peuetnitiu};  odor  of  onions.  It 
'^C  (13().4^  K.).  In  contact  witti  atuiospbiric  air,  it  emits 
-  i.ilo  furae,  anil  frequently  even  taki-s  fire,  burning  with  a  white 
lilltaiit  tlame.  It  is  analogous  in  many  of  its  reactions  to  trietbylamine, 
|t  bas  much  more  powerful  combining  tendencies,  uniting  readily  with 
I  uf  chlorine,  bromine,  or  iodine,  and  1  atom  of  oxygen  or  sulphur, 
Brvt>y  forming  LvimjHiunda  in  which  the  antimony  is  quinquivalent, 
eU  as  Sb(f,Hj),("l,,  Sb((',Hj),0,  etc.  The  same  temlency  to  act  as  •  i 
I'Tslrnt  radicle  is,  however,  exhibitiol  by  trietbylamine,  which,  thougtii 
1  uiit  unite  ilirectly  with  elementary  bodiis,  can  nevertbebais  take  UI 
Biile  o(  hydro^-en  chloriile,  ethyl  iodide,  etc.,  likewise  produoiz 
ItUs  iu  which  the  nitrogen  is  <{uinquivalent,  r.  >/., 

NCC.H^.IK-I,     N(fgll4;,(r,llj)l,  etc. 
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naniber  of  its  reactions  ;  bat  it  neither  fiimes  iu  tlio  nW,  ikt  t^k'^  fSr^  it 
ccnnmiMi  t<^inperaturcs  :  itsrnporuiixed  witli  air.un'l  ' 
(19(.l.4'3  K.),  i-xjiloili* witli  violt'iicf.   It  di»snl»<'«  iii  i^ 
laio,  and  livdiiinlu-  ai'idii,  formiii):  ehluriUu,  lii'  : 

Cacodj/I  tlivxidr,  .\»,(C\l,'),Oj,  is  tlif  thick  s,i 
slow  oxidation  of  cfti'o<i,vl  or  of  alknrsin.     It  i»  'i--.- 
tlien  yields  n  distillate  of  cooudyl  monoxide,  with 
avid: 

2As,(CH»),0,    +    H,0    a:    A8,(Cnj,0    + 


-   -'1  ■ 

a  tcaidun  vt  rsAaljl* 
2As(CI]^,0(0U). 


Caeodylle  or  Dimethyl-arifnie  Arid,  i|  (0*'-^*\niT  '  *'"**  **U*^ 

— This  is  tho  iiItiniAtt*  jiroduot  of  tli«  Motion  of  ojygi-n  -•       '    • 
turo  upon  cat'oilyl  nralknrsin  in  prfSfiioe  of  w»lef  :   il  i^ 

adding  luvrunriuoxidt-  to  alkarsin,  coviTiwl  with  «  layi-r  i  !    

Ucinlly  uHilud,  unlil  the  niixtiirK  Uwcs  all  odor,  and  afl'Twanin  dn 
injj  siiy  nuTonrii'  raco<iylate  that  umv  havn  Iwt-n  foriunl,  liy  tVir 
addition  of  more  nlkaraln.    The  liiiiiid  yi<?lils,  hy  i>vn|M>ral  < 
solution  in  ftIix>liol,  crystals  of  riKHHlyli''  arid,     Tlio  mi 
ciaiu|)Olincls  of  canMlyl  yii-M  tli' 
dylic  a<'iil  forms  l>rillinnt,  <.vjh" 

of  a  modiII<-<l  square  prism  :    it  i-.   ("imihimmi    m  ..i  i   ..i>.  i.m    i.  i 
in  a  moist  atinosjihi-rc.     It  is  not  at  all  |>oii!niu>us,  thongh  it  fontoin*  •■ 
than  60  per  wnl.  of  arsi'iiie,      Il  is  vnry  soluhhi  in  water    ;ii.  1    in 
hut  not  in  ether :   the  solution  has  an  aeid  r<>a('tlo».     V 
alkalies  and  evn^iornteil,  it  leaves  a  gummy  amorphoaa 
oxides  of  silver  and  inenniry,  on   the  other  hand,  it  yi> 
compounds.     It  nniti>s  with  cacodyl  oxide,  ainl  forwii  n 
nations  with  metallic  salts.     Cae<Mlylic  aeid  I- 
not  affected  liy  reil  ruining'  nitric  .icid,  nitronn 
acid  in  solution  :   it  nitiy  Ih<  Niih"!  with  tli 
change.     It   is   deoxidiiod,    however,  b> 

chloride,  yieliliut;  eaco<lyl  oxide.      L'ry  li;  , 

with  proiluotion  of  water,  <i«fio<lyl  iiKlide,  and  tree  io<line.      V%  ith 
droehlorie  acid  gas,  nr  with  the  eoneeiilrati-<l  a(|Ui<ous  tu-'nl,  oseraij 
unites  direotly,  forniini;  the  compound  As(CII,),<),ll.ll('l.      Ital 
inj;  cAMMlylio   acid  for  a  loni;   tinio   to  a  stream  of  hyilMivhlurtu 
ravn-innnniuelhy I  didoride  is  obtalutd,  together  with 
byl  chloride  : 

As(cii,),t),H   H-  3fin   =  i4s(cn,)n,  +  2n,o  +   cuja. 

Ph(wi>horug  |H:ntnohlorlde  converts  cacodylic  aci<l  Into  cacodylic  lrt<t 
(p.  65S). 

Camljil  S<Ji<AiiU,  AnJC\\,)fi,  ]a  fonm-d  by  a'idInK  barfiiiri   mtith 
crude  rJi«i"lyl,  or  by  distilling;  barlnni  solphyilrute  with  li| 

It  is  n  trniiHpsr^'tit  li'|uid  wlii.h   r»4nlnM  it«  duidlty  at  — . 
a  t<  n  I  iiiiCf. 

'  -   formed  by  the  action  of  sulpkar^ 

ISAi'  '  ■'      •'■■  ■   '■■'■•  -■■>■'■■ 

ctl. 

tloii  ... 
uietallto 

acid .      •  .  .  '' 

i  A%(Cn^,i>,i'l>,  lurms  kuiali  Mhil«  crjtUl-. 


til' 


thyl,  .\*fi~ll.). — ^ThU  r.vli.le,  w).i.  h   h  iii.<   tr 
J^nol'Ut   or   •|UiidriTal--llt.       lt« 
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is  produced  (hither  by  the  decomposition  of  caoodyl  trichloride 
lii((.'Hj),CI,  ^  As(CH,)fl^  -J-  CH/'I ;  or  by  tlio  prolonged  action 

clilori)'  ni'id   on   ■■iKKulvliv  nriil.     Il    is  a  colorlHiis,  lieavy  mobile 

»»lng  a  strong  niluciiii;  powiT  ;    it  l«)ilB  at  133>^  I'.  ('Ml.-i^  V.). 
eit-rt*  a  iimst  violi^ni   actiiiu  on   the  mu(M>ii«  mi-iuhranus  ;    on 
tUe  Kvi-s,  nuse,  and  wluili'  t'liu-  .swt^ll  up,  and  a  |a-culiar  lanci- 

tin   is   li-ll,    extending   dovn    to   tlie    throat.      The    lelraelihriiif, 
1^,  id  obtained  in  largo  crystals  by  poHsiug  chlorint*  ovitr  a  uiix- 

ie  diohluride  and  carbon  bi.siiliihiile  cioolcd  to  — l<iO  C.  (H^^  K.). 
|V  unBlabb<,  decomposing  uvt-n  ne^r  0-^  into  methyl  chloride  and 
li  chliirido,  AsC'l,.  There  is  also  a  chlorobrumide,  Ai)(CU,)ClBr, 
|.io.lJde,  A»(CHj)I,. 

titit,  As(CH3)0,  obtained  by  decomjiosing  the  diehlorido  with  po- 
tevrlxtnate,  forms  large  cubical  cryslaU,  solulile  in  water,  alcohol, 
tr,  and  n-sulvi-d  bv  distillaliuu  with  potash  into  arsenious  oxide 
(dyl  oxide  :  4As(t;H,)0  =  As,0,  +  As.^(fH3),t>. 
j^Ay/lr  Acul,  A»(Cll,)U(Oli)„  is  obtained  as  a  silver-salt  liy  de- 
ESreeumethyl  dicliloridu  with  a  slight  excess  of  silver-oxide  ; 
Hut,  dei<oiu|>os(yl  by  sulphuric  acid,  yiehU  the  acid,  which  re- 
Ivvaporation  in  the  form  of  a  laiiiiuated  muss.  It  is  bibasic. 
tuethifl  titljililde,  As(ClJ,)ti,  is  obtained  us  a  white  mass  by  passing 
ft  sulphide  over  the  dichloride. 

toparing  the  combining  or  equivalent  values  of  the  several  arsea- 
Dethyl,  it  will  be  seen  that  they  all  unite  with  elt-iueiitary  boilius 
(pound  r.'ulicles,  in  such  pro|>ortions  as  to  fonucoiupouuds  in  which 

fie  is  either  Irivalent  or  quinquivalent,  the  last-iuuutioued  com- 
aing  by  far  the  must  stable.     Thus  : 

Bu>nomethyl,  As(l'tl,),  is  bi-  and  quaUri-valeut,  forming  the  chlo- 

l<n,)Cl,  and  Aa(Cll,)C;lj. 

Aimeihyl,  Ah(CU,),,  is  uiii-  and  tri-valeut,  foriuisg  the  chlorides 

LCI  and  A»(CH,),C1,. 

Irimethyt,   As(CU,)„   ia  bivalent  only,  and   forms   the  chloride 

Eivlium,  or  Telrauietbylarsonium,  As(CU^t,  is  univalent, 
loridu  A3(CU^«C1. 
f  the  tertiary  bases  and  the  corresponding  stibonium-oom- 
^e  kn^wu. 

jthylstiblne  or  Stlbettayl,  SbfC^nj),,  is  obi,-iine<l  by  di»- 
^lyl  iodide  with  an  alloy  of  antimony  and  potiissiuin.  It  is  a 
fiMit,  very  mol)ile  liquid,  having  a  jienetrating  odor  of  onions.  It 
J.'ihO  (J.  (136.4t  K.).  In  contact  with  atmospheric  air,  it  emits 
wbita  fume,  and  frequently  even  takes  fire,  burning  with  a  white 
Hawe.     It  is  analogous  in  many  of  its  reactions  to  triethylainine, 

Siuch  more  powerful  combining  tendencies,  uniting  readily  with 
f  chlorine,  bromine,  or  iodine,  and  I  atom  of  oxygen  or  sul|ihur, 
I  forming  eonijxmnds  in  which  the  antimony  is  ijuinquivalent, 
Sb(C,Hj),ri,,  Sb((',lij)jO,  etc.  The  same  tendency  to  act  as  a 
[-ra<liclo  is,  however,  exhibit^vl  by  triethylamine,  wlii<'h,  though 
|Dt  unite  directly  with  elementary  Ixxlies,  can  nevertheless  take  up 
||le  of  hydrogen  chloride,  ethyl  iodide,  etc.,  likewise  producing 
I  in  which  the  nitrogen  is  <|uinquivnlent,  e.g., 

N(C,n,)JICI,     N(C,IIj),(C,Il,)I,  etc. 


AariHOXT-BASCS  OR  STIBINES, 
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Stibtthifl  oxidt,  Sb(C,{Ij),0,  formg  a  viscid,  transpiirent,  bitter,  n«s- 
poi80UMii8  mass,  a»liililt>  in  wnlvr  und  ntonhol  ;  nut  volalilv  Killanul  <!•- 
oiiinposition.  Tri'tttol  willi  acids,  it  fiiMuii  crvst;illiz»l>l«  xaltrt  rmiitjiriiiny 
2  ■uoli-ciilMi  of  a  mitnatnniic  or  1  mnli'ciilo  of  a  diatomic  i 
SI.(C,Hj),(NOj),,  Sb(fjllj),SUj,  etc.  The  »u//^iV/f,  Sl.((  ! 
tiful  crystals  uf  silvery  lustre,  solul>le  in  water  and  alioii.n.  i  n.u  i;^i/ 
ia  bitter,  an>l  their  o<l<ir  siiuilar  to  that  of  meruaptaii.  Th«>  suliitiori  "I 
this  compound  exhibita  the  deportment  of  au  alkaline  8ul]itiide:  it  (ai- 
cipitates  metals  from  their  sulutioua  as  sulphides,  a  soluble  salt  of  Alilieilnl 
buin);  formed  at  the  same  time.  This  dejiortment,  indeed,  alToriiii  tU» 
Bimpluat  means  of  preparing  the  salts  of  stibetbyl.  The  cUoridit 
Sb(C'-,Hj)jClj,  is  a  colorless  liquid,  having  the  odor  of  turpcntinu  oil.  Th» 
iodide,  SI>(t'.,Hj),I„  forms  colorless  ueixllea  of  intensely  bitter  Uuto. 

The  analo);y  of  triethylstibiue  to  triethrlamine  is  U-st  exhibit«<)  in  in 
deportment  with  ethyl  io<ii<le.  The  two  substuuci-s  combine,  forraiiit 
tet  ret  by  1  =  ti  bon  i  u  in  iodide,  SbCCHj),!,  from  whieb  silver  oxiJ« 
separates  a  {Miwurful  alkaline  base  analogous  to  tetretbylamuiouium  Ij- 
drozidu : 

N(C,H5),(0H)  Bb(C,H,)40U. 

A  stiries  of  analogous  anbatanoes  eziata  in  the  methyl  acriea.    They  lui< 
been  examined  by  Lundolt,  who  has  deaoribed  several  of  their  uumpoaoJt,' 
and  separated  the  metbyl-antimouy-boae  analogous  to  telramethylauuuo- 
uiiim  hydrate. 

The  indidit,  .Sb(fHj),I,  products!  by  the  action  of  methyl  iodide  opol 
trimethylstibine,  Sb(C.'H,)„  crystallizes  in  white  six-sided  tables,  wbilC 
are  easily  soluble  in  water  and  alcohol,  and  slightly  soluble  in  ether, 
has  a  very  bitter  taste,  ajid  is  decom|)osed  by  the  action  of  heat.  Wb4 
treate<l  with  silver  oxide,  it  yields  a  powerfully  alkaline  solution,  exhibd 
ing  all  the  properties  of  potash,  from  which,  on  evajMiration,  a  whil4,-  erynU 
line  mas.t,  the /i^/raxi(/r  nf  lelramilhiihliboninm,  S|i(CH,),(l)H),  crystalb<i 
This  coinpuuud  forms  an  avid  sulphatti,  Sb(L'Uj),S(_),li,  which  orystj  " 
in  tablcii. 

Blsinethyl  or  TriethylblBmnthlne,   Bi(C,n^„  ana 
in  o<»mpo»itiou  to  triethylstiliine  and  trieiliylarsiue,  is  formed  bytbea«li< 
of  ethyl   iodide  on  an  alloy  of  bismuth  and  potassium,  and  U  exlrar-t 
from  the  reaidue  by  ether.     It  is  a  yellow  liquid  of  specific  gravity  1.1" 
haa  a  must  uauaeous  odor,  and  emits  vapors  which  take  fire  in  contact  i 
the  air.     It  unites  with  oxygen,  uhloriue,  bromine,  iodine,  and  uitrio  I 


DIATOMIC  BABB8  OP  TBE  rROSPHORrS  kSD  AB8EXIC 

Tlie  action  of  ptbene  bromide  on  triethylpbnspbine  gives  rise  to  the  I 
matiou  of  two  irystalline  bromides.  acwirdinR  to  tWe  proi>ortions  in  vhii 
the  sulwlanci-s  are  brought  in  contact.  These  bromides  are  f',n|,I'Br,« 
(C,",).iP  +  r,H,Br,  and  r„llyI>,Br,=  2(r,H,),P  +  C,H,Hr,.  The  llr.!  o 
these  compounds  is  the  bromide  of  a  phosphonium  in  which  3  »tnm»rf 
hydrogen  are  replaced  by  ctbvl  and  1  atom  by  the  univalent  ra<licle  br* 
methyl,  r.n.nr.  namely,'  r(C,'U,Br)(r.,Hj),PlBr.  Half  the  bromine  in  tUil 
Bait  is  unaffected  by  the  action  of  silver-salts  :  it  may  aceordint'lv  b»  d»if- 
nated  nA  hnnnidf  nf  bn»nflhifi~tru'thtf}-phn»phonium.  Num»«rous  -  "-  ''3 
compound    are  known,  but  the  free  b:i!ie  cannot  he  obtaini><l  r 

oxide  eliminnti's  the  lalent  bronitue,  (living  rise  to  (be  format! -<• 

ooataining  [<',H,(i)(C5H,),t*]0H.    The  second  compound  is  the  dibromid* 


i 
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Kphotphmium  [(C5H,)(C,H,),P,]Br,.     Thja  radiHe,  nnalo- 
U>  diainmoninm,  N.H,,  fonus  h  st-rira  of  very  stable  and  benutiful 
catfK-L-iJtU/  au  iudiilit,  Kliidi   is  (litHctillly  aoluble  in  water.     In  all 
ita  tilt)  hnav,  wliivb   is  uuiupogwl  uf  1  atom  of  t<tli«ne,  6  atoms  of 
f  and  2  aUtxan  of  pbospliurus,  ix  uiiittMl  witli  'Z  i>qiiivali'iits  of  uuiva- 
bt   acid    ra<licle ;    the  ijliitimim-salt   coiitttiiis  ((■,H,)(C,H5),P,Br,i'tCl,. 
Tho  wry  caustic  and  gtablu  base  baa  tbe  cuuijiusiliuu  [(CjUJCCjUj),?,] 

Tbr  di  bromide  of  etbeiKvliuxothyl-diphosplionium  may  bu  formed  by  the 
Bon  of  triftbylphuspUine  upon  the  bromiiiatcHl  bromide  wbicb  has  been 
Bitioniil  as  th«  first  product  of  the  action  of  etheiiu  dibromidn  ui>on  tri- 
kyliihispbint* :  C,H„l»Br,.(C,H,)jl' =  C„Hj,r,Br,.  If  the  tri.>tbylphos- 
iav  be  replaced  iu  this  process  by  ammonia  or  by  monamines  in  general, 
'  by  tnunarsines,  an  almost  unliiniteil  series  of  dintomic  salts  may  be 
Bed,  in  wbicb  phoiiphorus  and  nitrogen  or  phosphorus  and  arsenic  are 
riat^l. 

the  action  of  ammonia,  of  ethylamine,  and  triethylarsiue,  give* 
ctively  to  the  following  oom|K>uuds : 


I 


Dibromide  of  Kthene-triethyl-  V  t(C,Uj(C,H,),H,PN]Br,. 

pbiwphaiuniiinium    ...    J  l\   i    »/v   i    s/s    »       j      i" 

Dibrouiiileof  Ktheue-totrethyl-  j  r/n  it  \/i"  ir  \  u  nvm. 

phoKpbammonium    .     .     .    f  [(C.'^X*  ."»).H.I'N]Br,. 

iJib.^oiuideof  Ethene-hexethyl- )       r /n.a  \/r^  ti  \  n  i    ii> 
pUaepharaoniam       .     .     .    }      [(OiHi)«-.H»).PA8]Br,. 

tted  with  silver  oxide  those  bromides  yield  the  very  caustic  diaton 

nydrojtide  of  Ethene-trietliyl-  )      ,,„  r,  \fr  »  \  fj  PWi/dn\ 
pbo.phammoui.un     .     .     .    f      [(f^»H.)(C»Hs),H,PN]{OH),. 

U,v>lrMxideof  Ethene-tetrothyl-  |  ,„,  .,  .,,,  ..  .  „  p^,,,.,,. 

j.h.^phammonium      .     .     .    /  U"-'»"in^'i»sJ.H2' -^  Jt'-*"  Ji- 

Hydroxideof  Klbeno-hexethyl- 1  ..„  „     -,,  ,.     p.^i/oji-, 

pUospUarsonium  .     .     .     .    f  K^i"iALjllsJ«l  AsjtUil),. 

arsenic  bases,  when  subniittwl  to.tlii>  action  of  etliene  dibrnmide, 
'iae  to  perfectly  analogous  results.     The  liuiits  uf  this  Manual  will 
t  permit  as  to  examine  these  uompoouds  iu  detail. 


OHO.'iNO-BORON  COMPOUNDS. 

Borio  Triathlde,  nrBorethyl,  B(C,n,)„di8onveredhyFrank- 
kl,  is  oUainnl,  together  with  sinc-ethuxide,  by  treating  tricthylio  borate 
"^  liiio-elhida<  :— 

B(OC,no,    +    3Zn(CjHs),    =    3Zii(0C,H,),    +     B(C,H,),. 

is  a  colorless,  mobib-  li(iuid,  having  a  ptiDRont  odor,  irritating  the 
«f  «p.  gT.  O.C06  at  2:<0<\  (73.40  F.),  and  iK.ilinp  at  9:iO  (-.(20:50  K.). 
rtbr'  >»  insolublK  in  water,  but  vi'ry  slowly  d.^omposwl  when  left  in 
lonpwJ  contact  with  it.  When  exi)oi»e<l  to  theiiir  it  takes  tire,  burning 
■>  •  »K<antiful  ffreen  and  somewhat  smnkv  llamc.  It  combines  with  am- 
lia.  fonuine  the  compound  NIT,.B(C,H.,),.  By  the  gradual  action  of 
air,  anrl    ultimately  of  dry  oxygen,  boretbyl  is  couvertwlinlo  the  di- 

rlio  ether  of  ethylbon«  aci<l,  (<i"i)B<oc'u'  •  "  ''I"'**  Wling,  *"!» 
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partial  dooompositian,  between  9&0  and  IISO  C  (2030  and  239^  F.), 
dUtilling  unuhiuiged  under  reduued  pressuru.     In  ixjutact  with  watrrl 
liquid  ii  immediately  transformed  into  ethyllorio  avid,  (C,Hj)B((JU),. 
Uiliarie  Elhoitrntelhuxidt*(UT  Elliop«ufetb.vlati>j.U,(l.',Hj)((X', 
is  furmtHl   hy  heating  2  molecules  of  boriu  etber  with  1  molecule  of  i 
etiiide : — 

2B(0C.Hj),  +  Zn(CA),  =  Zn<Cl\  +  B,(C,H^(OC,H,), . 

It  is  a  colorl(;ss,  mobile  liquid,  boiling  at  about  1:200  c.  (2iH0  F.),  I 
condensing  uucbangod.     Its  vnpor-denaity,  taken  between  114>^  and  13 
C.  (237.2-'  ftud  24S''  K.),  is  09  (H  =l>,wUiL-h  represents  a  four-vuluniM  t 
densation,  indicating  that  the  compound,  in  parsing  from  the  liquid  t<i 
gaseous  state,  is  broken  up  into  diuthylic  ethylborate  and  burio  ether  :- 

B,(C,H5)(0C,H.),    =     (C,Hj)B(OC,H,),    «.     B(OC,HJ, , 

jnat  as  sal-anunoniac,  NH,C1,  is  resolved  by  heat  into  NU,  and  HCl,  vb 
togetlier  occupy  four  volumes  of  vapor  (p.  '£M).     A  similar  deportuieati 
oxhil'ltiMl   by  umiui>ni'>lioric  uiethide.  Nil,. B(C'1I,)„  which   is  resulvnl  I 
heat  iul'i  NUj  and  B(i;U,)],  the  mixed  vapor  resulting  from  the  decon 
sitiuii    having  also  a  four-volume   condensation.      These   results  render  I 
proliuble    that   the  oompiiunds  under   consideration   have   a  c^nsliluU 
analogous  to  that  of  the  ammonium  salts,  and  that  lioron,  though  gel 
rally  triadiv,  may,  like  nitrogen,  enter  into  combination  also  as  a  peoU 
On  this  view  the  constitution  of  ammonioboric  methide  and  diboric  • 
pentulliozide  may  bo  represented  by  the  following  formube  : — 


II 

n(fir,), 

Ammoai(»tH>rlO 
uiethtde. 


(C,U»)B(OC,H.), 

II 

B(OC,Hi), 
Diborii: 
Elhopeatellioxide. 


In  contact  with  water,  diboric  ethopentethoxide  is  immediately  decamp 
into  boric  acid,  ethyl-boric  acid,  and  alcohol : — 

B,(C,lIj)(OC,H,)j  -f  5H,0  =  B(OH),  +  (C,Ht)B(OH),  +  5C,Ht(0B).  j 

Boric  Diet hyleth oxide,  (C,n5),B(0C,IIj),  is  produced  bjr  I 
boric  ether  with  2  molecules  of  zinc  ethido  :— 

B(OC,H,),    +     2Zn(C,Hj).     =    :Jiin<^{^!J{j^    +      (C,H.),B(OC.B.). 

When  purified  by  distillation  in  an  atmosphere  of  carbon  dioxide,  it  i« 
a  colorless,  mobile  pungent  liquid  boiling  at  102^  C.  (215.CO  F.),  uxl 
having  at  135.50  C.  (275. 9°  k.)  a  vapor-density  of  .Ifi.B  (II  =  I),  imli- 
caling  a  nortnal  two-volume  romlensntion.  It  lakes  fire  in  Hie  air,  ii"l 
burns  with  a  green  Harne.  Kxposivl  to  drv  air  and  then  to  oxygen,  iloxi-j 
diies  U)  boric  ethyloiliethoxidu,  (C,H^)B(6(MIj),. 

Boric  Diell,,)l),ydri.xide,  (C,nj).B{nH),  formed  hv  ajritatine  torif 
di«thyl-«?thoxide  with  wa»<'r,  is  a  siMihtaneously  inllnmmnble  ellierril 
liquid,  resembling  iKiric  ethlde,  and  decomrx'sing  when  distilled. 

Boric   Ethijl-hgdroifthnildt,  (r,n5)B<J][j'"»  .  is  fonnwlhyrt- 

posing  the  last  compound  in  a  cooled  vessel  to  a  slow  current  of  drt  ilr. 
U  is  liquid  at  ordinary  temperatures,  but  solidifies  below  8°  C.  (46.'!'^  I'4j 

•  Thl«  and  the  following  cnmpnnnds  h^ve  quite  recent  It  been  dlMorcrrd  ^f 
FraokUnd  (Proo.  Key.  Soe.  1870,  vol.  xxv.  |>.  166). 
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to  •  white  crystsllLDP  bodr  bm«lliug  like  borrthide,  and  having  a  puugciit 
latta.   It  id  rmpidljr  deoomputied  by  valvi  into  ethylboriu  ituid  luid  ulcohul : 

(C,Q4JB(0U)(0C.Hj)  4-  H,0  =  (C,lls)B(OU),  +  C.HjOH. 

It  is  ont  «pnntaDeoiuly  intliimTaablD,  and  cannot  bo  dlslilled  under  ordi- 
Bar/  atuiuspherio  prunsaru  without  decoinpobitiun. 

BorloTrlmethlde,  or  Boi-metbyl,  n(Cn,)„  obtained  like  the 
•tt)yl-<.\>iup<iund,  ib  a  i>>lorless  ga-s,  wliiuh  cuwleust'S  to  a  liquid  at  low  tcm- 
JMratiues.    It  uuitud  with  oiumuiiia,  furuiiug  the  compound  11,N~B(CU,),. 


OROANO-SILICON  COMPOUNDS. 

8iU(on  is  a  tetrad  element,  and  fonns  with  alcohol-radicles  cx>m])Ounda 
bMring  a  Terjr  dose  analogy  to  the  hydrocarbons. 

Slliolo-Tetramethide,  .Si(C3,),,  is  prodaced  by  heating  aili- 

eoD  tt'lT;ichluri<le  with  zinc  uielhiile  : — 

6iCl.    -f     2Zn(CU,),    =    2ZnCl,    +     Si(CH,),  . 

it  H  a  mobile  liquid,  which  boils  at  30O  C.  (8<iO  p.)^  ig  not  decomposed  by 
vater,  and  reacts  generally  like  a  hydrocarbon,  viz.,  tetramethyl-methane. 

Silicic   Tetrethide,  S^CjHJ.,  prepared  like   the  mothyl-cora- 
jMUbd,  is  a  liquid  boiliuy  at  153°  C.  (307.40  F.).     With  chlorine  it  yields 

tlu  monochlorinated derivative,  8i  j  ^*^^aK which  boils  at  1880C.(3650  F.) 

■ad  reacts  exactly  like  the  chloride  of  a  hydrocarbon,  being  eonvert<?d  by 

rotuaiDmaoetateinto  the  acetic  ether.  Si  {  K  ?.(?.*„  u  ^.  ,  which   boils   at 

Sll^  C,  (411. 80  P.),  and  ia  decomposed  by  alkalies  into  noetic  acid,  and  an 

alcobol  having  the  composition  Si  i  l.  }.  '/>„  .     This  alcohol  is  a  liquid  in- 

•olal.Ie  in  water,  and  boiling  at  lHOo'c.'  (3740  F.). 

Silieie  trtrethide  and  its  derivatives  may  be  regarded  as  nongl-compoumU 
b  which  1  atom  of  carbon  is  repl.iced  by  silicon  ;  thus  : 

^    8iC,Hj, Silieononane, 

=»    SiC,H„CT    ....    Silioononyl  chloride, 


Si(0,H,), 

gi/(r,HO, 
'*'K,H.C1 

"'  X  f,H,.O.C,H,0 


SiCjH„(O.C,HjO) 

sic,H„(on)  .   . 


acetate, 
alcohol. 


Ethylated    Silicic    Ethora.  —  When    normal    silicic    ether, 

"  .  healed  wilh  /.inc-etliyl  and  sodium,  one  or  .ill  of  the  ethoxyl- 

plaeed  by  etiiyl,  the  product  l>eing  a  mixture  of  mono-,  di-, 

ir.r.ii,vi:ited  siliciV  ethers,  and  silicic  tetrethide,  which  may  be  sepa- 

Wed  by  fr»<-lional  distillation. 

TrinhyUilieic   ether,   (C,nj),Si.(OC:,H0,  or  fHUmlieplt/l-elhi/I  oride, 
•""■iHn.O.CjH,,  U  a  liquid,  of  speoifle  gravity  0.841  at  OO  C.,>»WVtv%  «A. 


ceo 
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1S30  C.  (307.40  P.),  insoluble  in  water.  Treated  with  aoelio  anhrdri 
it  yields  an  acvtio  ether,  convertiblo  by  the  action  of  pota«h  into  triel  li] 
giliuon-hydroxidc,  (C,Hj),.Si((ill),  which  i«  a  tortiary  sili.-ic  alojhd 
analnguus  to  trit-tbyl-carbinol,  aud  ia  li<>iice  called  t  r  iet  by  l-«ilica|j 
It  in  a  oolorlesti,  oily  liijiiiil,  smelling  like  camphor,  lusoloblo  io  wi 
boiling  at  164^  C.  (309.2C  F.). 

Ditthf/ltilicie  ether,  (C,Hj),9i(OC,nj)„  ia  a  fragrant  liquid,  ini<>l»-j 
bl«  In  wntiT,  lx)iling  at  155. 80  C.(3r2.40  F.),  and  havinj;  a  6|ie<.-jfii;  ^kti^ 
of  O.H73  at  (»o  I'.     When  heatwl  with  a«"tyl  chlorido,  it  \-ii.!ii«  lUu  < 
pounda   ((■,Hj)5ai(0C,H,)C'l   and    (C,Uj),5<iCI,.     The    latL-r   is   a   fiiwU 
liquid,  Ixiiliiig   at   14tO  C  (2!>8.40  F.),  and   couTi>rted   by  water  into  it| 
othylBiliuic  oxide  (C,li,)^iU,  analogous  to  diethyl  ketone,  (C,Hj),0 

Monethjl  litieic  ether,  (C,IL)Si(OC,II^,,  is  a  liqoid  smelliog HI 
camphor,  boiling  at  159^  C.  (318.^  F.),  slowly  decompoied  by  w*!*' 
Heated  with  acetyl  ('hK>ride,  it  yields  ethylsilicou  Irichlorldt 
(C,lIj)SiCl,,  a  strongly  fuming  liquid  which  lx)iU  at  lOtl'i,  and  f 
verted  by  water  inui  ethylsilicio  or  silicopropion  ic  aei^T 
SiO.Oll.  Thus  acid  is  a  white  amorphous  powder,  whick  amoulda 
when  heated  in  the  air,  and  dissolves  in  aqueous  potaskand  suds,  I 
silico-propiouates. 


ORGANO-METALLIC  COMPOITNBS. 

The  name  is  espouiftUy  applied  to  oom|inunda  of  ahmhol-radii'Ufl  1 
mi'tals  Mot  iM'Kinging  fothe  pentail  group.  Those  containing  the  nicri'  liu 
uietals,  Huoh  as  zinc,  are  forniwl  by  the  direct  action  of  the  metals,  or  I 
ter,  of  their  sodium  alloys,  on  the  Alvoholic  iodidca  :  e.g.. 


ZnNa,    + 
Zlnoioiliuin. 


?C,H,I 


2MaI    + 


Zn((:,H,), 
Zlno  ethUe. 


Thosa  containing  the  loM  basic  metals  (tin,  lead,  etc.)  are  produced  byt 
action  of  organo-2inc  or  meroury-comjKiunds  on  metallic  chlorides  :  e.J-rl 


SnClj    4-     2Zn(C,Hj)! 


2ZnCl. 


8"(C,H,)4. 


Potassinm  Ethide,  C,HjK,  and   Sodlnm  E  thide,  C,Ht!!, 

are  known  only  in  eombiiialinn  or  mixture  with  «inc  ethide,  m  whinhsWH 
they  are  obtained  by  the  action  of  i>olii»siiim  or  so<lium  on  line  <'llii'l«i 
These  compounds  and  their  lniiiioli><rues.  diRi-overi^l  by  Wanklyn,  h«ll 
played  an  imimrtant  jiart  in  cliemieal  synlhifMs.  They  alisorb  r-»rlwll»| 
dioxide,  producing   salts   of   the   fatty   acids: 


C,U,N»    +     CO, 


=    r,H5.CO,Xa. 
Sodium  propionate. 


By  the  action  of  rar&an  monoxide  they  are  converted  into  ketonet: 
2C,H4N»    +    CO    =    Na,    +     (C,Hi),CO. 

Magnesium  Ethlde,  MkCC.IIj),.— Wlien  ethyl  Iodide  is  b« 
Willi  magnesium  filings  in  a  vessel  froniwhioh  the  sir  is  excluded,  IM| 
slum  ethiodide  is  formed  in  the  first  instance  according  to  the  equatinn: 


Mg    +     r,H,I    =    Mg<^'"»; 


ZINO-£TUIDE. 


CGI 


1  tlkia  oompoiuid,  when  Uuttoil,  i»  resolved  iuto  iudide  and  etUide  : 

neainm  ethidu  \»  a  liquid  which  Uikes  fire  BpuiitaurouBljr  in  the  air, 
'i»  rapidly  dpcoiupoaoU  by  huut,  with  furmatiou  of  i-lhiuie : 

Mg(C,H4),    +     11,0    =     2C,U,     +     WgO. 

tine  Ethida  ur  Zino-ethyl,  Zu(C.jlIj)„  is  furmed  by  heating 
fl  uxiidt;  with  line  in  ii  ni-alud  glu»s  tuhu,  or  lor  larger  quautitics,  in  a 
■  and  well-<:hi»ed  wppi^r  t/lindi-r.  The  reaction  takes  jilnee  in  the 
<  mmnner  as  with  magnesium,  tine  utUiodide,  Zii(L'jIlj>l,  being  formed 
he  first  in»tance  as  a  white  i-ryntafliiie  mass,  which,  when  distilled  in 
atiiuupheru  of  hydrogen,  i«  resolved  into  xinc-iodide  and  zinv-ethide, 
~         •  distilling  over. 

liide  is  a  mobile  and  very  volatile  disagreeable-smelling  liquid, 

Kpeciflc  gravity  of  1.1S2,  and  Iniling  at  118>->  C.  (244.40  y_y     n 

Ire  in»tantlyon  coming  in  contact  with  the  air,  dillusing  white  fumes 

nonxiilo.      Ilarrr  dec<imp<Mes  it  violently,  with  formation  of  liuu  hy- 

ada,  and  evolution  of  ethane  : 

Zn(C,H,),    +    211,0    =    ZnHjO,    +    2C,H,. 

I  gradually  mixed  with  dry  (U'y<;en,  it  passes  througlt  two  stages  of 

"nidation,  yielding  Qrst  li  nc-e  thy  I -ethoxide,  ^"'{oi'fi      <       and 

Inally  li  nc-othox  ide,  Zn(OC,Hj),.     With  I'orfinc  and  other  halogens, 
the  reaction  also  takes  place  by  two  stagM,  but  consists  iu  the  successive 
I  Snimitation  of  the  halogen  for  the  ethyl ;  thus  : 

mk  Zn(C,Hj),     +     I,     =     C.UjI     +     Zn(C,H,)I, 

^^  Zn(r,Hj,)I     +     1,    »    C.Uil     +     Znl,. 

JHno  Methlde,  Zn(CHj),/prepared  in  like  manner.  Is  a  mobile  spoil-?" 

ii*ly  inrlaiuuiable    liquid,  whieli    Ixiils  at  4()0  (.".  (114.bO  K.),  and  re- 
b-a  the  ethyl  uompound  in  ail  its  reactions. 

line  iBoproplde.  ZnCCjH,),,  boils  at  146°  C.  (204.9°  p.).  Zinc  Uo- 
p«nUde,  or  Zino  amyllde,  Zn(CjH„)„  Iwils  at  220O  c.  (428°  >'.).  and 
liioiMi  Kiningly  in  the  air,  but  does  not  lake  lire  spontjineously. 

These  organo-zinc  compounds,  discovered  by  Frankland,  are  very  im- 

jnrtant  reagenU  in  organic  synthesis,  serving  to  effect  the  substitution  of 

Ijxjailive   railicle    ethyl,  etc.,  for  chlorine,  iodine,  and  other  negative 

enls,  and  thus  enabling  us  to  build  up  carlKm-i'ompounds  from  others 

r  in  tile  scale.    With  cartun  oxtfclUoriiU  (phosgene)  they  form  ketones  : 

CO(rH,)j ; 
Acctoue. 


WSb\ 


COCl,    4-     Zn(CH,),    =^    ZnCl, 

*l»o  with  the  cUoHda  of  aad  radiclet  at  ordinary  temperatures :  r.  g. 
Zn(C,H,),    =    ZnCl,    +    2ro<^'J» 


S6 


2(CH,.C0C1)     + 

Matbyl-ethyrkelone. 

alito  serre,  as  already  mentioned,  fcr  the  preparation  of   other 
letallio  bodies  :  r..  g., 

Zn(r.HO,  +  HgH,  =  ZnH,  + 
2Zn(r,n,),  +  Sni;i,  =  2XnC.\,  -f 
3Zn(f,Uj),    -f     2.48(1,      »    SZnfl,     4"     2A8(C,Hj')j. 


Sn(C,il,), 


C60 

153=- C 
.It  vi..|.> 


ASf 


Mr»T 


„aotr 


:^>-''"^' 


,^^.*.«A'  •*«»    KTIIKIl*. 

^,_  {mr-cmnpouoda,  wilfc  fo. 

I  li  ionic  or  s  u  I  pLi  a  ic  ■« 
I  -cUiiile,  rortnib^'  a  cr<>Uj 
K T  and  t'arliou  dioxiilu,  u  cvDfK 
.    Jiciil,   t',Hj..N,U,U,  tbe  (Uu 
•  ';uy  lundo  out. 


:  .ni<Je.  "^(^i"»)r — This  ijompjinnrl  is  f-.nnnj 
,  •"' clliiili',  liut  It  is  ni   •  pnp 

11  on  oilirl   iodide  ui  ol  j 


rlr'if 


lp  u  »  transparent  i:olorIcs8   liqnld,  \x)iUng  at   15! 
„  Imnngn  sji.  gr.  of  2.44.      It  hiirnii  with  a  iiuokr  D 
^  ,  later  i("»n'".*'  "f  nirrcurinl   rnjM.r.     Chloriiti.,  I)rvmiiic,j 
V  m,irf '"'""'' "''^'''■"'  "'^  i'lliyl  from   Ibis  c<ini|H>uuil,  and  tAki 

im''"''j^,/„^  Bii'r«uriu  c  li  lorclU  ido,  etc.;  tltim: 

'■"^     nsdVW.  +   CI,  =   c,n,a  +   Uk(c.h»)ci. 

1  .imrti"  •<''"'"  ''  '»<•'■''"'•  Kv  n.lrls. ...  y.,  by  hydrobromi«  »<rid,  Uw 
•"    1...1...  ftlKUK!  »nd  nmiiMiiic  truiui'tliidv  : 


ittO* 


Ivme 


cni.ohlc'"'''''''""  '"^""<"''"''"  '»  c"nvrrl«l  by  wai,.r  Into  ni><rcn(, 
?  V,t,  |1^'(«,!I,M<>").  MiToiiri.t  «tlii.l..-  8.TV.-3  for  lli«  pr..f,ar 
„Vtir»l  otb"'  urgwio-meUllic  Uo.li««. 


Me 
li.iu 
'J' 


np(Cn,),,   jirop.irM   by  similnr    ppxvxv*. 


vrutur 


u-r,  tiuiling 


•III. 


al  U^t.  C::<i:»^  F.),  n,M  L.rU 


MeionHo  I»openHae  or  Amyllda.  ng(r,R„),  ia  a  U»i<k  liquU,! 
5pcOiilo  jrai^iV  ^•'»''»  doooiuposed  by  dmUllaliuii, 


Mercurio  AUyUodlde,  nR<^»"»  .  prrvluiml  i 


•  i !  V  I 


villi  ii.i'ivdry,  cr.\s1«llu<'i  frum  aIl-oIioI  in  Hilmry  1  .r.i^^  ii  iJ 

r.  (S'li^  ¥,).    Wilk  hydrugi-D  io<tidv,  It  yield*  mntcuiio  luOid*  tH  d| 


I" 


,1 


ng»-,nji   +    UI 


■I' 

II 

T! 

II' 

<f 

«lll.-... 

mr  III* 


,(n">  Methlde.  AI(Cn,i 

ml  <Kllin){,  i»  Iim 

itioImIii  lii)Uiil,  » 

-  I'.).      At  ^u.l  »l-, 
i  with  that  iif  Air,  i 


.   ..r  Al  mMI   1        T*.!. 


OCr 
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—atureti  couktdvrftbly  above  its  boiling  point,  a  density  nearly  equal 
required  by  tb«  formula  AI(C',Uj)„  fur  a  two-Tolume  ouudtniMi- 

Compounda. — Tin  forms  two  ethyl-eomponnds,  8n(C,llj), 
,llj),,  dualiigiius  to  Ktaimous  and   stannic  i'lilorid*>  ;  also  a  etnn- 
^_jic  ftliKlu,  Sii,(C'jIlj),,  ftii.ilogous  in  constitution  to  flhani',  (.Ml,. 
BtUi(l«  is  a  satiiriitfil  oumpfiuuil,  but  the  other  two  are  nnsaturalcd 
i(>al)le  of  uniting  with  chlorine,  bruminu,  oxygen,  and  acid  radi- 
buiufi  thereby  uuuverted  iiitu  oum(>oands  of  the  stanniu  type. 

WIS  Ethics,  8n(C,Hj).. — ^When  ethyl  iodide  and  tinfoil  are  heat<>d 
in  a  sealed  glass  tu'tw  to  about  Ifilio  or  18tP  C.  (3<i2-350O  ¥.), 
»dcthide,Sn(r,Hj),I„  is  prodnied,  crystallizing  in  colorless  needles, 
eompouud  is  olnnined  when  tin  and  ethyl  iodide  are  exfKised  to 
of  the  nun  concentrated  by  a  concave  mirror.  The  reaction  is  con- 
facilitated  if  tlie  tin  Iw  alloyed  with  one-tenth  of  its  weight  of 
This  iodide  is  dcc<)mpo«e<l  by  sodium  or  zinc,  which  alistrnets  the 
leaves  st-annous  ethide  in  the  form  of  a  thick,  oily  liquid, 
in  water,  having  the  sp.  gr.  1.5R8,  and  decomposed  by  distilla- 
nons  ethide  combines  directly  with  2  .itoms  of  chlorine,  iodine, 
ne,  forming  stannic  chlorcthido,  Sn''(f,H5),('l„  etc.  Exposed 
ir,  it  absorbs  oxygen,  and  is  inverted  into  stannic  oxethide, 
j),0,  a  whitish,  tasteless,  inodorous  powder,  which  when  treated 
;ygen  acids,  yields  well -crystallized  stannic  salts,  such  as 
|JnO,).,  Su(C\H,),y(\,  etc. 

HBWrAxsta  Etridb,  Sn,(C,Hs),,  is  always  produced  in  small 
wtinn  stannous  ethide  is  prepared  by  the  methods  above  men- 
It  is  readily  nbtainiHl  in  the  free  statu  by  digesting  an  alloy  of  1 
ixlium  and  5  parts  of  tin  with  ethyl  iodide,  exhausting  the  mass 
sr.  cvajKirating  the  ethereal  solution,  and  exhausting  the  residno 
ihol.  Thestauiu>so-stannie  ethide,  being  insoluble  in  that  liquid, 
lains  behind.  It  is  a  yellow  oil,  lioiling  at  IM'O  C.  (:H5UO  v.), 
ig  directly  with  chlorine,  bromine,  uud  iodine  to  form  two  mole- 
t  stannic  compound  ;  e.  g. : 


8n,(C,».),     -I-     CI, 


Stnnaio  cbloro-trlcthlde. 


oxygen,  forming  distannic  oxy-hexclhide,  Sn'',(C,R,,),0.     This 
however,    l»'St    oblnined     by    distilling    stannic    oxy-diethide, 
'»)/*  (al-ove  d.-scribed),  with  ])Ofash.     It  is  an  oily  liquid,  soluble 
H,  ether,  and  water;    the  aqueous  solution  has  a  strong  alkaline 
asily  act«><l  uiwin   by 
ng  sulphate,  Sn,(C,Ht)(SO„  cto. 

Bn''(rjTT,),,  1b  produced  by  the  action  of  tine  ethide  on 

,lso  by  the  distillation  of  stannous  ethide  ;    2f  mCjllj), 

.  ..(■  ^..   /..     It 'is  a  colorless,   nearly  odorless   liquid,  of  sp.  gr. 

Bing  at  IHIO  r.  (2r)-.80  p.),  and  very  intlammable,  burning  with 

-    '  ■  tliine.     When  treated  with  chlorine,  bromine,  etc.,  or 

If  ,titutiou-i>rndiiet8  :  thus,  with  ioiline,  it  spliU  up 

til'  -innic  lodotrietlildc : 

Sn(C,H,).    +     I,    =    C,HJ     -f     Sn(r,Hj),I. 

ng  hTdroelilnrte  neld,  it  yields  ethane  and  stanuic  cMoW) WeWVlc , 
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Sulphur  Hioridr  is  absorbed  by  the«e  linc-oompoiuida,  with  fomulion  of 
tUeniuciialU  of  mo  thy  1-  aud  othyl-ditliiuuicorBulpiiiolcioid* 
(p.  554).  A'Uroi/cn  diuride  dissolves  in  line-ethide,  forming  a  cryaUUiiM 
cuuipound,  wkieii,  liy  th«  avlion  of  water  and  carliun  dioxide,  is  u>nrrrt<4 
into  Iho  lino  salt  of  diuitroethylic  acid,  C,Ilj.N,0,U,  the  itnictara 
of  which  lias  not  yet  lieeu  satisfactorily  Uiode  out. 

Mercnrio  Ethlde,  Hg(CjH,),. — This  roroponnd  is  formed  by  Ibi 
action  of  uuTcuric  chloridn  on  zinc  etl)id»,  but  it  is  more  easily  prepucd  ' 
by  the  action  of  sodium-aninlgsm  on  ethyl  iodide  in   presence  of  i 
vthur : 

2C,HiI    4-    N»,    +    Hg    =    2NaI    +     Hg(C,H»),. 

The  acotio  pther  takes  no  part  in  the  reaction ;  nevertheless  its  pi 
appears  to  be  essential. 

Mercuric  etliido  is  a  transparent  colorless  liquid,  boiling  at  159^  C> 
(318.20  F.),  and  having  a  sp.  gr.  of  2.44.  It  barns  with  a  urooky  flaiiK, 
giving  off  a  large  quantity  of  mercurial  vajxir.  Chlorine,  bromine,  iBil 
iodine  remove  one  e<)tiivalent  of  ethyl  from  Ihis  «inii>ound,  and  lake  iM 
place,  forming  mercuric  c  hloreth  idu,  etc.;  thus: 

Hg(c,Hj).  4-   CI,  =  c.H.CT  +   ng(c,n.)a. 

A  similar  anion  is  exerted  by  acids,  e.  g.,  by  bydrobromie  ooid,  the  ja* 
ducts  being  ethane  and  mercuric  bromethide : 

ng(C^4),     +     HBr    =     C,U,    4-     ng(C,n,)Br. 

The  chlorelliide  or  bromethide  is  converted  by  water  into  mi-renrio  Pthjl- 
hydrate,  llg((.'.!l5)(<Ml).  Mercuric  cthide  serves  fur  the  preparatiou  uf 
severed  other  organo-motallic  bodies. 

Meronrlo  Methlde,  ng(CH,),,  prepared  by  similar  processes,  is  i 
liquid  sliglitly  su1uI>Im  in  water,  boiling  at  OPfi.  (2Mct'^  V.),  and  having  a 
SJieeifie  gravity  of  3.UG9.  '  ,' 

Mercuric  Isopentide  or  Amyllde,  ng(C,H„),  is  a  thick  liquid,  tt 
spevilic  gravity  l.UU,  decomposed  by  distillation. 

Mercnrio  AUyliodlde,  Hg<3'    '  ,  produced  by  agitating  allyl  \oM» 

with  nierc\iry,  cryslallize.s  from  alcohol  in  silvery  laminx,  melting  at  ISS* 
C.  (2700  F.).     With  hydrogen  iodide,  it  yields  mercuric  iodide  aud  pre- 

Hg(r,n,)i   +   HI   =   Hgi,  +   c,H,. 

Alnmintnm  Methlde,  A1(('H,),,  or  Al/CH,),.    This eomponn^ 
discovered  by  Huckton  and  iMling,  is  formed  by  heating  mcrrorir  nicthil 
with  nliHiiiiiium.     It  is  a  mobile  liquid,  which  crystallites  at  a  little  s)<on 
OO,  and  Imils  at  13(i^  C.  (20IP  K.).     At  aud  slmve  22iio  C.  (42l*0  F.)  T 
density  of  its  vajMir,  compartnl  with  that  of  air,  is  2.8,  which   is  near  I 
the  llieoretical  density  calculated  for  the  formula  .M(CHj)„  namilr,  2.SJ 
This  seems  to  show  that  the  true  forninla  of  the  compound  is  .AI(C1I,),,  soil 
not  AljfCHj),,  and,  (xmstijuenlly,  that  aluminium  is  a  triad,  not  a  trtn  ' 
(p.  240).     At  temperatures  near  the  boiling  |xiiiit,  lunvever,  the  v»]i<ifl 
density  lH«x)misi  4.4.  approximating  to  the  theoretical  density  caKubl'Al 
for  the  formula,  AI,(CH,),. 

Alnmininm  Ethlde,  AlfCjIIj),,  or  AljCCjII^),,  resembles  the  tneiKyl 
compoiinti.     It  boils  al  194°  C.  (.381.2°  F.),  and  it«  vapor  likewise  exliilii'*. 


STANNOUS    ETHIDE. 


6(i3 


kt  UsmpenUoM*  coiuSdersbl}'  above  ita  txiiliiig  point,  a  density  nearly  equal 
tu  tbnt  required  b/  tliu  formula  A1(C,H^„  tor  a  two-volume  oouileuaa^ 
tlun. 

Tin    Compoanda. — Tin  forma  two  ethyl-componndg,  Sn(C,Hj), 

"  '>"i>«.  •lualogous  l»  Htaunous  ami   stttiiuic  chloridf  ;  also  a  slan- 

iiuic  ethide,  iJi'iCl'illjJe,  aiialuguus  ill  cuiuilitutiou  to  etliant*,  C"  H,. 

-tliiilw  is  a  saturati'rt  coiuiioanii,  but  tlit<  ollitT  two  are  uiiButuratcd 

'  apablo  u(  uiiiliug  witli  oliluriuct,  bruuiiiR',  oxygen,  aii<t  nriil  raiii- 

mi  btfuig  tiiureby  ouuvertud  into  coniiiuuiida  uf  the  Btannic  lyjw. 

?r.i!r3torB  KmrDE,  Sn(C.Hj).. — ^Whcn  ethyl  iodide  and  tinfoil  are  hentod 

r  in  a  i.i!ftl«Ml  glass  tutw  to  al>out   lf>(lo  or  IWP  C.  (302-3ri(iO  p.), 

Midethidi',Su(C,Hj),l„  is  produced,  crystallizing  in  colorless  newlles. 

"Uipuuud  is  oblaiui-<i  when  tin  and  etliyl  icdide  are  exixsied  to 

■  ••  »uu  coutfutruted  by  a  cont'av<i  mirror.     Tin-  ri-a<tioi>  is  con- 

.  i.>.ilitatvd  if  tlio  tin   be  alloyed   with  oue-lenlb  of  its  weight  of 

This  iiviide  is  decouijMisod  by  sodium  orzinc,Kliieb  alwlrjiits  the 

;md  leaves  »taum)ua  ethide   in   the   form  of  a  tliirk,  oily  liquid, 

insoluble  in  water,  having   the  sp.  gr.  1.6f)8,  and  deeonijiiweit  by  distilla- 

Uaa.     Slannons  ethide  combines  directly  with  2  atoms  of  cUloriiie,  iodine, 

and   bri>raiu«,  forming  slauniu   chlorethide,  Sn''(C3lljjX'l,,  etc.     Exposed 

to  th<^  air,  it  absorbs  oxygen,    and   is   converted  into  stannic  oxethide, 

8o''(C,Hj>,0,  a  whitish,  tasteless,  ino<lorous  powder,  which  when  treated 

with    oxvgen     acids,    yields    well  -  crystallized    stannic    salts,    such    as 

ao(t-.Hj,(.NOj)„  Sn(f,»,),S(.)„  etc. 

?T>^jto»o-STAX!ric    Ethide,    Sn,(rjHs),,    is   always    prortnccd   in   iimall 
■  V  when  atanuous  etiiido   is  prepared   bj'  the  metlunis  above  men- 
It  is  readily  obtained  in  the  free  state  by  digesting  an  alloy  of  1 
\tul  uf  srnlium  and  &  parts  of  tin  with  ethyl  icKlide,  exhausting  the  mass 
•  ilh  Hher,  nvapnrating  the  ethereal  solution,  and  exhausliug  the  residue 


«i  iicji  Biauuuus  eLiiiue  is  prejjaieu  I'j  lue  iiieunMiB  iiiw*,--  j 
It  is  readily  obtained  in  the  free  state  by  digesting  an  alloy 
Valium  and  &  parts  of  tin  with  ethyl  icKlide,  exhausting  the  : 
•  ilh  Hher,  evaporating  the  ethereal  solution,  and  exhausliug  the  residue 
«ith  alcohol.  The  stannoBO-stannic  ethide,  being  insoluble  in  Ibiil  liquid, 
tlii-n  remains  Ix'hind.  It  is  a  yellow  oil,  Ixjiliug  at  It^CiO  C.  (S-'iGO  F,), 
cuiuliiniug  directly  with  chlorine,  bromine,  and  iodine  to  form  two  mole- 


e ^    ■■ ,    - 

enlrs  of  »  Btannic  compound  ;  e.  g. 


8n,(C,nj),     -J-     a,    =    2Sn"'(C,H,),Cl  ; 

Stsnulc  chloro-trlcthldc. 

Ih  oxygen,  forming  distannie  oxy-hexethide,  Sn",(C,n5),0.  Tliis 
1-.,  however,  liest  obtained  by  distilling  stannic  oxy-iiiethide, 
llj),()  (alxive  descriW^d),  with  potash.  It  is  an  oily  liquid,  soluble 
iiol,  ether,  and  water;  the  aqueous  solution  has  a  strong  alkaline 
n.  It  is  easily  acted  uiwn  by  oxygen-acids,  yielding  the  corie- 
•inudiug  sulphate,  Sni(C',fI,)«SO,,  etc. 

fiiMiyir  &rnriil!,  Snl'fr^IT,),,  h  prodnee<l  by  the  action  of  zinc  ethide  on 
■tannic  chloride  ;  also  by  the  distillation  of  stannous  ethide  :  2Sn((",Hj), 
eSn-(- Sn(C,n,),.  It  is  a  colorless,  nearly  odorless  liquid,  of  sp.  gr. 
I.IS.  Imiliiig  at  1810  C.  (2.07. SO  F.),  and  very  intlammable,  burning  with 
,i..i  I.,  i.inlnons  flame.  When  treated  with  chlorine,  bromine,  etc.,  or 
t  fonns  sulwtitiilion-products  :  thug,  with  iodine,  it  spliU  op 
!;  ■iide  and  mannic  iodotrielhide  : 

Su(C.H.).     4-     •,    =     <',1IJ     +     Sn(C,n.),I, 
^n\,  airnng  hvdroehlorie  acid,  it  vields  ethane  and  stannic  chlorotriethide, 
'"'"■.HJ.  +  llf'l  =  f »".  +  Sn(C,Hj>jri. 


I 
I 

I 
4 
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Stannous  M«thlde,  8n(CH,)„  uid  Stsnnio  Malhltle,  8n(C 
reflcnible  Uie  corresponding  ethjrl  eotnjiotuids,  and  are  obtalnad  t>/  i 
riiaotions. 

Plnmblc  Ethide,  rb(C,H,}|,  Is  produced  b^  the  action  of  plan 

diluridv  uu  itiiiu  etliutc  : 

2Zn(C,H,),    +    2PbCl,    =    2ZnCl,    +     Pb    +    Pb(C^J,. 

It  is  a  colorlcsH  limpid  liqaid,  solubk-  iu  cth^r  but  not  In  w at»r. 

protected  from  tbe  air,  it  boilit,  witli  partial  d>K«>uj|><i«ilion,  at  alwut 

C.  ('M'^  P-)-     1'  '*  ""'  ai''"'  "P<m   ''Jf  "XVgi'U  nt  nnlin 

but  clilurinp,  bromine,  and  irxline  act  violcntl.v  np«iu  it  in 

as  on  stannic  ctbidt",  forming  plumbic  uUluro-trivthidi:.  l  ...  i  ,..,(,i 

riumbii'  otbide  is  interesting,  as   aOfortling  a  proof  that  lead  i« 

tetrad  Cp.  -74). 


ALDEHVDES. 


These  are  bodies  containing  tli««  bivalent  groop  CO,  aasodated,  va 
one  band,  ivitb  a  monatouuo  aloobul  radicle,  and  on  th«  otbar  with  b^diw 
gen  ;  e.  g., 

H— CO— CII,  H— (O— C.H, 

Acctto  alili'hyile.  Titlrrlo  alilehyue. 

They  are  derived  from  primary  alcohols  by  xliminatinu  of  on*  i 
molecules  of  hydrogen  (II,),  Hlthi>ut  introduction  of  an  e<|uliralc 
tity  of  oxygen,  .so  that  tbey  bold  a  poaition  intermediate  bctirvnn  I 
bols  and  the  acids  -,  thus  : 


,l"' 


n.('— o— II 

■  i;thji 

Alcohol. 


0-  (•— n 

Arctic 
aldehyde. 


cn, 
o-('— o— n 

Arollo 
aaM. 


The  hydrogen  eliminated  in  the  conversion  of  a  primary  alodiol  ial«( 
aldehyde  is  that  which  lielong*  to  the  group  ('ll,(lll  ,  cim-    -••'■-  n 
atiiMiir  ali'obol   can  yield   liiit  ime  %lili<liydti ;   botuilii  iiol 

,vii-ld  tvo,  by  removal  of  II,  and  of  211,;  a  triaUtmic  alcohol  ...  .  ^a.li 
At  present,  however,  we  are  acquainted  only  with  aldehyda*  dnrivad  I 
inouatujuio  and  diatomic  alooboU. 


Aldehydes  derived  bom  Mouatomio  Aloohol*. 

Of  these  aldohydus  there  are  two  series   belonging  I41  the  fatty  gM^ 
Tii.  : — 


1,  AUehylm,  0,11^0,  rorrtUfiomUnQ  iHiA  /A*  FttOg  aeittt. 
Ponnlc  aldehyde 

Ac.'.  ■  -I  ■'.:■■ 
Vai<*ric  aJdehydr 


CH.O    I  (.'aproip  aldebydM      , 

'■  "  '■      •'•■■ •'     '        '  ■   -rda 


r.iL 
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2.  AhitKyda,  C,n^_,0,  coTTftpomliuij  u-ith  ihe  Acrylic  acidl. 

Acrylic  alileli.viie,  or  Acrolein      .         .         .     C,H,0 
Cratoiiir  aldcliyda (-',11,0. 

Ill  IliKfte  aldeliydt^  cuntain  two  atoms  of  hydrogen  less  tjian  the  cor- 
nding  aloohots,  and  one  atom  of  oxygen  lesn  than  the  corrfisponding 

thr  a]itfhyde«  of  thp  fatty  groups  are  produced:  1.  By  oxidation  of 
Bury  ali'<iliol«,  either  by  the  action  of  atuionpheriu  oxygen,  or  liy  th»t 
llJKture  of  dilute  sulphuric  acid  and  potaxsium  dichroumle  or  iiiaii- 
"I  diuxide,  or  by  the  action  of  chlorine  on  the  alcohol  diluted  with 
,  the  chlorine  in  this  cose  decomposing  th*i  water,  and  thus  acting  as 
roxidUiug  agent ;  e.  g. ; — 

CH,  CH, 

I  +        0        =        U,0        +  I 

(  H,t)H  tt)II 

Ethyl  aJeuboK  Aeetle  Kidebyde. 

By  distilling  an  intimate  mixture  of  the  calcium  salt  of  the  corre- 
liug  acid  with  calcium  formate  ;  e.g. : — 

cHj.co.on  +  ii.c<  1.011  =  co,  +  h,o  +  rHj.ro.ii 

Aeetio  Mid.         Formic  acid.  Acetic  Aldcliyde. 

By  the  action  of  nascent  hydrogen  on  the  aiihydridos  and  chlorides 
iloranhydrides)  of  the  falty  a«.'ids  : — 

cn,.con      +      u,      =      hci 

Acetyl  chloride. 

( H,.(  tJ^f,     4.       oil  no 

Cll,.('<l--^        ^       "    »         '"  ' 

Aeelic  anhydride. 

From  the  corresponding  di-halogen  derivatives  of  the  hydrocarbons, 
beating  with  water,  or  Iwtter,  with  lead  oxide  ; — 

cH,.ciiri,      +      pbo      ^      I'bci,      -\-      cH,.cno . 

bhldcDC  chloride. 

V  Bv  the  slow  oxidation  of  albuminous  substances  by  means  of  nian- 
C*n».'  dioxide  ami  sulphuric  acid. 

S. '   ii..-  alileliydes  occur  in  the  essential  oils  of  plants. 

de6  ore  colorless,  neutral,  volatile   li(|iiidK,  liiiving  more  or 
1^>  ■  lalors.     Only  the  lower  aldehydes  are  i-uluble  in  water. 

AraefioiM.— I.  Aldehydes  art  easily  converted  by  oxiilaiinn  into  the  cor- 
'»»|iondini:  acids,  either  on  exposure  to  the  air  or  by  conKu^t  with  moist 
■Unif  oxi*ie,  in  the  latter  case  with  reduction  of  metallic  silver  : — 


+ 
+ 


riij.coH 

Accllc  Aldehyde. 

2(CII,.C0U). 


cn^roH 

A<-rtlc 
■Idehjdc. 


+     3AgOn 


==   nij.co.oAg 

Silver  acetate. 


4-     2H,,0    +     Ag,. 


This  oxidation  takes  place  with  peculiar  facility  with  smnionincal  silver 
•it I,-  :•      -ilvor  being  fTequeiilly  deposited  in  a  bright  specular  flim. 

♦    tused  with    />./r(ij«/i  are  converted    into   the   corresponding 
ij^ ululion  of  hydrogen;  t.y., 

r,ii,„o      -f      Koii      =      cji.KO,      4-       11,. 

V«lrMp  Valerie  acid. 

«l(iirU>dO 
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3.  Natcait  kydrogtH,  evolrod  by  the  action  of  water  on  aodiom  ainaipuiitl 
converts   tlieiu   into  Ibe  currcsponrting    alcoholii;    e.  y.,  C,H,0-|- II, 
(',U,0.      If,  liowHvitr,  the  jildclivde  Ix-longs  to  a  non-6»turat>«l  MTii*.  tliti 
action  guts  fiinlKT,  an  iulititionul  qnnntitv  uf  Uvilrugvn  being  tlicii  likd 
up,  wliLTuby  tlie  alcohol  lirst  formed  is  cuOTortud  into  a  saturated  »1«' 
belonging  to  another  series  ;  tlinss : — 

D,    =    C.H.O. 
I'raiijl 


C,II,0    -f     11,    =    C.ll.O;     and    C,n,0    + 
Aoryllo  Allyl  Allyl 


alouhnl. 


alcobol. 


lUcobot. 


aldehyde. 

Niii^cvnt  hydrogen  evolved  by  the  action  of  zinc  on  aulphurio  acid  i 
not  njijiear  to  unite  with  aldehydes. 

4.  I'lioHjiliom pmliiehturide  uouverts aldehydes  into  ehloraldehydtlj 
Oumpouuds  derived  from  aldehydes  by  sabstitntion  of  CI,  for  0 ;  thDl^ 

Cll,  CIL 

J  +         PCI,        =         PCI.O        + 

CHO 
Aldehyde. 

The  oom|Hiunds  thus  produced  are  isomeric  with  the  ohiuridcs  of  tkl 
olefines  ;  r.  y.,  acetic  chloraldehyde,  CH,.CHCI,,  or  ethidene  chhiridv,  vid 
etheue  chloride,  C,I1,.C1,  (p.  .117). 

5.  Cklorint  nnd  bromine  convert  aldehydes  into  chloridea  and  bro 
of  acid  radicles  : 

c,n,o  +   CI,  =  Hci 

Atdrfaydc. 

C,ll,(>    +     2C1,    =    2HCI     +     C.llXlO.fl 

Cnloriicetyl 
ehloride. 


CHfl, 
Chloraldehyde. 


+   c.n.o.a 

Acetyl  chloride. 


Aldehyde, 


6.   The  alkali-melah  dissolve  in  aldehydes,  eliminating  an  eqn 
quantity  of  hydrogen : 


2C,!1.0    +     K, 


H,    +     2C,n,K0. 


L7.  Aldehydes  heated  with  hi/rlrorifanic  and  ht/drocJitorie  ami  are  converlnli 
first  intt)  cy  .Ml  hy  d  ri  ns  ,  wliirli  then,  by  the  action  of  the  Uydrochli*i» 
acid,  or  by  that  of  alkalies,  are  converted  into  oxyacids  ;  thus: 
CHj.CHO    4-    CNH    _    CU,.CH<;J?JJ  . 
Aldehyde.  Etbldene4^yMlhydrlo. 

_       cn,.cu<[!^'   +2u,o  =   Nn,  +   cu,.cH<;[?/[og 
H  Litctle  arid 

'  8.  Aldehyde  likewise  unites  with  other  carlwn-cnnipounds,  as  wiUi  O* 

anhydrides  and  elilurideu  uf  the  fatty  acids,  forming  compound  etben: 

I  CUj.CUO    +     CjHjClCl     =     CU,.OH<^' 


Acetyl  chloride. 


.CJlfi 

Elbldene 
chloro-ncclale. 


cii.,cuo   +   ^^^0   =  cn,.(ni<J^;[:.[|jO 

Acetic  Ethidene  diacelate. 

anhydride. 

9.  Aldehydes  combine  with  nmtnonla,  forming  oomponnds  called  sidf- 
hyde-ammonias,  the  mode  of  formation  of  which  is  shown  in  the  Al- 
lowing equation  : — 

cn,.cno    +    Nil,   =    i;ii,.cn<;^.J'j  . 


ALDEHYDES. 
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cotnponndB  are  oarily  koIuIiIo  in  wiit>?r,  but  insoluble  in  ellier,  bikI 
vrefore  precipitatod  liy  auiiiiunia  fruni  th«  etiioreal  solutionii  of  tliu 
ili,vdfii.     They  ar«  rather  nn«tablc,  ami  an.-  vanily  rosolnil   by  acids 
nmuioiiia  au<l  t\w  al(lvliy<l(.«. 
;Mdi-li riles  also  uniUt  with  tiuiline,  xntuT  Iwing  plirainated,  and  form 
ilorivfil   frmn  n  Joublo   iiioU'inile  nf  aniliu)',  ('',11, N),,  by  sutwtitu* 
tion  of  t«u  fquivakuU  of  a  diatomic  rodicli.'  for  four  atoms  of  tiyJrogeit ; 

2c,n.o  +    2r  n.N   =   i:u,u   +   c,.h,„<c  ii,),n, 

Ai^rtlc  Aaillue.  Dlplhlilriic- 

■Mebyile.  illnulliuc. 

11.  .Ml  iililehrdos  unite  directly  with  the  and  mliihitfM  nf  the  alkali- 
mttttU,  funning  cryslalliutt  cnm|)uuQd8,  wbii-li  may  bu  rcKardi-d  ox  Raltii  of 
vlkideuo-oxyBulpbuuia  acid  (p.  tiOG^,  as  shown  by  the  following  tTquation  : 


CHj.CHO    +     SO.H.Nb 


CU 


.■-<s 


Na- 


th«8e  saltii,  the  aldehydes  may  'he  separated  by  distillation  with 
Hulphuric  acid  or  solution  of  sodium  carbonate.     The  reaction  af- 
a  T<-A<ly  uienns  of  purifying  the  aldehydes,  and  of  detecting  their 
IV  in  niixluri's. 
12.   I'nder  the  iiilliience  of  certain  reapnnts  (small  quantities  of  lu-ida, 
alkalies,  and  !<nU!i)  two  or  tuore  inulecales  of  an  aldehyde  luay  unite  to- 
gether, forniiu)-  a  polymeride  ;  e.g., 

<0— C^     H.CII, 
rt— C^^  U.I 

Faralileliyde. 


OCn.CUj 

CHj.cno  + 

OCH.CUj 
Aldehyde  (3  mol.). 


.CU, 


AU>EfrTDEt!  DELOXni.Na  TO  THE  SEItlES  C„IT,„0. 

Formlo  Aldehyde,  CII,Oor  H.CHO,  also  cnlleil  Mrlhi/Vic Mrhydr, 

— This  (uiiipociiid,  iliALOverinl   by  llofniunn,  is  pr<«luee<l  wheu  a  current  of 

»ir  rbarged  with  vapor  of  methyl  alcohol  is  diri'ite<l  uynm  an  inc.andcNccnt 

spiral    of   platinum   wire  ;    and   by   suitable  condensing  arrangements,  a 

r"  ly  lie  obtained  amsistinc  of  a  solutinn  of  the  abicbyde  in  metliyl 

|,  This  llquiil,  rendered  slightly  alkaline  by  ammonia,  and  gently 

>ith  silver  nitrate,  yields  a  beautiful  specular  deiMisit  of  silviT, 

ii^T  lase  even  than  ordinary  acetic  aldehyde.     The  same  solutir>n, 

lb  u  few  ilrops  of  caustic  potash,  de|>osits  drops  of  a  brownish  oil, 

(iKTing  the  oilor  of  the  resin  of  acetic  abiebyde. 

Ff-rituc  abbhyde  is  likewise  obtained   by  the  dry  distillation  of  calcinm 
fart 
the 
llii 


/ 


IIO.),  =  ClljO  -(-  CaCO,.  It  has  not  yet  been  obtained  in 
;  l>ul  on  heating  the  distillate  obtained  as  almvc,  part  of 
liydu  escapes,  and  another  portion  remains  as  a  solid  poly- 
ion,  vi«., 

■  lilrliiiilr  or    Trior^methene,  C,n,0,  or  (Cn.j).iO,,  a  eom- 

■  formed  by  the  action  of  oxide  or  oxalate  of  silver  on  mo- 
il,I,,  or  best  by  distilling  glycollic  acid  with  a  small  qunn- 

I.     It  is  a  crvstalline  mass,  insoluble  in  water,  alcohol, 

at    152°  r.'(30r>.(!O   K.),  subliming   below    lOlP.      Its 

wrresponds  with  the  furmula  011,0,  showing  that  the 

-|illt  up  when  lieateil  into  three  molecules  nf  formnl- 

I  •-■uDg,  however,  the  Irljde  molecule  is  repri>duced.     0,V^,O^ 

It*  aUu  o.nviTtod  into  CH.O  when  heaUvI  wUh  water  Vo  13tO  C.  (,!&>»  V.^. 
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Whcu  ammonia  is  passed  over  parafonnaldebyde,  h  ex  inetb«iiamlnC|B 
(■gll„N,  =  (CH,),N,,  i«  producwl,  a  base  which  rrysUllizcs  friim  aloiticJ  O^ 
sliiiiiiig  rhombubcdrniu,  and  sublimes  without  alU-ratiou  wbrn  cauliiiii>l|H 
livnUnl.  It  is  amonoaoid  base,  forming  cry»talline  «all«,  the  hvdn>chlorid<9 
C,H,,N,,  HCI,  for  vxamplu.  By  builing  with  dilutt:  acids  it  ii  n-<x>nTcrt(^| 
into  I'uriaaldphyde.  fl 

Put II  tliiu/orma  tdeh  i/de  or  Trilhiomel h  enr,  (CII,)|S],  is  pmUu^U 
by  piissing  hvdni^^un  sulphidv  into  the  niiumus  solution  of  fonnalddud^l 
also  by  tho  action  uf  zinc  and  hydrochloric  acid  on  carlxm  bi!iul|>lim^^^| 
by  heating  metliene  iolidu  with  potii«aium  sulphide  in  alivholic  mH^^H 
It  is  a  solid  bo<ly  having  nn  ulliacuous  udor,  is  insoluble  in  water,  bnt  uB 
gnlvea  in  alcohol,  and  ury.stallizcs  tiierefrum  in  slender  liee<1le:»,  laelliuglfl 
218'-',  and  easily  subliming;.  The  va]iur-density  agrees  with  the  formslfl 
CjHgSj,  whence  it  is  inferred  that  solid  paraformaldehyde  is  c^irrecUy  f»tB 
r.-aeiiled  by  the  formula  t.'in»Oj.  The  thioaldehyde,  Cjll,Sj,  heated  lo  liVl 
C.  (33bO  K.)  with  silver  sulphate,  is  uouvcrted  into  C,ll,Oj.  H 

Acetic  Aldehyde,  orAoetaldehyde,  C,H,O  =  CH,.Cn0^ 

Cjllji.Ml,  ul-io  call<-<l  AV/iy/  Al<lrj4i/dr,  but  more  generally  by  the  simple  oaofl 
aldehyde.* — This  substance  is  l'unui<d  by  oxidation  of  elhyl-alculMn 
also  among  other  products,  when  the  va{Mir  of  ether  or  alcohol  it  lraa^| 
mitted  tlirongb  a  rcil-hot  tube  ;  by  the  action  of  chlorine  un  weak  aloobulB 
and  by  the  other  general  reactions  above  mentioned.  It  is  l>esl  pri'{iar«fl 
by  the  following  process:  0  parts  of  oil  of  vitriol  are  mixird  «ilh  4  [larlM 
of  rectiflc<l  spirit  of  wine,  and  4  parts  of  water;  this  mixture  is  poanfl 
upon  6  parts  of  ]^>owdered  manganese  dioxide  contained  in  a  capaoionu^l 
tort,  in  connection  with  a  condenser  coole<l  by  ice-cold  water  :  gFnl]^^^| 
is  applied,  and  the  process  is  interrupted  when  G  jiarts  of  li<|id4^^^| 
passed  over.  The  distilled  product  is  put  into  a  small  retort,  with  itoO^H 
Weight  of  calcium  chloride,  and  redistilled  ;  and  this  operation  is  reptatt^B 
The  aldehyde,  still  retaining  alcohol  and  other  imjinrities,  is  mixed  *>lfl 
twice  itii  volume  of  ether,  and  saturated  with  dry  ammoniacal  gas  :  a  rrylfl 
tallinu  compound  of  aldehyde  and  ammonia  then  separat<!s,  which  mar  M| 
wnsli<<d  with  a  little  ether,  and  dried  in  t)>e  air.  From  this  snlisiance  thq 
aldehyde  miiy  be  separati-*!  by  distillation  in  a  water-bath  witb  ^nliilLnrial 
acid  ililuted  with  an  equal  quantity  of  water;  by  careful  recti  i  ] 

(talcium  chloride,  at  a  temperature  not  exceeding  30.5C<C'.  (8ti.  i  ] 

obtained  pure  and  anhydrous. 

Considerable  qnantities  of  aldehyde  occur  in  the  "flr!«t  mnnings"  ok' 
tained  in  tVe  manufacture  of  alcMihol  from  aopnr-beet  and  from  pfilatMi. 
beinc;  probably  formed  by  oxidation  of  the  spirit  durinp  the  filtratiHB 
throiigli  charcoal,  to  which  it  is  fulijecl<>d  for  the  removal  of  fusol-oil  »o4 
other  impurities. 

Aldehyde  is  a  limpid,  colorless  liquid,  of  charaoterifiticethere.ilodnr,  whlck^ 
when  strong,  is  exceedinpiv  sutTocating.  It  h.is  a  density  of  O.i^tiT  at  t^B 
Ixiils  at  2K'-220C.  (69.8C_7l.tp  K.),  and  mixes  in  all  projwrtions  wilB 
water,  alcohol,  and  ether:  it  1.1  neutral  to  test-paper,  bnt  becoim-s  acid  olB 
ex|>osure  to  air,  from  production  of  acetic  acid:  nnder  the  influence  on 
platinum-black  this  change  Is  very  speedy.  When  a  solution  .  '  '  '■" 
is    heah'd  with    caustic   potash,  a  brown  resin-like  snbs[:ince 

Ihefio-callwl  aldehyde-resin.     It  nvluces  silver  oxidi"  at  n  ^ ■• 

without  evolution  of  gas,  the  mi'lnl  being  deposil*^!  on  the  iniur  >urt»("« 
of  the  voBBel  u  a  brilliant  and  uniform  film ;  the  liquid  ooDtaiu&  silver 
aoetate. 

*  Alcohol  dchydrograatum. 
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Till)  prilivipa.1  reactions  of  aldehyde  have  been  already  mentioned  (p. 
M'J,  it  it  c'>nverte<l  by  iinsceDt  hydrogen  into  ethyl  alcohol,  by  oxidation 
Inli^vvtio  jtcid  :  by  i>hi'«i>Lorug  peiitachloride  into  chkiriildchyde  or  ethi- 
(Jii-  .lichluride,  CHj — L'llOl,.  It  unites  with  the  mid  Biilphiles  of  the 
tiLili-metnU,    (uriuiuj;   couiiKxuidii   like   the   ammonium   «alt, 

CB,.CH<^  ^,-j  ^j^.jj  V  ,  which  are  resolved  at   100©  into  aldehyde,  sol- 
pburoai  uxide,  and  neutral  sulphites  ;  thus  : 

2[CH,.CU<^'y  ^]    «=    2{CU,.CU0)     +     SO,K,    +     SO,    H,0. 

AUehyde  unites  also  with  acetic  oxide,  forming  the  oompoDnd  C,H,0. 
((yi,0),0  or  CU,.CH<^[;'[{'JJ  ,  and  with  ahi/loiide,  forming  ethideno 

Jiethylate  or  aeotal,  CU,.CH<^^i=Jj»  ;  in  like  manner  with  »«•%/ 

aiWic,  forming  ethidune  dimethylate,  CH,X'H(OCH,),  (p.  (iOij). 

Witli  dry  Jt^rogen  cyanide,  aldehyde  forms  the  comixiund  CH,.CI1<Q.„, 

iliiiuid  n^luble  in  water  and  in  alcohol,  Iwiliiigat  IS30C.  (301.42' I'.),  with 
paitial  deciimiioMition  into  aldehyde  and  hydrogen  cyanide,  and  converted, 
6j  heating  with  strong  hydrochloric  acid  or  with  alkalies,  into  «-lactio 
»H 


acid.    ca..CH<:^^jj 


ildtkydt-ammonia,  C.H^O.NH,  =  CH,.CH<^,^I     ,     obtained    by 

laming  dry  ammonia  gas  into  an  ethereal  solution  of  aldehyde,  cryetal- 
llMs  in  large  )<liining  rhombobetlrons  ;  it  h.iH  a  mixed  odor  of  nnimouia  and 
tu]>ei>tine,  diHHolves  very  easily  in  water,  with  less  facility  in  hU-oImiI,  and 
withdiffieulty  in  ether  ;  melts  at  alxmt  7iP  c.  (ItJS.SO  F.),  and  liislila  un- 
<luiigc>d  at  IlMlO.  Acids  decompose  it,  with  ])r<Hluction  of  ammouiiuul  salts 
•ad  separation  of  aldehyde.  Hydrogen  sulphide  eonverti<  it  into  thinl- 
dln«,  l",H„NSj.  Sulphurous  oxide  gas  is  rapidly  ntsorbed  by  a  solution 
of  aldehyde-ammonia,  forming  the  crystalline  coniinnnid  t',ll,ON'llj,SO„ 
isomeric  with  taurine  (p.  (iOf>),  and  with  tlie  eonijiooiid  ftjrmed  by  direct 
eambinAliou  of  aldehyde  with  acid  ammonium  aulpliile. 

PoiTTCRBte   MopmrATio5R  OP  AuiEnTDK.— Pure    anhydrona    aldehyde, 

I  at  ordinary  temperatures  with  a  small  quantity  of  gaseous  hydro- 

•icid,  sulphurous  oxide,  or  carlKinyl  chloride  (phosgene),  orof  »ino 

chi.ri.lo  or  strong   sulphuric  acid,  is  converl.Ml   into  a  poljnneride,  callwl 

paraldehyde,  whieh  ervstallizes  on  cooling  the  liijuid   to  OO  m  large 

r.,..-,,,r..nl  prisms,  melting  at  10..'>O  C.  (50.!)O  V.)  to  a  liijoid  whi.h  lK)ils 

:     r.  (^.'..vao  P.).  has  a  specidc  gravity  of  0.998  at  15°  C  {K\0  p.), 

.  V  aiKir-dr-nxitv  three  times  as  gn-at  as  that  of  aldehyde  itself:  hene« 

it.  niol.M-nlar   formula  is  C,n„0,.     When    distilled  in  contact  with  either 

"f  t1i.>  reagents  above  mentioned,  it  is  reconverti-d  into  ordinary  aldehyde, 

•  .Iocs  not  undergo  this  change  when  healed  alone. 

.  !i  either  of  the  same  reagents  acts  on  aWehyde  wioli-d  by  a  freezing 

nnxior.-,  another    polymeric    niodificniion    is    form.-d,    called    luetalde- 

hrde     whirh  also  crystallizes  in  transp.irent  prisms  or  in  while  needle*, 

but  differs  from  paraldehyde  in  subliming  when  heated  without  prevloua 

ftisinn,  and  in  being  at  the  same  time   partly  reconverted  into  aidebvile. 

In  .v>n»eqncn«>  of  this  transformation,  its  vapor-density,  and  th<'reroro  i\a 

m"le<Milar  formula,  have  not  been  deterTOine<l. 

When  aldehyd*  is  left  for  some  time  In  cuntacl  with  dilute  hydroohlono 


I 
I 

I 


Halogen  Derivalivti  of  Aldehi/dt. 

MoDOohloraldehyde,  CH,CI.CHO,  formed  by  the  aotini 
aciil  ou  chUiracetal,  L'll.,('l — CU(OC,H,),,  is  known  only  in 
tion.  B.V  uxposuro  to  tlic  air,  oud  by  tlio  action  of  sUr^^H 
varted  into  chloracvtic  acid.  ^H 

Dlohloraldehyae,  CHCl,.CnO,  prodnced  by  distillnti< 
ao«lal  with  alruii);  siilpliurii:  acid,  ia  a  liquid  insoluble  in  w 
iug  nt  SS^i-yo^  C.  (11*D.4^-1'J4C>  F.)-  By  keeping,  it  is  gra<lu 
into  two  solid  {Hilymuriu  modifications,  onu  of  which  is  atuoi 
nwonyitrtedi  into  liiiuid  dichloraldyhyde  at  12(P  C.  (24KJ  1 
other  orystullizi'S  from  alcohol  in  largo  jirisms,  molts  at  13CK 
and  does  nut  pass  into  tUu  liquid  modification  till  hM| 
(4({40  F.)-  ■ 

Trichloraldehyde,  or  Chloral,  Cn,.CnO,  is  forrawl  by 

action  of  ihliirin.!  on  etlivl  iilcohul.  To  prepare  it,  chlorine 
alMolute  alcohol  as  lonf;  as  hydrochloric  acid  continues  to  Im 
the  product  is  agitated  with  tlireo  timixs  itn  volume  of  stn 
acid.  On  gently  warming  the  mixture  in  a  water-bath,  the  ii 
Hu]>arat«s  as  an  oilr  liquid,  which  floats  on  the  surface  of  t 
piirifiixl  by  distillation  from  fresh  oil  of  vitriol,  and  after 
sm.'ill  quantity  of  quicklime,  which  must  he  kept  complete 
lie  liquid  until  the  end  of  the  operation.  Chloral  has  also 
from  starch,  by  distillation  with  hydnx-hloric  acid  and  mangi 
Chloral  is  a  thin,  oily,  colorless  liquid,  of  peculiar,  pungent 
odor  :  it  has  but  little  taste.  When  dropped  niwn  pajuT  it  U 
st.ain,  which  is  not,  however,  permanent.  It  has  a  density  ofl, 
at  U40  0.  (2(U.2C'  F.),  and  changes  ou  prolonged  keeping  inl< 
meride.    Chloral  is  freely  soluble  in  water,  alcohol,  ami  ether 


PROPIONIC    ALDEUYDE. 
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f 


•  ■■••  sitwp  when  taken  internally  or  introduced  nnder 

iinric  avid  decoiupoees  it  into  water  and  alcohol. 
_' ■ijf,  c-liloral   Ibnna,   in   like  manner,  a   crystalline 

««lph/dr»le,  Ca,.CU<^y,  whicli  melU  at  77°  C.  (170.6°  F.),  and 

ViU  *l  1230  C.  (2.'il.CO  F.)- 

Wiih  a/ooAo(,  chloral   fonus  an   alooholate,  CCl|.CH<^j^'"',  which 

'  I    iisUlline  body,  melting  ot  560  C.  (132.80  F.),  and  boiling  at  114->- 

:      I  .  (237.20-3,'l!<0  v.),  and  decomposed  by  strong  sulphuric  acid,  with 

-i  action  of  chloral.     Treated  with  arfji/l  rjilarije,  it   is  converted  into 

tic  ether,  CCT,.cn<^'J\'{|»^j  ,  which  boils  at  1980  C.  (388.40  F.). 

Oibromaldebyde,  CHBr,.CHO,  fnrmi-d  by  direct  broraination  of  aldo- 
h.vjr,  „  a  linin.l  wl.ifli  boils  at  1-»(|Q-1420  C.  (284'^2>S7.(P  F.),  in  eoa- 
tcnij  un   standing    into  a  solid   polymeride,  forms  a  crystalline  hydrate, 

Mel  unites  with  hydrogen  cyanide,  forming  the  compoaud,  CUBr^CH<^.j' 

nmrc-rtible  into  dibromolactiu  acid. 

Tribromaldehyde  or  Bromal,  CBr,.CHO,  formed  by  the  action  of 

hfHi,,  M 1  ,iIl<i1imI,  Ls  a  li^iuid  very  much   like  chloral,  boiling  at   \TJP- 

:  i  .t)"'J-vU3.40  F.),  and  decompiaed  by  alkalies  intti  formic  acid 

A  rm.     It  fonnfl  a  solid   hydrate,  melting  at  53°  C.  (127.4°  F.), 

«i.  »it..li..liile  which  melU  at  44°  C.  (111.20  F.),  and  doooniiKWea  «t  lOOO, 


laj  with   hydrogen  cyanide   the   compound,  ClJr,.CU<^ 
faito  tribromolactic  acid. 


Oil 


convertible 


I 


^ 


Smlpkur-deriralirei  of  Aldeliydr. — When  hydrogen  sulphide  il 

■(HMd  Uirough  aqU(<ous  aldehyde,  a  compound  uf  aldehyde  and  tliiualde- 

afi«  fat  prrv]u<!<vl,  iu  the  form  of  an  oil^ having  an  olfensive  odor,  solidily- 

ynx  It      K^  C.  (17.t>'^  F.),  and  converted  by  i^imiact  with  hydrochloric  acid 

tralhiualdehyde,    (C',II,8),.       Thit>    compound,    analogous    lo 

livde,  forms   white   uoedlei>,  insoluble   iu  water,  and  subliniiug  at 

1 1  '.~  v.).     Its  va)>or  density  agrees  with  the  formula,  C,II,,H,. 

-  11'^   hydrogen  sniphide  into  an  aqueous  solution  of  aldehyde- 

■BOKiuut,     thialdiue,    t',ll„NS„  separateii   in   large  colorless   crystals, 

iHlim  at  43-'  C.  (10!). 4C'  F.),  slightly  soluble  in  water,  easily  in  ali-ohol 

i^mi  .■ili.r    nnd  having  an  olT'-nsive  oior.     It  is  a  strong  base  ;    its  hydro- 

ihe  i-om|i<Kiition  t',ll|,Nri,.llCl. 

.'  an  aleoliolie  solution  of  aldehyde-ammonia  with  mrbon  bhul- 

■  ^r  hot  II  inliline,  (.'jlI,gN^,,  is  fornie<l  in  large  shining  crystals, 

>.|e  by   boiling  with   acids   into   aldehyde,  carbon   bisulphide,  and 


F    opionlo    Aldehyde,    C,n,0  =.  Cn,.Cn,.criO,  prepared  by 

>n  of  norniiil  propyl  alcohol,  or  hv  dislilling  a  mixture  of  calcium 

.1.      ■M.l    fiimi.ite,  is   verv  niiK'li    like   acet.'ildelivde,  has  a  specilio 

.(  2tiO  C.  (tI80F.),  Iwils  at  4:lo  C.  (12<i.2^  F.),  and  dis- 

•  >j<'«  of  water.     With   phosphorus  peutaohloride  it  forms 

SrtuptdetM  oliloridc,  CU,.CU,.CHC1,. 

The  hfphnr  aldehyde*  of  the  series  are  susoeptiblo  of  isomerio  modifico- 
UoM  analogous  to  those  of  the  primary  alcohols.     Only  a  few  of  those  are, 
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bowerer,  known  :  thus,  of  the  fonr  poaaible  5-earbon  ald«hjrd(S, 
tu  the  fuar  primar^r  p«nt;l  aloohols,  two  only  hare  yet  hoea  obUilud 
The  fullowiiiij;  table  exhibitii  th«  jperific  gravities  and  boiling  poil 
tliuse  bigUer  alilchyilt^.  All  of  them  arc  liquid  at  ordinary  t«mp«ri| 
i-x>M>pt  puliuitic  alilehydu,  formed  by  oxidation  of  oetyl  aUobol,  wluc 
wUitu  cry»talliu<;  luoiss  ; — 


Aldehydes. 


nutvrlr  5  Normal.  fH,.CH,.OH^OHO 
Butyric  j  ,,„^         (OH,),»m  CHO 

V«l.i.lB  \  Normal. CHj.(OII,l,rHO 
valeric  j  j^^^        (UU,),Uliou,  OlIO 

Cnproie  (Iio),  (CH,),CU.(CU>),CHO 

CEnnnthylle,  CH,.(0Hi)5.0U0 

Falmlllo,  OuR^O. 


Boilms  Point. 


8p«eifsja 


T.V<?.  (18:°  F.) 


0.t34  Hi  V 


ln-0(l    (41  •,.«!>  r.) 
«-l«'>L'.(m.o-lll».4o  K.)  0.768  at  1J<>0 

121^  C.  (SW.SO  F.) 

JM°  C.  (3W  r>  F.)       B.BT 

melta  atiW°C.  (121°  P.)  I 


Itobutjfrie  aldeh^e  treated  with  a  small  quantity  of  strong  sulphnri 
is  conTerte<l  into  paraisubu ty  riu  aldehyde,  (C,IJ,0),,  whick 
talliu-s  in  shining  needles,  melting  at  60°  C.  (140.2^  F.),  and  boil 
194'^C.  (381.20F.). 

NoriHiil  kiUi/rir  aldehi/He,  heated  with  aloohollc  ammonia  to  a  temp« 
not  exceeding  UKP,  yields  two  bases,  d  i  buty  raldine,  C,H,,KI 
tetrabuty  rnliUue  ,  C|,H„NO,  the  fonnor  of  which,  when  aubjo 
dry  distillatidn,  gives  off  HjO,  ami  is  convertiNl  into  paraconine,  G 
au  oily  base,  very  much  like  the  oonine  of  hemlock. 

TricUurobutfric  aldrJiyilf  or  Butyric  rliUiraly  C',HjC"ljO  (formerly  sn] 
to  be  orotonic  chloral,  CjlljCljO),  is  fonned,  together  with  jcveral 
products,  by  the  action  of  chlorine  on  acetaldehyde.  It  is  a  liquid  I 
at  1.^)0-1650  0.  (311^-329"  F.). 

hiintlrric  aldrhyiir  or  Vnlrrnt,  heated  with  alcoholic  ammonia,  yieU 
bnsi's,  vnleridiue,  C,(H|,N,  an<l  valuritrine,  r,jH_N,  the  lal 
which  i.H  a  liquid,  boiling  at  25liQ-260O  C.  (482O-00O-'  F.),  and  aq 
like  Conine.  < 

(Ennnlhylic  AJdehyde  or   (Knnnlhnt,  is   formed   in   the   dry  dlstillat^ 
oaslor-oil.     It  oxidixea  in  the  air  to  a-nanthylio  acid,  and  is  soavi 
nascent  hydrogen  into  normal  heptyl  alcohol. 


ALDEHYDES  OF  THE  SERIES, C„n5,_jO. 

ThesB  aldehydes  are  related  to  the  alcohols  of  the  allylic  seriea  i 
aarae  manner  as  the  aldehydes,  C„H^O,  are  related   to  the  fatty  i  " 
They  are  nnsaturatnd  compounds,  and  capable  of  taking  ap  2  ato 
monotomic  clement  or  ratlicle. 

Aoryllo  Aldehyde   or  Acrolein,   C,H,OsCr 

the  Imvi'Ml  inember  nf  the  series,  is  produced  : 

1.  Hy  the  oxid.ition  of  allyl  alcohol. 

2.  lly  the  dehydration  of  glycerin,  when  that  substance  is  heate< 
phosphoric  oxide,  strong  aulphurio  acid,  or  acid   potaaaium 
^1  •  '(O,— 2H,0  —  C,H,0. 


ACRYLIC    AND    CROTONIO    ALDEHTDKS. 
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It  in  alwATS  prodaooil  in  the  destructive  distillation  of  neutral  fats  con- 
lymrin,  and  is  tho  cause  of  Uic  intolerably  pnngeut  odor  attcnd- 

I  i.i.,    i  '  •'   '"   ■-■  a  thin,  «ilori(!S»,  highly  volatile  liqnid,  lighter  than 
Iwatar,  ni  it  62."Jo  C.  (llitjOK.)-     Its  vapor   is  iiitcnsfly  irritat- 

lin^.      It  :-  /  si>luble  in  water,  freely  in  alcoliol  and  ether. 

Acrolein,  bv  keeping,  undergoes  partial  dcoomp>»ition,  yielding  nwliilo, 
f flrwrnl'-ii!,  in'1i/!<-ront  body,  disacryl ;   the  same  sulxttance  is  soiiuttimes 
I  her  with  acrylic  acid,  by  exposure  to  the  air.    In  contact  with 
,u  sulTers  vinleut  decomposition,  pnxlucing,  like  aldehyile,  n 
When  exi><ni»i   for  some  time  to  the  air,  or  mixiul  with 
!  ia  rapidly  oxidized  into   acrylic   acid,  C,H,0,. 
ii>gen  converts   it  into  allyl    alcohol.     With  iihotjjinnmt 
!  it  yielils  the  compound  CU^Trl'Il — fllf'lj,  a  liquid  builiujf  at 
'  r.  (183.2'^  F.).    With  liyilrochloric  acid  acrolein  foruu  a  crystalline  coui- 
.ll,O.II('l,  which  melts  at  32°  C.  (HU.tiO  F.),  and  ia  resolved  by 
1  .  >ii  into  hydrochloric  acid  and  acrolein. 

L     .\crulciu  mixc<l  with  alooholio  ammoaia  is  immeUiatidy  conrurted  into 
ko  role  In  -ammonia,  C^li^O  : 

2C,H,0    +    NH,    =.    C,H,NO    -f    H,0. 


rThis  compnnnd  is  a  yellowish  moss,  which  tnms  brown  on  drying.     It 
onus  amorphous  salts,  and  yields  picoUnu,  C,1I,N,  by  distillation. 


r 

I  Crotonio  Aldehyde,  C.II.O  =  CIIj— ril^Cll— rno,  is  pro- 
fenced  by  heBtlJ)g  aci'laldehydo  to  liKjO  with  dilute  hydrochloric  acid,  or 
wiUi  ctno  chloride,  and  a  little  water: 


llilol  b^ing  prol>ably  formed  as  an  intermediate  product, 
Crfitouic  alifehydo  is  a  colorU«8  liquid,  having  an  extremely  pungent 
>or,  and  boiling  at  HH^a-lOfiO  c.  {2VJ.T~23.\0  V.).     In  cout.ict  with  tlio 
llr,  or  with  moist  silver  oxide,  it  is  easily  oxidized  to  cmtonio  acid.     It 
IBiIca  with  hydrogen  chloride,  forming  tuouoclilorobutyric  aldehyde  : 


Cn,.CHO    -f     CUj.CUO 


n,o   4-   cu,.cu=iCH.cuo. 


cn,.cu=cfl.ouo  -}-   nci 


CH,.CII,.CUC1.CH0. 


67 


Aldehydes  derived  from  Diatomic  Alcohols. 

ic  alcohols  can  yicM  by  oxidation  two  classes  of  aldehydes,  ao- 
-  one  or  two  molecules  of  liyilrogen  (II,)  are  removed.     I'r'ipene 
jiljOp  for  exauijile,  might  yield  the  two  abb?hyde«,  f',!!,'),  ami 
Only  a  few  of  these  com|K>unil»  have,  however,  l)eeu  obtained, 
lydes  derivi-d  from  the  glycols,  C'„Ilj„(-,0,,  only  three  :irii  at  jire- 
»,  Til.,  glyoxal,  C',H,()„  which  Is  the  second  ahlehyde  of  ordi- 
''■  '^;"e"i  '•  aldol,  <',II,0,,  which  is  the  llrst,  and  suocinio  aldo- 
•  is  the  8co<ind  aldehyde  of  butene  glycol. 
„  and  thealdehydic  .vrid,  glyoxalic  acid,  C,H,0„ 
Ml  comp<isition  between  glycol  and  oxalic  acid  : 

'II  roH  con  CO.OH- 

i.  I  I  I 

rii/m  loji  (M.dii  I'o.oif 

Qljeol.  Ulro\itl.  Olynxylla  <l«i<\\« 

acid.  acl<L 
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Both  aro  formed  as  int«nDe<liata  products  in  the  ozidaliun  of  g;lT<| 
aiti  converted  by  further  oxidation  into  oxalic  acid.  They  are,  b4 
most  easily  obtained  by  oxidizing  ethyl  aU'ohol  with  nitric  acid. 

Alcohol  (l!  ports)  is  introduced  into  a  tall  k'o-''''^  ej'Uuder  ;  1  part  a 
is  poured  into  the  vessel  throngh  a  funnel,  the  tahe  of  wlikh  km 
the  button),  and  afterwards  1  part  of  fuuiing  nitric  acid  in  introdi 
tho  same  way,  so  as  to  form  three  distinct  layers  of  liquid.  The  i 
is  left  to  itself  at  a  temperature  of  30O-220  c.  (08Q-71.(!O  p.)  tUl  tt 
liquids  have  become  mixe<l ;  after  which  the  mixture  is  evaporato^ 
w:tter-bath,  diluted  with  water,  saturated  with  chalk  at  the  boilii 
then  filtered,  and  the  filtrate  is  mixed  with  alcohol,  whereupon  g|j 
and  glyoxylate  of  calcium  are  prwipitated,  and  glyoxal  remains  in  m 
(}n  recrystttUizing  the  calcium  salts,  the  glyoxylnte  crystallite*  ol 
and  afterwards  the  glyuollitte.  The  glyoxal  is  separated  from  the  I 
by  agitation  with  acid  sodium  sulphite,  with  which  it  forms  a  cry 
compound;  this  sodium  compound  treated  with  barium  chloride  yii 
corresponding  barium  compound  ;  and  from  this  the  glyoxal  m^  | 
rated  by  dilate  sulphuric  acid.  .^H 

coil  f  n,^^  Wk 

3j=  I       '   isomeric  with  glycoUide,  |      ^>^^ 

ton  CO  '^ 

on  ova])orating  the  solution  obtaincnl  in  tho  manner  just  describe 
transparent,  amorphous,  deliijuescojit  mass,  very  soluble  in  water,  i 
and  ether.  It  reduces  an  aramoni.acal  solution  of  silver  nitrate,  fcx 
silver  speculum.  Nitric  acid  oxidizes  it  to  glycolUc  and  oxalic  adj 
ing  a  double  aldehyde  (containing  the  group  COU  twice)  it  unit 
two  molecules  of  itcid  potassium  sulphite,  forming  the  compound 
(30,KU),.  When  its  solutiou  in  acetic  acid  is  left  in  contact  with 
quantity  of  hydrochloric  acid,  a  condeus.'vtion-product  is  formed,  | 
C|,H,aO|,. 

Fixed  caustic  alkalies  and  alkaline  earths  convert  glyoxal  into  I 
glyooUio  acid,  e.  i/.,  CjH,0,+  KOU  ^^Cjll,KOj.  A  syrupy  solution 
oxal  heated  with  a  strong  solution  of  a<|Ui<ou8  ammonia  yiuKls  twoi 
line  bases,  glyoxaline  and  g  1  y c o s i n e  : 


Olyoxal, 


2C,H,0, 
Olyoxal. 


-H 


2NH,    =     r.H.N,     4- 
Olyoxallne. 


.3C,UjO, 
Olyoxal. 


CH,0,    + 

Forinlo 

KCltl. 

4J.-n,     =     (■„H,N,     +     611,0. 
Glycosioe. 


2^ 


OlyoryUo  or  OlyozaUo  Acid,  C',H,0,=('HO— CO,n,  is  fcrt 

oxidation  of  alcohol  .<is  jiliovu  described  ;  also  by  reducing  oxaiio  M 
zinc  aud  hydrochloric  acid  : 


co.on 


L 


OH 


+ 


H,         ^ 


COH 

I 
CO.OH 


+ 


1 


and  by  heating  diohlnracetie  acid  with  silver  oxide,  or  ethylic  di«!li 
tate  with  water  to  1211"  C.  (^48°  F.)  : 


CHCl, 
I 

L'o.on 


+        Ag.O      = 


cno 

COOH 


Wlien  conoenlralnl,  it  form't  a  thick  syrup  easily  soluble 
distils  undei^omposiMl  with  a<iueous  vajMir. 

Tlie  glyoxylatcs  contain  1  molecule  of  water  very  closely 
eepting  the  ammonium  »a/<,  which  U  anhydrous. 


I 


KETONES 


,  CHO,.NH,,  rrystnllixve  in  needles,  and  dissolves  easily  in 
Qver  nit,  C,IIO,Ag  -{-  H,0,  is  n  white  crystallinB  precipitate  ; 
It,  (C",1I(J JjCa 4"  i!M,0,  forms  hard  prisms,  sparingly  soliilile 

ttio  aoid  is  readily  oxidized  to  oxalic  acid.  By  boiling  its  calcium 
1  water,  it  is  resolved  into  glyoollio  and  oxalic  acids : 

2C,H,0,    4-     H,0    =     C,U,0,    +     C,H,0.. 

It   hydrogen  (xinc  and  hydroclilorio  acid),  it  is  converted  into 
|»cid. 

fUo  acid  is  both  acid  and  aldehyde.  Its  aldeliydio  nature  is  sliown 
firfX  of  reducing  an  ammoniacal  silver  solution,  and  of  forming 
itts  with  alkaline  bisulphites. 

L  C,II,Oj,  the  aldehyde  of  bntenn  glycol,  ia    polymeric  with  acet- 
L  and  is  formed  by  combination   of  two  miik-cules  of  that  body, 
iulluence  of  dilute  hydrtK^iiluric  acid  ;  thuH  : 

CH,.CUO    4-     cn,.CHO    =    CH,.CH(OH).CH,.CHO. 

(tare  of  acetaldehydo  and  dilute  hydrochlorio  acid  is  left  for  two 
it   acquires  a  yellow  color.     The  liquid  is  then  neutralized  with 
kU;  and  sitaken   up  with  ether  ;  the  ether  is  evaporated  ; 
rhich  remains  is  evaporated  in  a  vacuum, 
I  oolorless  inodorous  liquid,  of  specific  gravity  1.120  at  0°,  not 
rith  water.     On  standing   it   changes   to  a  viscid  liquid,  which 
priiired  out  of  the  containing  ves^<et.     In  a  vacuum  it  distils  Ix'- 
"I  C.  CZiYi-'  P.)  and   103O  C.  (2210  F.),   but    when    heated   under 
prc-ssure  it   givua   oflT  water,  and  is   cuuvcrtud  into  urotouiu 
Me: 


(;h(OH) 

I 

Clio 


=        H,0        4- 


CH, 

}„ 

II 
CH 

Clio. 


im  silver  from  the  ammonio-nifrate,  and  when  heated  with  water 
tr  oxide,  is  converted  into  0-oxybiityric  aotd: 

1  CH,.CH(0H).CH5.C0(0U). 

f  rilj.COH 

Mnlo  Aldohyda,  C,n,0,  :=  I  ,is  aliquidsoluble  inwater, 

CHj.COII 

;»•  2111— aiatiC.  (3!>3.S0-3!I7.40  F.).     By  oxidation  it   is  con- 

^Horoial  oxyisobutric  acid  and  succinic  acid. 


KETONES. 


H  Vidioi  contain  tUfl  group  CO  associated  with  two  monatomio  aloo- 
'  ties,  which  may  cither  be  the  same  or  different,  i!.  g., 

Melhyl-etliyl'kctone. 


DIn'lliyl  keloDC  or  acetone. 


1  ne  Ketones  oi  lou  group,  imnMiniiig  two  ^awiiiiiia  v  i 
hol-radicle,  are  prndnoed  :— 

1.  By  tlio  action  of  carbon  monoxide  an  Bodlom  «UtIde 


CO        +        2NaC.Ha,+,        = 

Na,        +        CO(C 

For  example  :— 

CO        +        2NaC,H5        = 
Oftrbon              Sodium-etbrL 
moDoxide. 

Na,        +        <»(C 

2.  By  the  action  of  zinc-methyl  and 
rides,  C„H„_,OCi ;  e.g..— 

ita  homdognM  on  t 

Zn(CH,),     +      2coon,a      — 

ZlDo  methldeL              Aoetic  chlorld*. 

ZnCl,       + 

3.  By  the  oxidation  of  the  aeoondary  aloohola ;  thna  i-^ 

CH(CH,),.OH       +        0       —       H,0       +        CO 
ItopropylalooboL  Ai 

4.  By  tSe  dry  distillation  of  the  oalcinm-aalta  of  the  fittty  i 

C"|o(COCH;)    -    COCaO.    +    CO(CH,). . 
Oalelum  acetate.  Oalslum  Aaetone. 

earbonate. 

The  ketones  formed  in  this  manner  lh>m  the  snoOMttre  nu 
fatty  acid  series  differ  from  one  another  by  twice  OH,;  thna : 

Acetic  Mid        .  .  C,H,0„  yields  Acetone    .  .  C, 

Propionic  acid  .  .  C,H.O„       "      Propione  .  .  C, 

Batyrioaoid      .  .  C.H,Oj,       "      Bntyrone  .  .  ^ 

Valeric  add      .  .  C,H„d„     "      Valerone  .  .  t, 


KETONES. 
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■tton  of  altlftij'ilis  hy  distilling  a  mixture  of  a  formatu  witli 
uOinr  fatty  auiil   (p.  tlUS),  in  a  particular  caao  of  tliLt  lust 


c  also  fdrniivl :    5.   \W  tlic  grradnnl  oxidation  of  tho  acids  of 
U*,  I  ,,ll:,0,,  with  I'liruiuic  aiid  uiixtui'V  :— 

11,0   +    (ny/-o. 

Ulaiclliyl  kctuoc. 


irisubuljrno  Mid. 


+     0     =     CO,     + 


tho  action  of  nlkalipH  on  tlip  (<arl)o-kotonic  acids  (7.  r.). 

tlio  dry  distillaliuu  of  wood,  sugar,  and  many  otliur  carbon 
Id*. 

keton«  is  isomnriowith  an  aldch.vde  belonging  to  the  same  aerit^; 
rrtonc  i»  isomeric  with  ]>i'uiiionie  aldehyde,  C,Hj.C'01l  ;  bntyrouo, 
•f,)p  with  ii'uautliyliu  aldehyde,  C,ll,j.COU,  etc.  Funuic  ocutouu, 
I  ideiilie4il  with  fpriuic  aldehyde. 

cs  are,  for  the  moet  part,  vol.itile  liquids,  insoluble  in  irat«r,  and 
able  of  reducing  an  auiuioiiiaenl  silver  Holutiuii.  Thrise  in  which 
ip  CO  Is  asso<'iate<l  with  a  iiietliyl  pripup,  reseiulilu  the  aldehyilea 
iug  eryatalliue  u»nijK>uiid!>  with  ulkuli tie  bisuljihite!<,  from  which 
lie  iiuiy  be  libt^ratcd  by  iliiitiUation  with  an  alkali.  Ketones  ditfur 
lehyliw  :  1.  lu  not  Itciug  converted  by  oxidation  into  tho  eorr»- 
{  acids. — 2.  Ill  K-inj;  converted  by  nascent  liyilrogen  into  gecond- 
kioU,  whereas  the  aldehydos  are  cuuvertud  into  primary  alcohols. 
iMniiig  with  aniline. 

II  of  am-oiiilary  iiliMliols  by  hydrogenation  of  ketones  ia 
.,  i-  ..  :=iunll  amount,  with  a  condensation  uf  two  kutono  uolevulua, 
;  ia  the  fortu.aliou  uf  a  diatomic  alcohol  (n  pinacone);  e.  g. :— 

^  (cn,),.r.ou 

■  (cn,),.c.ou 

^1  Acetone.  Pluacune. 

Klike  aldehydus,  unite  with  hydrogen  eyanidr,  forming  cyan- 
^  acetone,  for  example,  yielding  (CH,),C<^|.^  ,  which,  by  thn 
'  ariiU  or  alkalies,  may  be  conrert«d  into  the  oorreeponding  ozy- 

re  not  oonrertiblo  by  oxidation  into  acids  containing  the  samn 
rlion-atoms  as  themselvw.  When  boilwl  with  chromic  acid 
hey  deeomjMise  in  such  a  mnnner  that  the  gronp  C'O  separates 
nation  with  the  lower  alcohol-radicle,  and  forms  an  acid  ;  while, 
her  radicle  is  a  primary  radicle,  it  is  likewise  oxidized  to  an  acid, 
ir  ISO,  according  to  the  constitution  of  the  radicle  ;  thus  : — 


> 


f 

■^"•^>C0 
itoiiuiyl 


CO    +     O. 


+     0,     = 


CH,,CO.OH 
Acetic  aoid. 

CHj.ro.OH 
Acetic  Held. 


+     Cnj,(CII,),.C0OH . 
Butyric  acid. 

(rn,),rH.cnou , 

Itobutyrle  sclil. 


tho  oHifT  hand,  the  liiirhcr  radicle  is  secondary,  it  will  be  oxidized 
>ne,  which  will  be  further  spill  up  by  oxidation  : 

nr- 


,>co  +   0, 


cHj.co.on  + 

Anetln  aeld. 


(CH,),CO; 
A.eetono. 


57" 


lii>l-r.iiliiilo,  are  produowl  :— 
1.  Ify  tliu  aotiou  of  carbon  r 

lo^iU'S  :— 

CO        4-        2NaC,H^.- 
For  example : — 

+ 


'  .aMiobromopropene 
,    HC!    +    CIIj.CO 

.  :ixii!iinfr  tlio  vapor  c 

M..i  rmtiK'AS,  ami  by  t 

,^^j-.  starch,  gum,  and  v 


CO 

Carbon 

monoxide. 


2N 
SodI 


2.  By  the  action  o 
ri.l.s,  0„n^_,OCl ; 

Zn(Cn,),        + 
Zino  metbide. 

3.  By  the  oxM 

cn(CH,),.     ;*■ 

laopropjl  •) 

4.  Byt&ed 


«<« 


..■■':.■■ --V  diHtillation  of  acptat 
■^■••'■_.  .-ni.renit'nt  for  the  purpo 
- ..  ■'.■v;.„».i:3i  carbonate,  and  after 

'*",',■  '.lipid  li<mM.  of  peculiar  c 

'',i^'':.  VO.  (131.9^  F.):  tbedi>n* 

.  ^iV'"  ,.<.«<"  la  very  inllanimabh>,  an 

■  J(t',.  (,.  ill  proportions  with  wati 

....     IMO  pseudopropyl  alcohol   (' 
/f!^'~.k  Mvtont!  doubhii  its  molecub' 


■y. 


fc--"- 


% 


TheketO!  ntP   ^fly''^'                       Actic  «cld.           Foriuli 

atty  acid  ^■  ^^  ^^  ^^^j/anir  arlrl,  water,  and  hydro< 

Aef  «»«W>' '"•■■•-!"'"'"  (nci'tonic)  acid  : 

lr<  J*"?*!""*"  (flA  +   211,0  +   nn 


Va 


Nil 


^jro 


^l'Hj)/"t)H.COOH. 
M.  scetoni-  is  rnnvertod  into  ace  to 
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T,  boUing  at  llOO  C.  (:M«.20  F.),  uid  <>mit- 
'.  (low  u(  te«ra. 

Iicgu  tliore  are  two,  riz, : 

rFljCl.CO.riLCI  . 

SymmetriCAL 

ect  chloriiiatinn  of  occrtoni^,  is  an  oily  liquid, 
'»t  21°  C.  (tiy.bO  K.>,  aiid  Iwiling  at  1211^  C. 

lification,  obtained   by  oxidation  of  Rymmctricai 
iHUll.CHjCl,  iTV.italli/iM  ill  rlioiiiliic  j>lati'»,  mvlts 
,  Slid  Ixiilii  at  1";^-1740  C.  (341.liO-345.2C  F.). 

Pprodnot*  of  Acetone. — When  acetone  is  3ubJ<<rted 
'ehrdratiiig  agiMits,  Bucb  an  suljihuric  acid,  quiolc-liiue, 
^drocliloric  aciil,  two  or  more  molecules  of  it  unite  to- 
atiou  of  water,  to  form  a  <:ondeusatiou-prodact ;  thoa  : 


2C,II.O 
3C,n.O 


—     ILO 


Medtyl  oxMe, 

2n,o    =    C,H,.0 
Pborooe. 


)dlcs  are  beat  propared  by  Ratnrnting  acetone  with  gaseooii  hydro- 
iride,  leaving  tlie  liquid  to  itself  for  some  time,  and  treating  the 
With  ali-ohnlic  iKilonh.  Un  dilution  with  water  an  oily  liquid  is 
',  rongistinv  of  mcaltyl  oxide  and  phorouo,  which  may  be  separated 
ional  dislillalion. 

tfl  Oxide ,  y>|;>f:^rH.CO.CH„  U  a  colorless  oil,  smelling  like 

itnl,  and  U.iling  at  130^  C.  (2B60  F.).     Treated  with  plinnphorus 
loride,  it  is  oouverted  into  the  chloride,  CgH,,fl,.     By  boiling  with 
Iphuric  acid,  it  is  niiolvisi  into  two  molc«u!e>i  nf  acetone, 
omi-rlo  OMiu|Hiuiid,  eitlleil   Metacetnne,   is  furmini   by  distilling 
Ith  liuiu  i  it  is  a  liijuid  boiling  at  t>40  C.  (183.20  F.)- 


^ 


pnt,  CH,.0,  prol>at.ly  '["JHc-CH  —  C  /yCn—CO—CTl, 

'''  VH,  — 


This 


rstallizcs 
J»63C.  f 
mter,  nil 


v.'llDwish  prisms,  melts  at  2SO  C.  (82.40  p.), 
•ind  when  Ixiile-l  vritli  dilute  sulphurio  acid 
vitil  into  3  molecules  of  acetone: 

c;n„o  4-   211,0  =   3c,n.o. 

Bliorono,  produced  by  b.-atiug  aeotnne  with  quick  lime,  and  cam- 
■pii«,  ..Llained  from  caini.I,„ri<-  n.i.i,  appear  to  bo  isomeric  with  the 
DbUuted  aa  above. 

p»  h«atml  witli  stronc  nil/ihurl,-  nriH  yields  a  distillate  of  mes  i  ty- 
t  r  I  m .!  t  h  y  1 1,  e  n  »  e  n  e ,  a  Innly  belonging  to  the  aromatic  group  : 

30.11,0   =   3n,o  -f   c,n„. 

Iltno  bo.ly  is  f.innml   by  the   aclinn   of  sulphuric  acid  on  plinrone. 
ttoniM  heat«vl  with  sulphuric  acid  likewise  yield  derivatives  of 


I 
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and  if  Uia  higher  rndiolo  is  tertiary,  anoh  as  C(CHJ„  it  will  bt  lntiM>| 
diately  split  up.* 

Dimethyl  Ketoae.— Acetone,  CO(CHj)..— Tti''  — ,.,....->  .  'mmd^ 
1.  By  till-  dry  Jialilliitiun  ol  iio.hiles. — 2.  Uy  iixiil:i  iVli" 

ooho'l. — 3.   liy  the  aoliou  nf  WUI..T  at  180Q-AK.IOC.  V  _-    ., 

toue  ohloride  or  bromido  (p.  519): 

cn,.cci,.cn,  +   h,o  =>  2nci   4-   cnj.co.cn,; 

or  on  propoiip  chloride  (or  bromidiOi  rH,.CUri.C'n,Cl  (in  which  cutj 
riKiUs'iilur  Inin.spoaition  or  11  ami  CI  must  bu  supposod  to  take  pltM  i 
thu  &nt  in8tanc4<),  or  on  mouucliloro-  or  luonobrumopropena : 

CH,— CCl— Ctl,    +     H,0    =     nCI     +     CHj.CO.CH,. 

4.  Togpther  with  other  products,  by  passing  the  vapor  of  si 
acid  through  an  irou  tulxt  hc^atl.<d  to  dull  rt>dnl^ss,  and   bv  the  drjr 
lion  of  citric  acid,  tartaric  acid,  sugar,  starch,  gum,  and  wood : 
onMira  In  crudu  wood-spirit. 

Acetone  is  l>ost  pn-parnd  by  the  dry  distillation  of  atwtatcs,  theealtii 
or  the  lead  salt  IwiiiR  the  most  convenient  for  the  purpose.     Thr 
distillate  is  saturated  with  potassium  carlionate,  and   afterwards  ri« 
in  a  water-bath  from  calcium  chloride. 

Pure  acetone  is  a  colorless  liuipid  liquid,  of  peculiar  odor:  it 
density  of  0.792,  and  boils  at  uS.iOf.  (131.9i^F.):  the  density  of  iU 
(referred  to  air)  is  2.022.  .Acetone  is  very  inflammable,  and  burns  witli* 
bright  flame  :  it  is  miscible  in  all  proportions  with  water,  alcwhol,  ai 
ether. 

.V<Mcen(  Ayrfro,7en  converts  it  into  pscudopropyl  alcnhol  (p.  676);  bottt 
the  same  time  a  portion  of  the  acetone  doubles  its  molecule,  and  likritiK 
takes  up  liydrojjen,  being  thereby  oonvexted  into  a  crystalline  soliStancc 
pinaoone,  t',H,,0,  =  2('jtl,0 -f- H, . 

Uy  oxidalian  with  chromic  a<id  luixtnre,  acetone  is  converti-d  u\U>  »««tl» 
and  formic  acids,  thu  latter  being  for  the  most  part  farther  uzi>li>i^ 
to  11,0  and  CO,  . 

CHj.co.cn,  +   o,   —   cn,.co.on   +    h.co.oh 

Acctoaa.  Acetic  aeliL  Formic  acid. 

Aootone  treated  with  /lyrfrocf/oniV  nciil,  water,  and  hydroohlorio  teA  * 
converted  iuto  oxy  isobuty  r  ic  (acetonic)  acid  : 

(CH.),CO    +     CHN    +     2H,0    -f     HCl    =    NH.Cl    + 
(C11,),,COH.COOU. 

Bv  phnophrmii:  pentaeMonHe,  acetone  is  converted  inf/i  acetone  .hloriai 
or  methvlchloracetol,  CH,.CC1,.CIC, ;  similarly  with  TBr,.  Wil> 
r,S.  it  forms  thioaretone,  CH,.CS.CH,,  a  yellowish  olTensive-smrUioJ 
liquid,  b<iiling  at  1830-18.10  C.  (3G1.4CX-305O  F.),  insoluble  in  water. 

Chlor-  and  Brnm-aettonti — ^Thesc  compounds  are  formed  by1» 
dlro<-t  action  of  chlorine  and  hromine  on  acetone,  and  in  other  way*. 

^fn„n<■hlnrnr)■lon^.  CH,.rO.CIT,n,  is  formed  by  passing  chlorine  into  a*" 
ac<>tone,  and  by  the  action  of  hyiKK;hlorouB  acid  on  raonooUloro-  or  mow 
bromopropene : 

en,— cBr=CH,  +   cion   =  HBr  +  CH,.co.cn,n. 

•  See  Walls's  Dictionary  of  Clicmlitry,  Sil  Suiiplemeot,  Til. 
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It  (s  ■  liquid,  insoluble  in  vat«r,  twlUnx  at  1190  C.  (246.2°  F.).  ftnd  pmiU 
Uii(;  vapura  wliicli  oxcitv  a  copious  dow  of  Uiara. 

VicUoractioaet,  CjU^CljU. — f)f  llie»«.<  lliore  are  two,  vit. : 


CH,.fo.rnci, 

I'aiymmetrioal. 


arid 


cn.ri.co.ciLCT . 

Symmetrlcnl. 


Tlt4>  fonnvr,  jtroitucnl  hy  diriMt  chlorination  of  a<M^tone,  is  an  oily  liquid, 
harinK  a  duusitjr  uf  l.'h^i  at  21°  C.  (<;9.bO  ¥.),  aud  boiling  at  120^  C. 
(24W  v.). 

Th<<  a^-mmi<trirAl  modification,  obtaintKl  hy  oxidation  of  symmelrical 
dicliliirlivdriii,  (.■H,C1.CH<)II.('1I,C1,  crvxlalliies  in  rlumiliic  jilales,  uiulla 
at  -13^  V.  (Hi'.».40  K.),  ai'd  buiU  at  17i:'-'-l"40  C.  (341.GO_34i-,.-jp  p.), 

Condenaatlon-prodaota  of  Acetone. — When  ao'tone  is  jubj<<ct«d 
U>  Uip  action  of  dvli.vdratiiig  agiMit-i,  uucli  as  sulpliuriu  avid,  quick-liuie, 
alnu  cliloride,  or  liydtuclilnrio  acid,  two  »r  more  luulcouK-s  of  it  unite  to- 
g«U»5r,  Willi  Separation  of  watur,  to  form  a  voiiduiisatiuu-product ;  thus  : 

^  2C,H,0    —    11,0    =    t;ii„n 

^^^  MMllyl  oxlUe, 

^Knt 
^Bfrac 

j     Met 


3C,H,0    —  211,0    =    C-,H„0 
Fboruufl. 

I  bodies  are  bnat  prepared  by  sattirnting  acetone  with  gaseous  hydro- 
chloride, l<-aving  the  liquid  to  itself  for  some  lime,  and  treating  the 
lucl  witli  .ilt^iliiilii'  init.-utli.  On  ililntion  with  water  »u  oily  liquid  ia 
Ined,  ronsietiu);  of  mrsityl  oxide  and  phorone,  which  may  be  separated 
pactional  dibtillatiun. 

Meiitgl   Ojide,  {j'^CTTCH.CO.CHj,  is  a  colorless  oil,  smelling  like 

111.  and  iK.iling  at  1300  r.  (2663  F.).  Treated  with  phnsphorus 
.ri.l...  it  i*  wuvrrtcil  into  the  chloride,  C,U,,CI,.     By  Ijoiling  with 

id,  it  is  ri-solTiM  into  two  moleou'.eD  of  acetone. 

IKiuuil,  <alled  Metnoetone,  ia  ftirmifl  by  distilluig 
111  ii.i... ,  11  ia  »  liquid  boiling  at  WO  C.  (1S3.20  F.). 


^Phorone,  r,n„o,  prohabiv  [I»/;>c— CH— c  /'Cn— co-cn. 


CH, 


-Tills 


[  body  cryKUllises  in  Inr^re  yellowish  prisms,  melts  at   2K0  r.  (82.4C' F.), 
bolls  at  llttP  C.  {:<H4.«0  F.),  niid  when    l«i||i..l  with   dilute  sulphuric  acid 
up  water,  and  is  resolved  into  3  molecules  of  acetone: 

c,n„o  +   2H,o   =  3c,n,o, 

.  horone,  proloced  by  heating  acetone  with  quick  lime,  and  eam- 
oroiie,  olitaiued  from  oamphi.ric  acid,  appear  to  be  isomeric  with  the 
DIM  obtained  as  abore. 

etiinn  heal4>l  with  utronR  m/,,/,iinV /jcW  vield."  n  distillaleof  mesify- 
«>r  trimethylbcnxrne,  a  IrhIv  btdonning  to  the  aromaUogronp: 

3r,n,o  =  3n,o  +   r,H„. 

(body  is  forme<l  by  the  action  of  sniphnric  acid  on  phorone. 
htjakxl  with  sulphuric  acid  Ukewise  yield  derivatives  of 
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Acetonamines.* — Acetone,  ti«Bted  with  amnaonitt,  yipl<U  *  mistar*^ 

tlirtt'  linscs,  tliu  ouin|Hmi(iou  and  luodu  of  lonuatiuu  of  vbiob  are  iltdti.-i 
by  the  folluwiiig  fonuuls: 

Dinoetonainine,  (:,H„NO    =    2C,H,0    +     NH,    —     H.o. 

Trittctoimiiiint.,  r,U„NO     =     3C,U,0    +     NU,    —   Ull/t^ 

DBhydrotriaoctonaiulue,  C,U|tN        =      C,II„NU  —     H,IJ|^ 

Oiacrlonainine  is  the  chief  jinxluot  obtained  at  a  in' 
is  lH»t  |iri'par<nl  by  poiisiiig  dry  niiiinniiiu  gna  iiilo  a  tltuk  ' 
in  u  slnlu  of  gi'Ullu  ubiillitinn.     It  is  n  CDlorb'it  liquid,  I 
tiincal   iKlnr  nud  atmug  uticaline  ruuction  ;  uiixi-s  in  all 
wutor,  alojliiil,  and   <<lliiir,  oxiciixos   and    turns   brown  oij      .., 
iLir ;  furniB  crystallinf  Kalt«  willi  hydriH^liliiric,  Kiiljiburic,  and  uxalic  i 
the  /ila/ifitKliliiriilr,  J((.',H„NO.HCl).HtCl,.  cry8talli«f»  fnim  walur  inoi 
yellow  nionoc'liniu  priaiua  c^mtaiiiing  2  uiuli'culc^  II^O. 

TriiicetoniiMiiiie,  C,iI,,NO,  is  the  ohii'f  pnnlucl  olilaincd  at  highi«r  !«■ 
rnturra,  and  is  W-flt  jiri'parod  by  boiling  diucotonaininp  with   :' 
llask  111 IihI  with  a  ri'VitrsiKl  (xiudeiisfr.     It  cry»lalli«i>H  in    Im 
sqnarv  Inbli'ts  or  bmg  iiiiiHlii-fi,  linviiig  a  faint  aninpt 
odor,  and  moiling  at  3!l.(i-'C.  (10a.3O  P.).     It  di^ 
alcohol,  and  ether  ;  the  aqiifous  solution  has  a  hIi 
It  may  \m  partly  volatilixed  witliont  ilwonipositinn  .r 
at  higher  lempernlures.     The /lyrfmc/i/Drie/i,  CjllpNi  i  ;« 

alcohol  iu small  necdlnh.    TUv jittiliiinrlduriiU,  '.IC^il ^,}ii  KiHl )  A'i*  I ,  -^■  ^ 
turnis  tuftaof  lunggulden-yulluw  ut*udle«,  cunily  soluble  iu  nalor,  sporluj 
in  alcohol. 

An  iinoryBtallir-nbtc  niodifiivilion  of  triarc|f>r>-— "■  ■    -.m.^   ;, 
tnnamine,  is  eontaimvl  in  the  mixture  of  l< 
aininotiia  on  acetone.     It  forms  a  crystallini- 
2U,0. 

Dehydrot  ri  acptonani  ine  ,    r,llnN,    is   nbtnined    li_v    <li-iiil| 
la»t  inothi-r-linnor  of  Ihe  s;inip  erntle  product  with  potash  .    it  fxriu 
tiuum  suit,   2(C,ll,(N.Iiaj.l'tCI„  which  crystalliivo   in  ubiiijua 
prisms. 

Dchy  d  ropentacel  onaroine,  C,jn,,N,  is  oblnlnixl,  amoDgst 
products,  by  heating  triacetonamiun  with  hyUmehloric  acid  : 

6C,n„N0     -f     2Hn     =     3r,4n„M    -f     2NU.CI     +     ftH.O. 

Tlie  hydrochloride  forms  small    cnlorliM»»  crystals,   slightly  solahl*] 
wnler.     The  fri'e  ba.«(t  sepnrat«s  as  an  oil  on  uldiiig  an  alkali  to  ibei 
tion  of  Ibe  hydrochloride. 

Methyl-athyl    Ketone.   r.ll.O  s=  i"0<{.'|{    ,  t»   formed! 

By  oxiilation  of  secondary  butyl   alcohol.     2.   By  the  action  of  llllf4 
on  acetyl  chloride,  nr  of  rinc-inethvl  on  propionyl  nhluHde.     3.   Mr  ik.. 
Una  a  mixture  of  propionate  and  lii-etale  of  calcium.     4.  By  o&l<laU<A  | 
methyl-ethyl-oxalic  acid  (see  OxAUO  ACID)  r 

^if.><^<^,n   +   o  -  CO.  4-    r^     •    ^'^--. 

*  HalDlx,  T.I»M(N  AnBsl<>n,  rl<«lr.    'yiinlxxTlii    S».  ^T^i  >-l\x»tU   ITCJ 
Bok-oloff  suit  L.S  I  tcM  an  rr  -Orui.  Okm.  Um    B<-r  ftl   ItM  ] 
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5.  By  Ihe  acliou  of  alkalies  on  etliylic  acoto-AoeUte  (see  Cabboketoxic 
otas): 

<;^  +2K0Hr=C0<^      '       4-C0,K,  +  C,U,{0H). 

^H:fl(CU,).C0,.C,H4  ^XrHjC" 


CO 


,CU. 


It  is  »  fra^^rant  liquid,  of  Bpnciflo  gravity  0.612  at  130  C.  (S5.4P  f.), 
"boning  at  810  C.  (177.0^  F.)  ;  uiiiti«  with  acid  sulphites  of  alkali-metals  ; 
jK'KIa  by  uxidalioii  two  inoloculoe  of  at<?tic  aciil. 

Th«  higlier  meiulwrs  of  thu  series  admit  of  igonu>rio  modifications,  the 
funuula,  <"jH,„0,  iiieludiug  three,  ami  C,H|.jO,  six  iaomt>ric  ketone. 

The  table  (p.  tiS2)  oxhibils  the  gpecifiv  gravities,  boiling  points,  and 
jiroduots  of  oxidatiou  of  the  best  known  ketones  of  the  series. 

'tu/uMrfy  Ketone,  CH, — f'O — C(rn,)„  is  probably  the  compound 
uaenlin,  formed  by  heating   pinnconi',  C,I1|,<1,  (p.  <iOS),  with 
(I  viiKiriiloriu  or  dilute  sulphuric  nvid.     It  is  likewise  formed  by  the  action 
■  of  ilnc-methyl  on  trimethacetyl  uhloride  ; 


2co<j:< 


(CH.), 


+    Zn(CH,),    =    ZnCl,    + 


2C0<^1^"'^' 


CUj 


pnt  hrdrogpn  cnnrcrta  it  into  pinaoolyl  alcohol  or  methyl-katahutyl 
inol,  C(CH,)j— <H<iH— ril,  (p.  589). 

MHdi/l.nmyl  Krimu,  CII;,^ — TO — C,n„,  is  the  chief  oonstitnent  of  oil  oi 
|ni«,  and  may  be  extracted  therefrom  by  agitation  with  acid  sodium  sul- 
Iphit".     It  is  formed  artificially  by  distilling  a  mixture  of  calcium  acetate 

',  rntat<< ; 


i.co.rn, 

i.CO.CH, 


4-     Ca<r^-^*''^»"'»      = 
-h      «-»<^xO.C,ll„ 


=      200,08     -f     2C0 


It  is  mn  oily  liquid,  with  a  bluish  Quureaueuce,  sulidifying  at  low  tumpera- 
Utt«  to  a  laminar  nuus. 


ess 
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Dlmetliyl  kctonr, 

c.n.o 

Methyl-etfaf  I  krtoiip, 
0,H,0— CO 


•^"(cg; 


Methyl-proiijrl  ketone. 


-'s(C'H,»(0,Hi)    •••• 
a.  Hathyl-liopropjrl  ketone, 

^"    OHiOH.l,       •••• 
>.  Dlstliyl  ketone  or  proptone, 

Kelonti,  CoHrtO  i 
I.  Methyl-bulvl  ki'lonc, 

*'''^\(('ll,l,CH,      

S.  JUethyl-ltuliiityl  ketone, 

*""    CH»nH(tm.)," 
S.  Melhyl-ki%tAbutyl  ketone, 

*^.ViVH,),  

4.  Ethyl-propyl  ketone, 

I  ^"    (U'H.i,(CH^   

X«r«nM,  C,H,,0: 
1.  Dlpropyl  ketone, 

i.  Di-tiopropvl  ketone, 

5.  DlethylKceloae, 

no    ''"« 

4.  Methyl-pentyl  ketone, 
I'H, 


OO 


Mii 


Metbf  l-hexyl  ketone, 

O.H,.0-00     g=;  , 

Ol-Unbutyl  ketone  or  vnlerone, 

C,H,.0-00(0,H,),  ....' 

Kflonn.  OnUgO: 
1.  Dl*niyl  ketone  or  cuprone, 

CO(O.H„),  

S.  Melhyl-nnnyl  ketone, 

Dlhexyl  ketone  or  lenKntlionc, 

Dlheptyl  ketone, 

OuH„0-CO(0,Hu), 
Ulnonyl  ketone, 

0„H.O-00(0,H„), 


BolUng  point. 


SpeetBe 
fr»«lty. 


fe'c. 

(lSa.4>  F.) 

81"  C 

(U7.S°FJ 


M-10)°  C. 
(»0.3-XU.to  F.), 

(a».a°  V.) 

(1U.«°  F.) 


WO. 

(SdO.tP  F.) 

114"  O. 

(W.r  v.) 

I(W>0. 
(SSJ.8"  F.) 

iJ8»a 

{aiii.4''  F.) 


14400. 

(ai.t"  F.) 

1SS-1J4'0. 
(US.4-2M.1''  F  ) 

ts:-'.i»'0, 
(«T8  (t-aiio  F.) 

ini-812.S>F) 

171°  O. 
(«».«»  F.) 

i«aoo. 

(3W.8'  F.) 


(4a'  F.) 

(tlT"  ¥.) 
(4»l<'  F.) 

«go<>o. 

(»S0<>  K.) 
WPO. 

(aea<>r.) 


0  SI4  itt  e«  c. 

(<»  »•  F.I 

OJIS  «t  i»o  o. 

(65.4'  F.J 


0  WT  ftt  ISO  O 

««.«o  F.) 

OHIO  at  l«o  c. 
(»  4'»  F.) 

O.IIS  Itt  SOO  C. 
(«»  *.) 


out  at  00  c. 
0.819  >l  0"  a 
0.823  At  00  U. 
0  Sj»  at  0°  O. 


on  at  SOO  O. 

(IliOF.) 


0.81  T  at  ISO  O. 

tn  V  I-.) 

0.813  at  9)0  O. 
(tflo  F  ) 


0.8»  at  M°  O. 

(8«OF.l 


a<l( 
Ae«Uo4 


Melting  point 
WC.  lAoF.] 

.lO-'O. 

(80°  F.) 

40on. 

OW  F.) 

MO  C 
(IM.40  F.) 


Butyrle 

plonle 

I*ohulyrl< 
acetic  act 


4cetle  am 
valeric 


Acetic  a^ 
aeldi. 


Aeello  I 
goulc 


OROAWIC  ACIDS. 

^scida,  or  Carbon-acids,  oonlaiu  tho  univalent  group,  COOH  or 

OH  (called  csrboxyl  or  oxatyl),  IinkL<d  by  its  free  combiuing 
ith  a  hydrocarbon  rwidue,  and  llioy  may  Iw  regarded  as  derived 
^drocorbons,  satnrateil  or  unsaturated,  liy  the  sulMtitutiun  of  una 

of  tbea«  anivaluut  groups  for  an  eiiual  number  of  by  drogen-atomu ; 


from    CR,  are  derived  CU,— CO,H 


Melhane. 

C,H. 
Etbaoe. 

Propcae. 


Aoetlo  acid. 

CjHj.COjH 

Propionlo  Nflid. 

C,H,.C<\H 

Crotoolo  AciJ. 


and  CH.<^«.« 

Maloiiic  ncfcl. 
Suocinlo  aoid. 
Citrftooolc  ftcld. 


ny  acids  are  furuied  by  oxidalinu  front  primary  alcohols,  the  B|  of  the 
•  CU,UI1  in  these  alcohols  being  replauud  by  U  ;  thus : 


AlctAols, 
CH, 

cn, 

CIljOH 
Propyl  nlcoboL 

CFljOH 
CH, 
CHjOH 
£  Propcne  glycoL 
CII,tlH 

ruoH 

CH,(M1 
Olyeerln. 


CH, 
CU, 
COOH 
ropioulo  add. 

CILOU 
.    CH, 

cokh 

e  Lnctic  Add. 
(lljdH 

(•mm 

(•()(»H 
Glyceric  actd. 


Acidi. 


COOH 
Cli, 
COOH 
Malunic  acid. 
(■(lOH 
(.'IKMI 
COOH 
OYytaaloDjo  add. 


id  may,  however,  contain  one  or  more  liydroxyl  groups  not  directly 

i  with  the  group  CO,  and  tho  hydrogen  in  three  groups,  as  well 

the  group  CO,H,  is  replaoeable  by  aluohol-railicles  (also  by  alkali- 

a)  producing  acid  ethers,  or  aloobolie  acids,  e.g.,  ethyl-lactic  acid, 

|6,IU— •■■H^^O.OH. 

ftoLal  number  of  hydroxyl  groupa  in  an  organic  acid  is  the  same  as 
of  the  alcohol  from  which  it  is  derived,  and  this  determines  the 
,icity  of  the  acid,  and  the  number  of  ethers  which  it  is  capable  of 
ag  with  any  given  alcohol-radicles  ;  thus  fl-lactic  acid,  tbnngli  it  con- 
only  one  atom  of  basic  hydrogen,  and  therefuri'  forms  only  one  cliuss 
'ill'.'  Kslts,  representcii  by  the  formula  CjHjOjM,  is  dintoniic,  like 
'  <>l.  and  can  form  two  otbylic  ethers,  viz.,  etbyl-tf-laotio  aoid 
I        .  i-0-lactat<>  or  othylic  ethvMactate  ;  thus  : 

cii.oCjHs  rn,oc,H, 

CH,  f'H, 

coon  cooCjHj 

Ethyl.i-lactio  DIethyllo 

add  (mono-  gluclnfe 

bnalc).  (neutral). 


CH.OH 

CH, 

CO<)H 
P-I.KdIa  aald 
(mooobftiiic). 
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From  these  coniidiTatioiu  It  appc&ra  that  moDAtnmit!  aid4«  ronal  l 

BRrit,v  bu  monobasic  ;   but  diatomic  nt'iils  may  be  eitl. <  or  kais- 

Bio:  Iriatnmic  aciils,  »'itb«r  monijl>a!>ic,  bibasir,  or  Ir  .a. 

Many  of  the  most  im(H>rtant  acids  are  derived,  in  : -S'ufe  i 

plained,  from  actually  kuuwn  alcoliolg  ;  others,  tlioiigb  ttiey  hnvi*  no  i 
hols  autually  o^rrc^iKHuling  with  them,  ore  homolo^uu*  with  other  i 
rivinl  from  kiiotrii  aleobuU  ;  but  tbt-re  is  aUo  a  i^mtiiderable  numlieri 
especially  those  formed  iu  the  vegetable  or  animal  organism,  wbii 
bo  regarded  aJi  derivatirra  of  alcoUola  of  any  known  serien  ;    but  tluti 
bur  of  these  unclassified  acids  will  doubtlestt  duuiuish  as  their  cnm]M»lll 
and  rua<:tioaa  buuome  more  thoroughly  known. 

Avids  may  also  be  regarded  as  oomjiuuniU  of  hydroiyl  wilii  nxygrna 
radicUuj  (acid  radicles)  formed  from  the  currc6^)Ouding  alcohol-radicle 
subiititution  of  O  for  U, ;  e.g-i 


c,H..on 

Etlijrl  alcohol. 

(",H.(0|I), 
Projicnc  glycol. 


C,H,O.OH 

Acetic  acid. 

t;,ii.o((»n), 

LiAOtlo  acid. 


MaIodIo  «cld. 


The  replacement  of  the  hydroxjrl  in  an  add  by  chlorine.  It. 
iodine,  gives  rise  to  acid  chlorides,  vto. ;  thus  from  acetic  oeiil 
is  deriveii  acetic  chloride,  (.",11,001,  etc.  The  replacement  of  i 
within  the  raillote  (radical  hydrngen)  by  the  eatne  elenienln,  or  by  i 
groupH,  CN,  NO,,  NH,,  etc.,  gives  rise  to  chlorinated,  br«iniiiinle>l,  rranatl 
nitrat<ttl,  and  amidatcd  acids.  Lastly,  the  re]>lncemeul  <  ^  ' 
or  ly/iic  hydrogen   by  aloobol-railiclea  gives    risi'   to  etln  ,,fi 

pound  ethers  :  and   its  replacement  by  acid  radicles  yui-i-  a<  u,  <ixida 
anhydrides  (p.  -IHI).     Tbe  derivatirei  of  each  acid  will  b«  dc»cnb«d  I 
oouuccliuu  with  the  acid  itsuIT. 


MoDatomlo  Adds. 


These  acids,  being  derived  from  monatomie  alcnbols  hy  •ubatlttiltMt] 
0  for  U„  necessarily  contain  two  atoms  of  oxygen.     Ka«h  aerie*  of  f    ' 
carbons  yields  a  teriea  of  mooatoniic  alouhols  and  a  aeriea  of  : 
acids ;  thus : 

Hfilroearlmns.  Aleoholi.  Adda. 


etc. 


etc. 


etc. 


Th« 

th. 

been 


best   known   tnonstomlo  »pM»  are   thnae  liebmcing  to 
■     '    "  „_,0,.  C.n,„^0,.  and  C.H»,_,.0,.     The  last  tw» 

^ronp.    Of  the  other  serien  only  •  few  tvnm  b«*a  hitl 


1.  Add*  of  the  Fatty  Serlea. 

<'.H*.f>.  -  t\+ii't..-rt"f»  =■  c.ii,„+,o.on 

Theae  acid*  are  called  fatty  nr  .Ad  Ipir  Acidi.  Uicanse 
are  of  an  oily  con>Utenee,  and  the  hluhef  niei :'  "  •' 

fata.     Tlie  folluwlu|[  l»  a  VUl  of  Uve  known  m<  i 
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lie  acid 

Bcill        .       .       .       . 

pionic  kcid     .     .     . 
jrric  ai-iil  (noriniil) 
eru;  ncicl  '• 

:l,hl 


'Peiiugv'uio  i«;jii  .      . 
Ljiollo  nr  Ctpric  acid 


'HA 
cy/.o, 

■■,.1",:", 


L.aaric  acid     .....  C„RmO, 

Mvristio  acid       .     .     ,     ,  t'i,llp,')j 

I'almitic  acid       ....  I'loM^D, 

Margario  acid      ....  (.'„llj40, 

iStvario  acid Cii.",i«"t 

Arachidic  acid    ....  C,oll«0, 

K»licniu  acid ^n"«'^ 

Cenitic  acid '^iiWm'-\ 

Melissio  acid ^'x^^m'^'t 


zaemWn,  from  raltrio  acid  upwards,  are  fiom(>timt<8  denoted 
ii.aling  llicir  nuiiilK^r  of  carUjii-atoiiis,  and  iii«  alculiols  fiom 
I  derivwl.  c.  j.,  /irn/oic,  hexoic,  lii-iiloii:,  etc. 
iiclea  ia  the  furiuula  C^H^    ,(UU)  may  Ije  regarded  aa  com- 
lof  earlMnyl  CO,  with  alcohol-ratliclns  :  C„U5„_,0  =  C'U(C„_,U^. ,), 
aod  aocordiugl/  tiin  several  acids  may  be  formulated  as  follows : — 

COH.OU  CO(CU,).OH  CO(C,Hj)OU  . 

ctlc.  ~ 


Formlo. 
&e  acids  of  the  series 


Accti 


ProploDle. 

containing  more  than  tlirce  carbon-atoma 
Uomuric  moiliflcatioii!!,  uccordiitg  to  tlii<  constitution  of  tliu  alcohol. 
rliich  tliry  cmlain  :  hatyriu  acid,  C(U,U,,  for  tsxamplv,  majr  ex. 
followiu;  modificatiuna  :— 

Ca,CU,CU,  CH(CH^, 

COOH  (OOH 

NormjU  butjrrlc  teld.  Uobulyrlc  aold. 

It    iL  in.'  of  tliesi!  acida   can    exhibit    modifications   analogons  to   the 

I  t«rtiary  alcohols :    because  in  them  the  carlion-atom  which 

.7ith  hydroiyl  ha«  two  of  ita  other  uniUiof  v<|uivalcnce  satis- 

b/  aa  atom  of  bivalent  oxygen,  and  tlierefore  cannot  unitH  directly 

•■lih  more  than  one  other  atom  of  carbon.     Accordingly,  it  ia  found  that 

v  anil  tertiary  alcohoU    ore   not   converted  by  oxidation  into 

nc  the  .same  nuiubiT  of  carlxHi-atoms  as  theinsclveg. 

—Most  of  the  fatty  acids  are  found  in  the  bodies  of  plants  or 

in  the  free  state;   formic  acid  in  aiit«   and  uettlex  ;  valeriu 

.11    Miot;  pelargouic  acid  in  the   essential   oil  of  PeUinjimnim 

•  a<Tid  in  beeswax.     Others   occur  as   ethereal  salts  of 

,        itomio  alcohols  :  as  cctyl  palmitate  in  spermaceti :  eeryl 

x.>  iu  Ctiiiicae  wax ;   glyceric   butyrate,  palmitate,  atearato,  etv.,  in 

iml  (at«. 

fMii. — 1,  By  oxidation  of  the  primary  alcohols  of  the  methyl  series, 
■■  tif  csposure  to  the  air  in  contact  with  |>tatinum  blmk,  or  by  heatini; 
Willi   arj  ...        -     - 

an 

3.   Bv 

as  al' 


I 


•miic  auid. — 2.   By  the  oxidation  of  aldehydes.     In  this 
vgen  is  simply  added  ;  e.  g.,  0,11,0  (aldehyde)  +0  = 


r  carbon  d  ioxide  on  the  potassium  or  sodiam  compound 
•■  of  the  methyl  series  ;  thus  : — 

+         (•ll.,Na        = 

SfxUiim 
methide. 

Bx  beating  the  rthylate  nf  an  allcali-metsl  in  alcoholic  solution  with 
maooxiae  ouder  pressure  ;  r.  ij,, 
+         CO         = 


Cnrbna 
diovlde. 


Cn,.CO,Na 
Soil  i  II  m 
acetate. 


M 


C,H,.OK 
foNidaia 
«ib>i»l«. 


C,n,.CO.OK 
Fotitiolum 
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This  reaction,  bowever,  is  slow,  and  yields  bat  a  small  prodact. 
5.  By  the   action  of  alkalies   ur   acids  on  the   cyanide*  o(  Ute 
radicles,  C,H^+,  ;  thus  :— 


I 

CN 

Aleoholle 
ejraaldo. 


and 

Aloobolle 
sfsnlde. 


-     Kon 

PotasslQm 
Ijytlroxide. 


H,0      =      I  +     KH, 

Water.        PotAaKiuni.«alt    Ammonia, 
of  (atty  a«ld. 


-f-     nci     + 

Uydrychlorio 
acid. 


2II.O     = 
Water. 


C„II^+,.COH 
Polaaalum-aalt, 


In  this  manner  thi;  cranido  of  each  alcohol-radicle  yields  the  potaoiB 
salt  of  the  avid  nrxt  higli<<r  in  the  B«ries,  that  is,  containing  one  alom< 
carlMU  more;  mctliyl  cyanide,  for  exaioplc,  yielding  aoetio  add,  i  ' 
cyanide  yielding  propionic  acid,  etc.  ;  thus  : — 


CHj.CN 
McthTl 
cyaDlde. 


-I-     KOU     +     U,0 


CH,.CO,K 

Potaaalum 

acetate. 


+    NH, 


Cjn,o(on) 

Acetic  acid. 


6.  By  the  action  of  water  on  the  corresponding  acid  chlorides :  *.  $^ 

C.n.OCl        +        UOU        =        HCl        -\- 
Acetyj  oliluilde. 

Now,  these  acid  chloriil<»  can  1«<  produced,  in  some  instances  at  lejul.  1 
the  action  of  uarhonyl  chloride  (phosgene  gas)  on  the  c-ortvspundiiig  ] 
affius  i  thus  : — 

UCl        + 


Metliaae. 

C.H,o 
Butaor. 


+ 


coa, 

Oarbonyl 
chloride. 

C(tCl, 
I'Arbonyl 
ctiloridc. 


na 


C,H,OCl 

Acetyl 
ohloride, 

c.ii.oa 

Valcryl 
chloride. 


+  2(cn,.con) 

Aoetyicliloriile. 


By  these  oorohined  reactions,  therefore,  the  paraffins  may  be  conTci 
into  the  corres]>ondiug  fatty  acids. 

7.  Uy  the  action  of  phosgene  on  the  xinc-compounds  of  the  alo 
radicles,  whereby  acid  ctilorides  are  formed,  to  Ijo  subsequently  decompis 
by  water : 

Zu(Cn,),    +     2C0C1,    =    ZnCl, 
Zloo-methyl 

8.  By  dissolving  sodium  in  mothylic  or  ethylic  aretate,  adding  the  i 
of  an  alcohol  radiilo,  heating  the  mixture  to  \WO  nud  distillmK' 
mactidn,  which   is  complex,  and  will   be  more   fully  explained  beroM 
(see  rARno-KBTO.xic  Aciiis),  may  be  viewed — no  far  as  our  present  pur] 

is  concerned — as  cnnsisling  in  the  snlistitution  of  1  or  2  atomii  of  M«li« 
for  hydrogen  in  the  methyl-group  of  acetic  aeirl,  and  the  deoompusilMBii 
the  resulting  compound  by  the  alooholio  iodide  :  e.  g.. 


ClljNa 


Ethylic  aod- 
acelate. 


+     Cn,I     =     Xal     -f        I 


CH/CH.) 


CllNa, 

co,c,n, 

RIbyllcdt- 
•odaoetate. 


+     2CH,I 


2NsI     +      I 


(  0,0,113 
Ethylic  lucthyl 
acetate. 

rii(CH,), 


ro,r,H, 

Etbyllc  illmelbyl 
aoelattf. 


FATTY    ACIDS. 


687 


be  nwnlting  ethers  9inponifi»d  with  oatulio  potash  yMd  tbe  acids: 


CH(CU,), 

(•0,r,Hj 
EthyM(!  dimothft 
AcetAte. 


4-       KOH     = 


cn(cii,), 
c,HjOn   +    J 

CO,K 
Aloobol.       Olmellij'lncellc  or 
Isobutyrlo  ftold. 


yl-ac<>tic  or  normal  bntvrir  arid,  CH,(r,H.,) — ro,H,  and  other  mt^in- 

the  serii-s,  may  In:'  olilainod  in  a  similar  luunQcr. 
V  I'iglit  m(Kl>«  uf  formalifin  uImivp  givon  art<  geiu'ral,  or  capable  of 
ng  made  «o.  Thi-re  an*  also  special  mutbods  of  producing  particular 
acids  of  Ibp  si'riea,  but  in  most  of  tbfse  caaeB  the  reactions  cannot  be  dis- 
tinctly traivd  ;  thus  formic,  ac^-lio,  propionic,  butyric,  and  <raleric  acida 
«!»  produix-*!  by  tbe  oxidation  of  albumiii,  fibrin,  casein,  gt-latin,  and  otlii-r 
simitar  »ul«taucB8  ;  pro])ionio  and  butyric  acids,  in  certain  kinds  of  fer- 
meut^ttiiui  ;  .irvtio  acid  by  thu  do8trncti%-e  distillation  of  wood  and  other 
able  substances, 

if. — Most  of  the  fatty  acids  are,  at  ordinary  tcmperatnres,  trans- 

t  and  colorless  liquids  ;  formic  and  acetic  acids  are  watery ;  propionic 

(and  the  hi);her  adils,  up  to  pelargnnic  ucid,  are  oily  ;  rutic  acid  and 

above  it  are  solid  al  ordinary  tiniiiwratures,  most  of  them  being  crys- 

le  fata  ;  curotic  and  melissic  acids  are  of  waxy  cousisteucv. 

rioiM. — 1.    When   the  fatty   acids  are  submitted   to  the  action  of 
toxj/gcn  evolved  by  electrolygis,  tbe  carboxyl  (COOII)  c()nt.ilned  in 
is  n«olved  into  water  and  carbon  dioxide,  and  the  alcohol-radicle  is 
^set  free  (p.  492)  ;  thus  : 

2(C,11,.C0,H)     -f    O    =     H,0    -I-     2C0,    -f     C,H,.C,n, 
Tslerlo  acid.  Libutyl. 


CHj.rO.OK     -f 
Acelsle. 


lien  the  ammonium  salt  of  either  of  these  acids  is  beutcd  with 

te  iiriJe,  it  gives  up  water,  and  is  converted  into  tbe  cyanide  of  tbe 

liol-radiole  next  below  it ;    t.  </.,  amtnoninm  acetate  into  methyl  oyan- 

CH,— COONH,    —    2H,0    ==     CHj— CN. 
Sills  reaction  is  the  converse  of  the  fifth  mode  of  formation  above  given. 
By  distilliug  the  poLissium  salt  of  a  fatty  acid  with  an  ei|uivalent 
lUty  of  ;iorru(riuiny<>r;ruir<-,  tbe  corresponding  aldehyde  is  obtained  : 

H.ro.oK   =   cHj.ron   +    k,co,; 

FornintF.  Aldehyde.  CaroonAte. 

rw)  lh«  aldehyde,  treated  with  nascent  hydrogen,  is  converted  into  a  pri- 
[aia^  almbol  (pp.  fi58,  t>t>5). 

4.  By  snhjwting  tbe  barium  or  calcinm  salt  of  a  fatty  acid  to  dry  dis- 
'  tiilitloii,  a  similar  decnm|>osiliou  takes   place,  resulting  in  tbe  furmatiun 
one;   and  the  ketone,  treated  with  nascent  hydrogen,  yields  a 
>-  alcohol  (pp.  558,  677). 
iiy  tbf'se  reactions,  the  fatty  acids  may  be  oonvertwl  into  alcohols. 
b.  Tb«  fatly  acids,  heated  with  nlmluJa  in  sealed  tubes,  yield  compound 
•Uiort,  or  elbt^real  salts,   water  lK<ing  eliminated  : 

C.H,<>(OU)     -f     HOCHj    =     11,0    -f 


Itulyrta 
aofal- 


Kthyl 
alcohol. 


C.H/)(OC,II,) 

Ethyl 

batyratc 


&•  wnTairsloo,  however,  is  never  complete,  a  portion,  bol\i  ot  \^v«  v:\\ 
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and  of  the  ftlcobol,  remaining  unaltered,  in  what«Tpr  propurtion  l 
be  mixed  (p.  553). 

Tho  ethereal  balls  of  the  fatty  aoida  arc,  for  the  tuiist  part,  i 
olttainiMl  hy  aclin);  upon  the  aloobol  with  an  -  !  '     '  '  tIiIu,  or   by  pa 
hyiirwhlorio  aoiil  gna  into  a  solution  of  Iho  i  i  tlir  »liX>hol ; 

butyric  chloride  and  utliyl  alcohol  yield  eth^ _ie  : 

C.HjOCl    +     noCjH,    =-    HCl    +     C«B,0(OC,n,). 

Another  niolhod  yery  oomraonly  adopted,  la  to  diaUl  a  pot.. 

tho  fatty  acid  with  a  mixture  of  the  alcohol  and  strong  m. 

In  this  case  an  acid  sulphuric  ether  U  flntt  formed  (as  ethyl -BuIiliurisJ 

from  ethyl  alcohol,  p.  573),  and  this  sots  upon  the  aalt  of  the  fatty  f 

ill  the  niauuer  illustrated  by  Ihu  o^uatiou : 

S0,(H0)0C,1T5  +  C.II,n(OK)  =  C.H/)(Or,Hs)  +  8n,(OtT)(nB 
Etiiyl-aiilpburlo  PolitHlum  Ethjl  Aeld  pntaMlaj 

icld.  buryrste.  butyrtte.  •ulphala. 

The  ethereal  galls  of  the  ftitty  acids  are  . 
liquids,  or  orystallioo  solids,  for  the  most 
Bolablo  iu  alcohol  niid  in  ether.      When  dlalii<.  .i 
take  up  water  and  ;ire  tt.ipnuiUed,  Hint  is  to  Hiiy, 
bud  auid  ;  t.  g.,  ethyl  butyrate  into  butyric  acid  ui:  .        .     - ^1 

G.H,0(OC,Hj)     4-     HOH     <-    C.lI,0(OQ)    +    C'^i(OB). 

6.  The  fatty  acids  are  strongly  nctM  up-in  by  tlie  rUnriiUt, 
OX<ieJJoridea,  and  oii/bromidet  of  jtlmtjilumu,  y\><\>\ \n^  acid  c  li  I  o r  I  d  e  t  { 
bromides,  the  phosplioras  lN<in^  ul  the  lotue  tinu  oonvoricd  Intoj' 
plioroua  or  phosphoric  acid  ;  thus  : 

3C,H,OCOIl)    +    PCI,      B    po,n, 
3C,H,0(OII)     +     PCIjO    SI     I'O.ll, 


+ 
+ 
HOT 


+     C,HvOCt-1 


c,H,o(oii)   +   pa,  «.  pci,o 

Tlinsn  acid  chlorides  are,  for  fh«  rooel  part, '■" 
acid   r»»ior;  they  are  easily  decniip'.irt^*'!   by  ■• 

and  hydrochloric  acid.     Thf  ■' '• 

exposed  to  tho  air:  hence  tli 
exactly  similar  manner  nitli 
chlorio  aoid  and  a  compound  cliior. 

7.  Tlie  chlorides  of  the  acid  radicloa,  P^n^  +  lO,   act  vi..\,ntljri 
monia,  funning  auinioniuiii  cliloriile  ainl  tho corres]>ondlng  am  Ida*,  i 
chloride,  for  example,  yielding  auvtamide: 


C,H,OCI    4-     2Nn, 


Nii.a  +   Nii,(c,n,o). 


N 


8.  The  acid  chloridiii,  dlstnieil  with  a  roetalllo  salt  of  the  an 
Id,  yield  ani«lalliiMOilnrldoand  the  oxide  or  anhydride  ( 
lug  with  the  acid  ;  thus  : 


C,U,OCl     +     C,U,0(OK) 


Kfl    +    (r,ii,o),o. 


In  like  manner,  when  dUiniml  with  the  potoMlum  tXi  of  uiotiiart 
atomic  acid,  they  yield  oxide*  or  anhydride*  I'^iotainlntf  two 
aold  raiUuU« :  «. 


c,n,oci   +    c,itj(»(<iic)   =   Kci   + 


rtT 


Aerlle 
cklorul*. 


FurftMiura 
bcusoato. 


solaoaMa, 
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Tlie  oxidHA  of  tho  (stty  acid  rodiolm  may  aUo  bu  prepared  by  heating  a 
drjr  Itfod-s&lt  of  the  acid,  in  a  sealed  tube  witli  carbon  bisulphide  :  e.  </., 


Li«ftit  uoetiirtf. 


Aeetta  oxide. 


Tho  oxiiliM  of  th<>  fatty  aoiJ  rndiolia  arc  pradnivlly  doeompfwcd  b;r  wttt»>r, 
■{uii'kly  whua  heated,  dividing  two  tuoU'OuUtii  of  the  oorruspouiting  avid  : 

(C,n,0),0    +     U,0     =     2C,H,0(0U). 

bnae  poiitniiiing  two  acid  radicles  yield  one  molecule  of  each  of  the 
ponding  nriilH. 

flonlaot  with  ulmholic  oxides  (oiyym-ethert),  the  aoid  oxides  are  oon- 
~  into  etln'ri-al  suite  : 


(C,lt,0),0    4-     (<\H,)," 
Asetlo  oxide,        Etbyl  oxide. 


2c,n,o(oc,ni) 

Ethyl  acetate. 


ITith  nlrnhnU,  in  like  manner,  they  yield  a  mixture  of  a  componnd  etlier 
with  the  acid : 

<c^i,o),o   +   CHjCon)   =   c,n,o(oc.nj)   4-    0,0,0(011) 

Aeellc  oxide.        Etbyl  alcoliol.  £thyl  acetate.  Acetio  acid. 

Tliv  acid  oxidps  are  decomposeil  by  ammonia  gcu,  yielding  a  mixture  of 
an  atnmouiuui-balt  with  an  amide  ;  e.  g., 


(C,U,0),0    4-     2Nn, 


C,H,0(ONU,)    +     NH,C,H,0. 


9.  ThK  fatty  aclda,  subjected  to  the  action  of  cUon'nt  or  bromitm,  giye  off 
hydroch lorio  or  hydrobromio  atid,  and  are  «)nvertcd  ititoiiul»titutiuii-ivm- 
ponnds  cyintnining  one  or  more  atoms  of  elilorino  or  bromine  in  pl.ire  of 
hyilropr.u  ;  but  it  is  only  tho  hydrogen  within  tho  rndiole  that  can  bo  thus 
uxrh.tng<id ,  not  tliat  belonging  to  tlie  hydroxy]  group  (tho  so-oftlliHl  /y/>ic 
hydrr>g>'n),  no  that  tho  numb<T  of  chlorine  or  broniine-aUinis  intrutluced  in 
piac«  of  hydrogen  is  always  less  by  at  least  one  than  the  number  of  hydro- 
gen-atunui  iu  the  acid  : 

4-     CI,    =     HCl 


C,H,0(OH) 
AcetlG  kold. 
C,H,0(0I1) 
Aoetlo  add. 


4-  3C1,    =   Slid     4- 


4-   c,n,cio(on) 

Obloraoetio  aolo. 

r/'i,o(oii) 

TrlobiorMotio 
aoid. 


TViB  iocl.ited  acids  of  the  same  series  (or  rather  their  ethereal  salts) 
r  by  heating  the  corresponding  bromine-compounds  with  potas- 


C,n,Brn(OC,H4)    4- 
Elliyl-tirum- 
acctate. 


KI    =    EBr    4- 


•tul 


c,H.io(or,n,) ; 

Ethy'Modacetate. 


KUuTf  treated  with  potash  yield  potassium  salts  of  the  iodated 
>  hich  tlie  a«ids  may  be  obtained  by  deoomputiilion  with  suU 

itf>d  and  brominatcd  fntty  aolds,  boili-d  with  waleraml  nihtr 

I"  wbolo  of  thi'ir  chlorine  or  bromine  for  an  i-tiuivalcnt 

iinnlninng  new  acids,  which  dilTor  fpmi  the  priini- 

•  f  atoms  of  oxygen  equal  to  the  number  of  atoms 

ii^.  Ml  I'M'iuMi'^  present :  c.  v>« 
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2C,It,BrO, 

Brom4«ctlo 

C.ll.lir,n, 

iJibrutno- 

butirie  4cliL 


+    Ag.O    +     H,0    = 

4-   Asfi  +    afi  - 


OH    ' 


iAgSr 


tiuljritf  sciiL 


: 


Diclilorstvtic  and  tricWorac^tic  aciil  are  not  siiffi 
this  transromiatiou,  their  luuleaulcs  splitting  uji   . 
witli  silcer  oxide. 

1 1 .  The  monochlorinatfld  and   nKinnbrnmtnalH   acids,  Bubjrcloi  to 
artion  of  au  alooholic  solatiou  t>f  aaunoiua  pat,  ywUi  aiumouluin 
au<l  a  new  adii,  in  which   the  chlorine  ur    btuminc  is  rrplacud    b/ 
gva.     Thus  mouochloraoetiu  acid  jrields    aiuidaustio   acid,  or  y 
ouoiue : — 

c,H,ao,  +  2NH,  —   tittjci  4-   c,a,(rcn,)o, . 

There  is  another  iray  of  viewing  tUeae  auiidated  acids,  which  will  | 
aidered  hereaftur. 

Formic  Aold,  CH,0,  =  CHO(on)  =  n.CO.on.— Thi»  ad 
in  the  c«jn«<ntr»t«l   state  in  the    iKwiio^  nf  nnt«,  iii   th<"    hair* 
parts  of  o<-rtain  cater]>illar!>,  and  ill  i 

ti_v  the  first,  si'<'ond,  and  fniirth  of  t 
forming  the  fnttjr  acid.s — vii,.,  \<y  i  i 
of  formic  aldehyde,  in   oontnrl  wr 
aall  liy  healing  livdrocyauio  aeid  !,   .    ;   „         ... 
(olatiuD  uf  potash  :  — 

ncN    +     KOH    +     H.O    —    NO,    +    CnO(OE)  . 

It  is  also  produced  hy  certain  special  r<>a«tiona— vli.,  I.  Bjr 
carlM)n  monoxido  over  nioist  polasiiurn  hydroxidv,  tha  jpw  being  tlurciT' 
alMurUxl,  and  producing  putagsiom  forumto  : — 

00      4-      noK      =      con(OK) . 


"  liv  the  prwsenco  of  a  cons 
li"!  Df  I'lher. 


The  «l«orpl!on  of  the  gaa  is  :!■ 
qunntity  of  wiitiT,  and  slill  ii 

2.  U.v  passinj,'  carlon  dioxiUv  ,  .<„ivr-vn(K>roTer  putaaalnm  at  a  i 

rate  liu&t,  aoid   potiusium  carbonate,  KUCO,,  being  lonned  M  tit* 
time : — 

K,    4-     acO,    4-     H,0    =    KHCO^    4-     KCHO,  . 

3.  By  the  a<^tion  of  ti(>dium-amal(;am  r,; 
oarbiiii.itK,  and    lir  iKilliii^    tiiir-duHt  (a 

and  1..-I--'-.   ■■'"■ I- •! < 

th. 
pr.- 

00,       4-        KOIl        4-        JI, 

4.  Ry  distilling   dry  oxnilc   ai-id   vither   alone  or  mixed  wlUi 
pumioo-stone,  or  b<ilt<.<r,  with  glywrln  :— 

c.iiA      -      ('^\      +      ctt.o. 

6.  By  liolling  chloroform  with  nIcDhollr  iiolntion  of  |iotA«b  : 

UCfl,    4-     4KOH     =     3K11     4-     ail,it    4-     U.CO.OI. 


ncxtjK      4-      ajii . 
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6.  By  tXw  oviiUticm  of  sagar,  Btoreh,  gum,  and  organto  gnbttonoes  in 
general.  Tlics  r«*acti<in  aITumU  a  uciDTuiiicnt  niotlKHl  of  prvparing  the 
acid  :  1  part  of  Bagiir,  ■<  ]>ar(<<  of  iiiaii);iiiii«<'  diuxiilr,  nml  2  iinrtis  of  wntvr, 
are  luiii'rt  in  »  vi-ry  cupnoious  rrttirt,  or  large  iui.'titl  still ;  3  pnrt«  of  oil 
of  vitriol,  diluted  with  an  (X|unl  woigrlit  of  water,  arc  tlicu  adilod,  aiid 
whcu  ill"  rirnt  viiilMUt  ('(rrrvi-soince  fmin  the  disengagement  of  carlxm  di- 
•ixtde  li.in  niiliiiiilxil,  liuut  is  cautiously  applied,  and  a  vonsiderable  qunii- 
tity  of  liijoid  ilistilled  over.  This  ia  very  impure :  it  ooutaiiiH  a  volatile 
oily  matter,  aiid  souiu  aulMtance  which  ooDununlcates  a  pungency  not 
jiroper  to  fonuie  arid  in  that  diluto  stato.  The  acid  Liquid  iK  neiitralix<.<d 
«i1li  stxlium  uarlninati-,  and  the  rusultiug  formatu  purified  by  crystalliza- 
timi,  and,  if  Uinvlful,  by  animal  chareoal.  Fruui  thiB  or  any  other  of  its 
vnl^  >>i  of  tormio  acid  may  bu  readily  obtained  by  distillation  with 

■  U'  M. 

1  ■■'••  '■'  ' paration,  however,  consists  in  heating  oxalic  acid 

ill  Very  concentrated  glycerin  is  added  to  orystal- 

\u  .    ,  '.  +  211^0,  and  the  mixture  is  heated  to  lOOOllloO 

C.  (il2>-i><i^  k'.),  wliereup<in  carbon  dioxirlc  esoajics,  and  dilute  foriuio 
acid  distils  oiror.  As  sooji  as  the  evolution  of  gas  ceases,  more  oxalic  acid 
Is  xtded,  and  the  heating  eoiitiniUHl,  whereuiKiu  a  stronger  formic  acid 
distils  over,  and  on  further  addition  of  oxalio  acid,  and  heating,  au  acid 
of  constant  strength  C^''  per  cent.)  passes  over.  The  course  of  the  reac- 
tion is  as  fiillows :  The  crystallized  nxalio  arid,  when  he.ited,  gives  up  its 
Wat4<r,  ami  the  remainder  forms  with  the  glycerin,  the  mouofonuiu  ether 
of  glyc»>rin,  or  raonoformin  : — 

C,U»(OH).    +    C.O.H,    =    CO,    +    n,o    +    C,H,{<,^^)«: 

and  the  oxalio  acid  afterwards  added  is  likewise  resolved  into  auhydrona 
a<-jd  and  water,  wbieh  decomposes  the  fonixiu  into  glycerin  and  Ibrmio 
acid:— 

^»"»{l)c:uo  +   ^'^  =   c.n,(on).   +   cm.on. 

T)ip  regenerated  glycerin  reacts  with  the  anhydrons  oxalio  acid,  repro- 
d\ii:iiig  raonoformin. 

tuin  the  acid  in  its  most  concentrated  state,  the  dilute  acid  is  sata- 

tli  lead  oxide,  the  liquid  is  cvttporated  to  complete  drym-ss,  and 

111  .1  formate,  reduced  to  fine  jiowder,  is  very  gently  heated  in  a 

gl '  iinected  with  a  ooudeneing  apparatus,  through  which  a  cur- 

ri'  ilphuretti>il  hydrogen  gas  is  passed. 

I  ln>n8    formic  acid    is  a  clear,  colorless  liquid,  which  fames 

•1'  in-  air,  has  an  exceedingly  p<inetrntinp  odor,   boils  at  .tbout 

loi  1  istallizes  in  large  brilliant  plates  when  cfioU-d  below  CO.    The 

ijx  ly  of  the  acid  is  1.2.'i3.     Its  vapor  i»  intlnmmable,  and  bams 

with  a  blue  tlarae.  Concentrated  formic  acid  is  extremely  corrosive,  att.nck- 
In^  tlm  skin,  and  forming  a  blister  or  an  ulcer,  painful  and  difficult  to  heal. 
i'l  mixes  in  all  proportions  with  water,  alcohol,  and  ether. 
a<Md  has  an  <«lor  and  taste  mneh  resembling  those  of  acetic 
n:^  litmus  strongly,  ami  decomposes  alkaline  carbonates  with 


Tl. 
»t 

>  .'il^o  niiites  with  water  in   dcJinito  proportion,  forming  a 

I'.'  ,' '1-4- I',",  which  rcm.iins  liquid  at  low  temperatures,  and  dia. 

•■'  '  .  (22'J.HO  v.).     This  hydrate  may  \>v  regardiM  as  a  triatomio 

.,  i.rthoformie   acid,  HCC^H),. 

"  acid  18  a  powerful  reducing  agent,     ft  may  bo  readily  dislin- 

•  At  IM.i°  (Llrblf)  i  l(M°  (Person);  101.1°  (Rotco«)i  1Q(.V>  VKow^. 


692 


FATTT    ACIDS. 


guished  from  acetic  acid  hy  heating  it  with  solution  of  tSnr  nilrate; 
iiii'tal  19  thus  reduc«d,  BotrK-timis  in  the  pulreraleiil  stat«,  somcitiiiMi^ 
epxoiilar  »)ating  on  the  {u'li-u-.o  liiU.',  nritl  carbon  dioxido  ig  rvolvad. 
curio  clilnridu  ia  reductni  by  (itriuiu  acid  to  calomel. 

Fonnic  acid  heat«l  wilh  nil  of  vitriol  splits  up  into  watvr  and 
monoxide,  CU,0,  =  H.n+ CO. 

Cldoritie  cunverta  it  into  liydrouhlonc  aoid  and  carbon  dioxide: 

2HC1 


CU,0.    +     CI, 


+ 


Forinlo  acid  heated  with  strong  Ixutt  is  oonverted  uito  oxalic  idd,  \ 
diitcugagumtint  of  hydrogen  ;  e.  <j., 


2CH,(\    +     BaO 


C.BaO,    +     H,    +     n^. 


Thtyi 


card 


Formates  . — ^Tlie  composition  of  these  salts  is  expressed  br  the 
ulir,  MCllil,,   M"((.:H(J,)„  M"'(C'U0^„  etc.,  ac«)rding  to  the'equiri 
value  of  the  metal  or  other  poxitivti  radicle  contain«d  in  Uit-ui. 
all  soluble  iu  water  ;  their  aulutiuns  form  dork-n-d  mixtures  with 
Bnlts,     When  dixtille<l  with  strung  sulphuric  acid,  tliey  give  olT 
monoxide  and  leiive  a  residue  of  uulphale.     Thu  formattw  of  the  al 
metuls  hente<l  with  the  c<jrro.<ii)unding  salts  of  other  fatly  aciiU,  j'i> 
oarbuuato  and  aldehyde  (p.  UU5}. 

Sodium  formate  crystallizes  in  rhombic  prisms  containing  CH0j5a 
It  Tcducea  many  metallic  oxides  wheu  fused  wilh  them.  lUaisiuin  ^unvlsl 
CllOjK,  is  dilSuult  to  crystallize,  on  acooiint  of  its  great  jxiluliilit}.  J»>| 
luoHium  fomtate  crystallixes  in  itquare  prisms  :  it  is  very  solublr.  ■■■■'. 
composed  at  high  t<-niperatures  into  hydnH\vanic  acid  ami  wu' 
mcnis  of  which  it  contains  :  CHO^'li,  =  fll,0-f  CNII.  The  ■ 
Ixtrium,  strontium,  calcium,  and  miignmum  form  aniall,  prismatir,  eisilr  wlu-J 
bio  crystals.  Lmd  formate  crystalliios  iu  small,  diverging,  mlorlasl 
needles,  which  reijuiro  for  solution  4U  ports  of  cohl  water.  The  wus^waK] 
ferrotut,  zinc,  nickel,  and  cobalt  for/nates  are  also  crystallizable.  Cu/jrt<  far 
ate  is  very  beautiful,  cryst.'Ulizing  iu  bright  blue  rhombiu  prisms  u/ i 
aiderable  size.  Silrer  formate  is  white,  but  slightly  solu  ble,  and  deoumpoadl 
by  thu  least  elevation  of  temperature. 

Alelhyl  formate,  CIIl.),.t'll,,  metauieric  with  noetic  acid,  is  prepared  tfl 
heating  in  a  retort  equal  weights  of  neutral  methyl  sulphate  and  sudiuni 
formate.  It  is  a  vi-ry  volatile  liqaid,  lighter  Uian  water,  boiling  belvei 
30O  and  3SO  c.  (9U.bQ-Ui0.4O  F.). 

Ethyl  fannate,  CHO,.C,Hi,  metnmeric  with  methyl  acetate  and  proptoni*'! 
Bcid  (p.  4S4),  is  prepan?d  by  distilling  a  mixture  of  7  parts  of  dry  iodiiiis' 
formate,  10  of  oil  of  vitriol,  and  6  of  strong  alculml.  The  formic  rlbif. 
separated  by  the  addition  of  water  to  the  distilliil  pro.luot,  is  ■gitalwl*"''' 
a  little  magnesia,  ami  left  for  several  days  iu  contact  with  calcium  cbluriil''. 
Ethyl  forumle  is  colorless,  has  an  aromatic  odor,  a  density  of  O.filS,  saJ 
boils  al  tiCP  C.  (13:2.SO  F.),     Water  dissolves  it  U>  a  small  exteut. 

Ethyl  Orthofonnate,  nCCOCJI,),,  is  prodaood  by  heating  ohlorofonn  »'•'' 
Bodiiuu  othviate  in  alcoholic  solution  : 


HCCl,    +    3C,IIjONa 


SNaCi   4-   nc(oc,nj),. 


It  is  a  liquid  having  an  nromalic  odor,  lioiling  at  14»P  C.  (234.90  P)- 
insolnlile  in  water.  When  hentod  with  glacial  •ootio  aiiid  it  fs  rdolio' 
into  formate  and  acetate  of  utliyl. 


I lUVU   ViT 
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Aoetto  aoia.  c,n,o,=c,n,o(on)  — cH,(cooH).— ThiB  sckI  » 

rotitul  iu  small  quantities  in  tlin  jiiioita  of  plants  and  in  animal  flniiis.  It 
piny  be  jjimluuird  l>_v  t^itlif.r  of  llio  llrsl  bi'ti-ii  general  mtitlimis  of  formation 
tiven  ou  p&gts  0»5-«)8ri,  anil  in  particular  by  tli«  Blow  oxidation  of  alcohol. 
Wlmn  spirit  of  -wino  is  dropptMl  njwjn  platinum  black,  the  oxygen  wm- 
of  till'  lattfr  rcafts  so  pownrfnlly  upon  tlit>  alcohol  an 
I  )iillauimation.     Whi-n  this  spirit  i»  mixutl  with  a  little 

'  .  ^ iroppod  ujwn  tho  Bni-ly  dirliU'd  mi'tal,  oxidation  flill 

«,  but  with  less  energy,  an<l  vapor  of  awtio  acid  is  abundantly 
I  •  In  all  thiMB  modea  of  formation,  the  ncptic  acid  is  nltiuiulely 

nirrniiirililn  from  inorganic  mati-rials.  It  is  also  formed  by  tho  action  of 
l»na<vtit  liy.lr<»';i>non  trichloracetic  acid,  which  may  itself  lie  produoijd  fnim 
''  rials.     Lastly,  acetic  aciil    is  obtainixi,  together  with  many 

.  iu  the  destructive  distillation  of  wood  and  other  vegetable 


VII  ir?  l.ilH. 


jytparation. — 1.  Dilntp  alcohol,  mixed  with  a  little  yonst,  or  almost  any 
kBOtissd  organic  matter  susceptible  of  putrefactjun,  and  exposed  to  the 
tit,  spRodily  becomes  oxidixed  to  acetic  acid.  Acetic  acid  is  thus  maiiu- 
foctttrwi  in  tieTmany,  by  suITering  such  a  mixture  lo  flow  over  woo<I  shav- 
ltiff«  ■•l"»»ped  in  a  little  vinegar,  contained  iu  a  large  cylindrical  vessel 
which  a  current  of  air  is  made  to  pass.  Tlie  greatly  exteiuli'd 
till!  liquid  cxpediti^   the   change,  which   is  completed  in  a  few 

■rl/oiiic  acid  is  proilnced  in   this  reaction. 

"gar  ia  made  from  wine  by  sjiontaneoas  acidification   in  a 
I  cisk  to  which  the  air  has  access.     Vinegar   is  first  iutro- 
Uixwi  mil)  the  empty  vessel,  and  a  quantity  of  wine  added  ;    after  some 
.iv,  .1  FMWud  portion  of  wine  is  poured  in,  and  after  similar  intervals,  a 
I  a  fonrth.     When  the  whole  has  become  vinegar,  a  quantity  is 
:   W|ual  to  that  of  the  wine  employed,  and  the  process  is  rcconi- 
ni.'.Ki-l.      Till    !  ire  of  the  building  is  kept  up  to  3(1'^  C.  (i^'l)'-'  !•'.). 

uch  is  the  pi  I   at  Orleans.     In   Kugland   vinegar  is  prejinreil 

■■"■•  1  <■■'•'■!  ■■■  for  the  pur])oHe.     The  liquor  is  exposed    to  the 

.  loosely  stoppi'il,  until  acidification  is  complete. 
Mjrio  acid  is  afterwards  added,  with  the  view  of 
lurllier  decuuposition,  or  moUiering,  by  which  the  product  would 
I. 

Iry,  hard  wood,  as  oak  and  beech,  is  subjected  to  destractive  di»- 

t  a  red  heat,  acetic  acid  is  found  among  the  liquid  condensable 

■f  the  operation.     The  distillation  is  ctmducted  in  a  large  iron 

to  which  a  worm  or  condenser  is  attached  ;  a  sour,  watery  liqiiiil, 

.  ..I  III-   :i  lid  much  inflammable  gas  pass  over,  while  charcoal  of 

uains  in  the  retort.     The  acid  liquid  is  subji.'cfcd  to 

^  I  ftortion  being  collw.twl  apart  for  the  prejiaration  of 

vpiiit.     'i'lie  remainder  is  saturated  with  lime,  concentrated  by  evap- 

^«iid  mixed  with  tho  solution  ofsralium  sulphate  ;  calcium  siiljihaiu 

>  precipitated,  while  the  acetic  acid  is  transferre<l  to  the  soda,    Tho 

lution  is  cvaporateil  to  its  rrystalli/.ing  jjoint  ;    and  the  crystals 

I  much  as  jmssible  from  tlie  dark,  tarry  mother-liquor,  and 

by  heal  of  their  i>.uiliined  water.     The  dry  salt  is  then  cautiously 

ilii.  b  til.'  l:i-t  iMrtiiins  of  tar  are  decomposed  or  expcllwl:    it  is 

'  recrystallizeil.     Pure  sodium  acetate,  thus 

iicid  by  iliiitillnlion  with  sulphuric  acid. 

It  ju:'.tit  ai;id  is  prepared  by  distilling  fimdy  powdiTcd  anliy- 

roLnte  with  three  times  its  weight  of  stnmg  sulphuric  ai  id. 

purified  by  rectincnlion  to  free  it  from  sodium  sulphate  «l»a\- 

lly  thrown  up,  and  exj>04e<l  to  a  low  temperature.    CTy»Viv\«  o\  v^«** 
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•o«tic  Kcid,  C,H,0,,  then  form  in  Urge  qnantity  :    they  nuir  hn  drftia 
from  tlie  weaker  fluid  portion,  and  »utrere<l  to  melt.     Beluw  IT" 
K.)  l)iiti  Hulastaiu't^,  ufleii  cuilfnl  ytui'.iul  aetiic  add,  furiu8    Ijii 
transparent  orysl*U,  whicli  uliuvo  tliat  ti-iiipurature  fust<  to  ,>  >i><u,i 
less  licjuiil,  ul  fXocodiiiKl.V"  pungent  and  well-known  odor  ;  it  raiMsr" 
on  thii  tikin.     It  id   luiscible  in   all   pruportiouii   with   water,  alLoli 
vtlier,  and  dissolvt<e  uamplior  and  suveral  nwins.     When  dJlutM)  it  Iili 
pleasant  acid  tasto.     Qlavial  acetic  acid  in  thu  liquid  state  has  »de 
of  l.iHYi,  and  boiU  at  12itO  c.  (248^  If.).     lU  vapor  is  iuflauuuabli-. 
exhibit!)  the  Toriatioug  of  denait/  already  noticed  (p.  2aO).     At  StW^J 
(5720  F.),  or  al)ove,  it  is  2.'.i8  ot)mpart'd  with  air,  or  30  conipartxi  with  1 
drogen,  agrofing  exactly  with  the  theoretical  density,  whirh  i»  half 
inolevular  weight  ;  bat  at  teui]X!raturea  near  the  boiling  point  it  Li  cooA 
erably  greater,  being  2.90  at  1400  C,  (2840  p.),  ^id  3.20  at  1250  C.  (2J 
¥.)  (referred  to  air). 

Dilute  acetic  acid  .or  distilled  vinegar,  used  In  pbarmacT,  shnnid  alwi| 
be  carefully  examinetl  for  copper  and  leail ;  these  impurities  are  watr 
from  thu  metallic  vessel  or  eondeimer  sometimes  employed  in  the 
The  strength  of  any  sample  of  acetio  acid  cannot  bu  safely  inferred 
ito  density,  but  it  is  easily  determined  by  observing  the  quantity  iif  • 
Mdium  carlKiuate  uevessary  to  saturate  a  known  weij:ht  of  the  liqa 
Common  vinegar  contains  from  5  to  10  per  cent,  of  the  pure  acid. 

Acetic  acid  exhibits  all  the  reactions  of  the  fatty  acids  in  gi-neral  (p 
667-(>Sit).     The  acid  itself  does  not  readily  conduct  the  electric  cu 
hut  ft  solution   of  potassium  acetate   is  decomposed  by  eleotrolysii,  I 
fonuution  of  dimethyl,  or  ethane,  and  potassium  carbonate : 

2(CH,.C0.0K)  +  H,0  =  C^,  +  H,  +  CO,  +  CO(OK),. 

Acetic  acid  ia  not  attacked  by  nitric  acid,  but  prrimlir  acid  conve 
oxidation  into  forniio  acid  and  carbon  dioxide,  being  itself  reducedf 
acid  or  even  to  free  iixliue : 


C,H.O,    + 


cn,o,  4-   CO,  +   H,o. 


Potassium  acetate  distilled  with  arstniuut  aside  givi-s  olT  a  highly  influB 
mable  and  characteristically  fetid  oil,  consisting  chiefly  of  arsendimetbjj 
or  oaoodyl,  A8j(CU,),. 

Acetates. — Acetio  acid  forms  a  large  number  of  highly  Imp 
salts,  represented  by  the  formnlw,  MCjH,<>,,  M"((',H,0.),,  or  M"'(C,n,OJ 
according  to  the  equivalent  value  of  the  metal  contniin-d  in  them.  Bi-iii 
a  monobasic  acid,  it  cannot  form  any  acid  salts  pro|HTly  so  cnll.vl,  thai  I 
by  replacement  of  a  /xjrt  of  its  typic  hydrogen  (p.  Iih4);  but  the  aeniil 
acetates  of  the  alkali-metals  can  take  up  a  molecule  of  acetic  at-iil,  juil  i 
they  take  up  water  of  crystallization,  forming  salt«  call<<d  acid  ac"*^ 
tatos  or  diaoetates,  Mf.^HjOj.CjH/),.  There  are  also  bofic  areUtrt 
formed  by  the  union  of  a  molecule  of  a  normal  acetate  with  a  molMulcc 
metallio  oxide  or  hydrate. 

PoTAgsiPM  AcKTATES.— Tlie  nnrmal  tilt,  KC,n,0„  crysfallin-s  with  (rrrltl 
difficulty  :  it  is  generally  met  with  as  a  foliated,  whi'te,  crystalline  nisaij 
obtained  by  neutralizing  ]Kitassiumcar)xinatewith  acetic  acid,  ev«|Hir«lii<| 
to  dryness,  and  heating  the  salt  to  fusion.  It  is  extrenielv  deliqiiwwut,! 
and  soluble  in  water  and  alcohol:  the  jsolution  is  usually  alkaline.  fMii«| 
little  Ifws  of  acid  by  the  hent  to  which  it  has  l>eeu  subjected.  Fmmtli*! 
alwiholie  solution,  potassium  carbonate  is  thrown  down  bv  »  stroain '^  1 
carbon  dioxide.  " 
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Thi"  <TrW  vth,  f^jn-O.-fjUjO,,  ia  formed  by  er!i{K)rnt{ng  8  Rolotion  of 
II  '   acetic  noid,  and  crjrstalliz<-9  by  alow  evBlwra- 

t  1.     It  is  very  lielifiucsoftit,  auJ  dccauipoees  at 

a«.h'     >  .  vo.'_--  r.i,  i.i\iiij.-  uU  uryelallumlile  acetic  livid. 

Soiiim  ArKTiri;  ^'if'jH.O,  +  3Aq. — The  mode  of  preparation  of  this 
•ik)t  on  the  !  lias   lieen  ain-ady  dei'orilH'd  :  it  fnrins  large,  traiiH- 

p«ri:i)t,  colli  •I'*,  derived  from  a  rhombic  prism,  which  are  paaily 

n<n<leritd  auli>  druun  by  beat,  eflluri>ac«  in  dry  air,  and  di»80vu  in  3  parts 
iif  mild,  and  in  an  txiual  vei);lit  of  hot  water  ;  it  ia  also  soluble  in  alc^oliol. 
■^'  ite  of  this  salt  Is  cooling  and  saline.     The  dry  salt  melts  at  286°  U, 

:     v.),  and  begins  to  decomiiosc  at  3150  c.  (5990  p.). 

Ammoxtuji  Acktateb. — The  neutml  acr/o/c,  NHjCjHjO,,  is  a  white  odor- 
less ».tlt,  obtaini^d  by  saturating  glacial  acetic  acid  with  drj-  ammonia  gaa. 
It  is  very  difficult  to  obtain  in  the  crystalline  form,  for  its  nqtieous  solution, 
when  evaporated,  givi>a  off  ammonia,  and  leaves  the  acid  tinlt.  When  dis- 
tillnl  with  phiMphoric  oxide,  it  loses  2  molecuk-a  of  water,  and  givi»  off 
irtfaroyi  nitril  or  aectonitril,(l',H3)>'  =  NH,(',IljO,  —  211,0.  The  aqueous 
dolution,  known  in  the  I'harmaoojHoia  a»  Spiriliia  Mimlertri,  is  prepared 
by  saturating  aqueous  aiwtic  acid  with  ammonia  or  ammonium  carlKinale. 

T' "'  ■■■"    Mil    II  11   I '  M  o^,  is  obtainMi  as  a  crystalline  sublimate 

b;  1.10  with    jHitassium  or  calcium    acetate, 

•II.  :iiue   time  i  also  as  a  ra'liati>d  crystalline 

inofiB  by  cvrtfHinLtitig  tiie  ai[Ui*iius>  80lnti<in  of  the  neutral  salt. 

The  ncctatej  of  Ixirium,  ttrontiim,  and  rali-ium  are  very  soluble,  nnd  can 
be  procured  lu  crystals  :  maynviium  atttute  crystalliies  with  difficulty. 

Airymm  AcKTATEg. — ^The  neutral  Bait,  Al,(r,n,0,)„  is  very  lioluMc  in 
irJil'V,  and  dries  up  in  the  vacuum  of  the  air-pump  to  a  gummy  niiuul 
^ri'lx.Mi  In.-.,  of  crvstalliiation.  If  foreign  salts  are  present,  the  solution 
ol  In   beoomes  turbid  on  beating,  from  the  separation  of  a  basic 

f:  tliich   reijissolves  as  t)ie  litjuid  cools.     Aluminium  atvtate  ia 

n  <  nl  in  calico  printing  :  it  is  prepari>d  by  mixing  solutions  of 

1.-..  :ind  alum,  and  filtering  from  the  insoluble  lead  sulphate.    The 

liquid  i:i  iliickencil  with  gum  or  other  suitable  material,  and  with  it  the 
diai>rn  is  impressed  upon  the  cloth  by  a  wood-blook,  or  by  other  means. 
Ks:  -  "1  a  moiierate  degree  of  heat  drives  olf  the  acetic  acid,  and 
Ii  lumiua  in  a  state  capablu  of  entering  into  combination  with 

U..  I. 

interesting  researches  on  aluminium  acetate  have  been  pub- 
lic •■  late  Mr.  Walter  Criim.*  The  solution  obtained  by  decom- 
]iwiiUK  Aluminium  sulphate,  Al,(t>0,),,  with  lead  acetate,  may  besnpposed  to 
cmitAin  neutral  .iluminluui  acetate,  (Al,)((.°,ll3ii,),,  or  Al,O,.3l\ll,0,.  This 
nl'  1,'iwnTer,  be  oblnineiUn  thedrystatc.  If  thesolution  Ije  rapidly 
r\  :i  low  tt'mpiTalun.'S,  by  b«ing  spread  in  thin  layers  on  glass 
lit  1.  :  .„lul>lf  acetate  is  obtaineil,  having  the  c<inipnniliim 
ii\  but  if  the  solution  be  left  to  stand  in  the  cold,  or 
rii  ..  :i  of  hi-at,  invtiubh  basic  suits  are  precipitatijd,  dif- 
(-1  :<in  from  the  former  by  containing  in  the  first  case  five, 
ail                             I  iwo,  ni'iIiK'nles  of  w.Tter  instead  of  four. 

!••  aluminium  a>:etate,  when  exjiosed  in  a  dilnte  solution  to 
t)  lure  of  Ixiiling  water  for  several  days,  nnderj;(MW  a  very  re- 

b.  ■  intre,  the  whole,  or  nearly  thewliole,  of  the  acetic  acid  being 

ri  I  the  ivi:tion  of  heat,  and  a  peculiar   soluble   modification  of 

*  Obrm.  Soc.  Quar.  Journ.,  vl  tit. 
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klutnin*  (ftlieadj  JimernKi  Bads'  Aijematen,  p.   SU), 
•olutioo. 

UoKgamtm  oMM»  faon«  colof  - 
in  the  Blr.    Krr—  aof«a(t  t^. 
rvry  ;>rriDo  (<•  ozld<itian ;  both  %aiv  uisn" 
U  »  ilaxk,  troiniMlt-fed,  imciytillhaW'  .    wttlaitpfll 

U«t«.     c;A>i(  iwWot*  hrttoa  •  *iaW-eolovr>:.  ...  . — ^-.scvttt 

Tbc  mitlti  KoU  MTinrftUn  in  greea  crjrsUi*,  mhicb  OiaMilie   la  4 


LSAV  ACBTATM. — T1»<'  nnrmni  mk,  P».<r.H,0,>, -»-  SA«j..  t«  f\?*rp«rMl 

Urg*  Bcalc  b;r  diiu<>l 

0»Iot1««»,  transpBreii' 

cxRiitDiTn*  a*  a.  ccnfuat^i  i,>  '  m  ^  i  • 

I'Viiii  ttilf  circumstajioe  a>  im)  asj 

/«/(/.     Till' crysUls  «re  »(■:  L  ,  ,  .^..r»«t»i 

dr<r  air,  and  melt  wli«n  gt^ntlr  itc«loi   lu   ilinr  wattT  '  .uics. 

thix  wM«r  is  raaily  driven  off,  and  the   aiilk,v>tr(>a9    salt 

tuvltti,  and  aft'TWordx  doooiniMses,  at  a  high  ti'Uiluraturi 

U  tolulile  in  slvohol.     The  o'lU^wiu  vdlutiuu   hoa  an    iut' 

at  the  iiAuii*  time,  astringent  Liote,  and  b  Dot  (irvcipiLateU  t>v 

It  IS  au  article  u(  great  valae  to  the  cbemiat. 


Baiic  Acelalft  (  Subaeelalti)    of    Ltail. — A    Mtnjuitotic 
2Pb((',H,0,),.I'h<J,  ifl  produced  when  the  neutral  aiil>tdri'ii>  n.th  la 
deixjuipotteii  \>y  heat  au  U)  Iwn-uiue  MUiirerted  into  a  j 
coinpiMalileouly  at  a  mueh  higher  tvuiperature.    It 
BuparBt4a  from  the  Rolution  evnporated  to  a  pvr' 
of  eTyMtAllinu  dealea.      A  tnjttumhic  artttite,  I'Ih  ' 
b;  •!;  il  R  lucxlernti-  ln'Ml,  7  piirlB  of  i 

par'  •■l«te,  (mil  'M<  jiarU  of  water;  or 

gnlui ;  ,..  tilrnl  lead  luetate  with  a  fifth  of  . 

nia,  nnd  leaving  tlie  whole  fur  some  tiniu  in 

Keparntex  in  inimile  neeillen  I'jintfiiuiiig  one  uii  i 

tion  nf  hnsio  aoutnte  )irepnri.vl  by  tlie  lint  uiethwt  n  kn>  ^ 

under    the   name  of    Goulard  iisifrf.     T)i"re    (•(    rIw    a   • 

rb(l',ll,<),),..iri.<),  formwl  by  ad.lii. 

lion  of  norniiU  leii<|  neelttle,  or  by  <ii 

quantity  (if  oxi<le.     It  is  n  «lii'  ^inm.   »i.i 

111  I'old,  and  tint  little  soluble  it  The  koIu 

leftil  aeiitat<!«   have  a  utrong  :- -     .11,  and  obf  ..    :; 

with  tlin  grvAtest  kvldit/,  buoomlng  itirbid  (rom  pjecipitauon  of 
oarbuuato. 


Ccrnio  AeiPTATiw. — The  normnl  acrtnit,  rnfr,R,0,),  4- Aq. 

by  dliiwilv  -M  in  hot  aoelic  arid,    .' 

to  eool.      I  lutifal  dark-jrroen  11 

of  eold  jui.i  .■  |.;m^  of  liotlidg  »    ■ 

Holiition  <<{  tliiH  c.ill,  iiiixeil  ui 

the  f..Mii  ..r  i..M,,,i..  r.„i  ...  i,,i,. ,. 

fa  i< 

di»t. 

poplH^r.     TUo  nail  i'- 

lilgiiumU 

fiatir.   Cmprlr  j|e#lqf»«.— nommoTi  ruHlKria,  nuuli*   hy  «|paii 
|d«lM  of  cop|>ra  to  th»  air  fur  invtral  week*,  In  oontact  vlth  lituiie  add  1 
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of  gnpeB,  is  •  mixtare  of  gererftl  busio  ouprio  Melaton,  whicli 

grei^n  or  bloe  color.      One  of  thi-sp,  2Cu(C,H30j)j.CuO-f-  fiAq.,  is 

»•_▼  <li?i»«iiug  (he  powdered  verdigris  in  warm  wnlor,  and  leaving 

kl'l  I  •  8i)ijiitani?ous  evaporation.     It  forms  a  blue,  crydtalline 

hilile  in  wrld  wat'?r.     When  l>oiled,  it  deposits  a  brown 

<  II  i.-i  ;i  aubsftit  with  large  excess  of  base.     The  green  insolublu 

[of  the   Verdigris   contains    Cu(C,HjO,)j.2t'uO  +  3Aq. ;    it  may  be 

digesting  normal  cupric  acetate  with  the  hydrateil  oxide.     By 

with  water  it  ii  resolved  into  nonnal  acetate  and  the  brown  baaio 


AcBTATB,  AgC,H,0„  is  obtained  by  mixing  potassium  acetate  with 
'  nitrato,  aud  washing  the  precijiitate  with  cold  water  to  remove  the 
■ium  nitrate.     It  crystnllizen  from  a  warm  solution  in  small  colorless 
(,  which  have  but  little  solubility  iu  the  uold. 

r  aeetale  forms  small  Kcaly  crystals,  which  are  as  feebly  soluble 
>  ot  ftcaUtta  of  silver.     Meratric  acttatt  dissolves  with  facility. 

•  T\TB,  rH,.CjH,0„  orours  in  crude  wood-spirit.    It  is  prepared 

-  paru  of  methyl  alcohol  with  1  part  of  glacial  arctic  acid  and 

ri  oi   Miijiliuric  acid,  or  1  part  of  methyl  aluohul  with  1  part  of  potas- 

i  aootate  and  2  p.irts  of  gul])huric  acid.     When  imrilied  by  rectilicatiojt 

aleium  <'hliiride  and  quick-lime,  it  forms  a  rolorK»<s  fragrant  liquid, 

■p.  gr.  O.lK'nii  at  (P,  boiling  at  SOJ  or  6liO  i;.  (131Q-132.8G  I'".).     It  dis- 

I  in  water,  and  mixes  in  all  proportions  with  alcohol  and  ether, 

,  AcrraTii,  C,H,.C,Q,0„  may  be  prepared  by  heating  together  in  a 
t,  3  part.-!  of  potassium  a<!«^tate,  3  part<>  of  strong  alcohol,  and  2  i>arts 
1  of  vitriol.  The  distilleil  product  is  mixe<i  with  water,  to  sejiarate 
■  t.'d  first  with  a  little  chalk,  and  afterwards  with  fused 
iid,  la.stly,  reotified.  The  pure  ether  is  an  exceedingly 
.  .  (Uid,  having  a  density  of  O.yUi.'i  at  tiO,  O.itdiiS  at  15^  C. 
'  K.),  and  tMiling  at  77^  C.  (170.(io'i.'.).  Alkalies  decompose  it  in  the 
Her  alrea^ly  mentioned  (p.  U8S).  When  treated  with  ammonia,  it 
Ida  aer/»miile,  NI1,(',H,0. 
On  thi-  reaction  of  ethyl  acetate  and  homologous  etliers  with  sodium  and 
M  ioditle*  of  alcohol-railiclus,  see  p.  tibU;  also  Cabbokctonio  ACLbS. 

Jiv  i.--r--r  '^^H„.C,H,0,,  prepared  in  a  similar  manner  from  ordinary 
Bo  -at    14<JO  C.  (2S4'-' F.).     It  possesses  in  a  remnrkalile 

lai.  of  the  Jargonelle  pear,  and  is  manufactured  on  a  largo 

(or  flaroring  liqaora  and  oonfeotionery. 

BniK»  AerTATBS. — These  compoands  may  be  derived  from  efhcne  nlcc- 
^•l  WJ'*'!)  '•/  substitution  of  one  or  two  equivalents  of  acetyl  for  hydro- 
gien.     The  moiuuetau,  (0,0,)  |  J^J",  ^  q,    is  produced  by  healing  ethene  di- 

W<>mid«  with  an  alcoholic  solution  of  potassinra  acetate.  Tlio  product  is 
disUIln),  the  («rfion  coming  over  at  182°  C.  (359. b'O  F.)  being  kept  sepa- 
tato.  It  is  a  colorless,  oily  liqnid,  miscible  in  every  proportion  with  water 
*»  alcoliol.     UydnK'hIoric  acid  gas  passed  into  ethene  nmnaeetale  converts 

U  Into  ethene  acetochloride,  or  glyoollic  chloracetin,  C.II,  i  ,  jj,  „  „  ,    whicli 

i»  precipitativl,  on  atldition  of  water,  as  an  oily  liqnid  lolling  at  145°  ('. 
(2933  F.).     Treatment  with  potash  deoomposes  it  into  ethene  oxide,  potaa- 
•iim  awtate,  and  potassinra  chloride. 
S9 
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£iArn«rfi(«:efol«,  C,n,|,,^.'y'Q,  Ib  jiri-parwl   by  dig«tftig  »  mi»lnr»  1 

etheno  dibromide,  silver  a»Mjtate,  and  ^'Ucial  aoctio  acid  in  the  wjlcrlo 

aud  t.-xhAiisting  the  digwUvl  iuoks  willi  I'tUcr.     On  ill'tilliri);  itir  vUm 

solution,  the  ether  first  posses  orer,  then  thtt  iieelic 

the  U-miHTttture  has  renched  1870C".  (308. tP  K.),  ■•• 

colorless,  neutral  liquid,  of  sp.  gr.  1.128  at  OO,  boilnnj  ;n  i  ■ 

soluble  in  7  parts  of  water  and  in  every  projiorliuu  in   i  t| 

By  distillation  with  pota^ih  it  yields  etheue  alcohol,  or  k'-,,-  ■■.  •■ 

Propkktl  or  Gltcrhtl  Acbtatbs  ;  Acrrixs. — These  ethf-r-   .i 
frmn  propenyl  alcohol  (glycijrln)  by  substitution  of  1,  2 
of  aootyl  for  hydrogen.     The  foruiala  of  glyowriu  being  ( ' 
of  the  three  aceting  arc  : 


Monoacetin 

Oiaoetiu 

Triaoetin 


(CiH.V'^ni.ffKr.H.O) 
((,(1  ',ll,0)« 


They  are  oily  liquids,  produced  by  beating  g1yix<rin  ftnd  Metto  add  I 
gether,  iu  various  proportioDs,  in  sealed  tubes. 

Acetic   Chi.obide  or   Acbttl  Chlokidh,  C,H,On. — Thta 
pound,  which  has  the  constitution  of  acetic  acid  with  chlorine  aok 
for  hydroxyl,  is  produced,  as  already  observe*!  (p.  088),  by  lb* 
phosphorus  trichloride,  pentachloride,  or  oxy chloride  on  .1 
The  product  heated  with  water  and  dilute  sod.isoliitioii 
pborus  oxychloride  and  bydrooblorio  acid,  and  then  reit 
chloride  as  a  eolorless  liquid,  having  a  suffocating  olor,  ai  -  do 

fumes  of  hvilrocliloric  aciil   in  contact  with  tti.-  nir       Ii    :...     -    .   ;.-il^( 
1.1305  at  (V',  boils  at  5DO  c.  (13|o  K.).  and   i-  -• d  by  irsl«r  i 

alkaline  solutions,  yielding  bydrooblorio  and  n  t^. 

AciTic   OxiDB  or    Akhtdridr,   C,n,0, ■■  <C,I!,0],0, 
oolled  Anhi/ilrnHt  Acrtie  artil. — This  cnmpuund  is  obtained  : 

1.  By  tlie  action  of  acetyl  chloride  on  potassium  or  lodinin  aostaUi 

C.H.OtONa)     +     C,n,OCl    =    NaCT    +     (C,H,O),0. 

Si  Jy  heating  gwlinm  nrelnte  with  iH-nmyl  chloride,  V  "  '"''    ' 
l^nHHtsetic  oxide,  ((;,II,<>)(('.,ll/>)<>.  >s  f«niied  in  llm  > 
■slteMinently  re«olved  into  acetic  lUid  benioio  oxides,  iLt  ._i_. 
■)Vkt,  while  the  latter  remains  : 

C,U,0(ONa)    4-    C,U,0C1     —    NaH    +     C,n,O.O.C,II,0 


2(r,H,o.o.c,n,.0) 


<c,H,o),o   +    (r,H,n),o. 


Ao«tlo  oxide  is  a  heavy  oi!  wbleh  liolU  at  1210  C.  (349.80  P.),  and  i 
solves  slowly  io  water,  being  grrulually  converted  Into  aontio  add  : 


('■,H,o),o  +   n,o 


2r,H,o(on). 


Acttjil  IVraruiti,  (r,n,0),0,,  obtained  by  atlding  lokriam  dioxtd*  Io  i 
ethereal  tiilullon  of  notyl  monoxide.  Is  a  vlsrid  liquid,  wblrh  explu' 
wltb  vluleucc  when  healed,  and  »>:la  a»  a  powerful  oxldiunf  ag<4il. 
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AatU  dfrirtJ  /rom  Acetic  Acid  fty  Subilitution, 

Chloraoetio  Aclda.— The  three  scidii,  C,H,riO,  C,H,CI,0„  und 
C.IlCljO,,  are  prfnluf^^i  by  the  oclion  of  chlorine  on  acetic  acid  In  »uu- 
■hinc;  the*  secoad,  however,  is  formed  in  small  quantity  only,  the  fir»t  or 
the  third  lieing  produo^l  in  g^realest  abundanco  according  an  tlie  acetic  acid 
or  the  chlorine  is  in  excels. 

Monochloraettic  acid,  CH,Cl.COOH,  is  produced,  according  to  R. 
Hoffmann,  by  tlie  action  of  chlorine  on  boiling  glucinl  acetic  acid  in  snn- 
abine.  Dr.  11.  Miiller  flnds  that  the  formation  of  monochloracetic  acid  Is 
foirilitntod  by  dissolving  a  little  iodine  in  the  hydrated  acetic  acid,  and 
|>r.  -  T.am  of  chlorine  through  the  bnllini;  solution.     On  submitting 

til  of  this  reaction  to  rejii-ntt-d  diatilliitinn,  monochloratetic  acid 

i»  I Hi  a  licjuid,  Uiiling  at  l(<i;0  C  (3li<j.80  K.),  mid  solidifying  to  a 

rryslnlliim  m.i»K,  whirli  melts  at  6'JP  <'.  (14.3.60  F.),  and  dissolves  easily 
in  water,  llented  with  jiotosh,  it  is  oouverted  into  jiotassium  glyooUate, 
SC^aO,  (p.  68U). 

CjU.ClO,    -f-     2Kno    =    KCI    +    KC.IljO,    -f     H^O. 

lUrfilnracrlii-  arid,  CHCIjCOOH,  is  produced,  together  with  the  pre- 
oi'  iiiud,  liy  the  action  of  chlorine  and  iodine  on  boiling  acetic 

a'  '  luml  in  the  portion  of  the  product  which  boils  alove  ISSO  C. 

(37<'.-4--  1'.;.  .According  to  Maumen6,  it  may  be  obtained  by  ex|)osing 
monochloracetic  acid  in  flasks  to' the  action  of  dry  chlorine  (5  atoms  of 
ehloriue  to  3  ninlecules  of  chloracetio  acid)for  twenty-four  hours,  warming 
tlir  product  to  exin-l  hyilrochloric  ncid  and  then  distilling.  It  is  a  liquid 
harlug  a  speiilio  gravity  of  1..'j2IG  at  liJO  C.  (59'^  F.),  and  Isiiling  ut 
llW-1'Jlo  C.  {374-375.8C'  F.).  Acoording  to  MQIIer,  it  remains  liquid  when 
Molod  ;  bat  according  to  Manmeu£,  it  crystallizes  in  rhonibohedral  plates. 
It  forms  a  soluble  silver  salt,  AgC,HCI.j<),,  which  is  decomposed  when  its 
■olntlun  is  lieat«xl  with  silver  oiide  to  75°  or  80°  C.  (1070-1700  F.),  giving 
off  a  mixture  of  carbon  monoxide  and  dioxide : 

2AgCjllCl,0,  4-  3Ag,0  =  2C0  +  2C0,  +  4Aga  +  2Ag,  +  H,0. 

Triekloraeetie  acid,  CClj.COOII. — Discovered  by  Dumas.  Wlien  a 
nil  "  iiy  of  cryslalliiable  acetic  acid  is  intro<luied   into  a  bottle  of 

dt  ;;a8,  and  the  whole  ex])09od  to  the  direct  solar  rays  for  several 

if  iterior  of  the  vessel  is  found  coated  with  n  white  crystalline 

•  ii  liich  is  a  mixture  of  trichloracetic  .icid  with  a  small  quantity 

'■'  I. 

tic  acid  may  also  be  prodno«l  synthetically,  viz.,  by  the  action 

wid    water  on  carbon  dicliloride,  C,C1,,   (his  compound   first 

1.  .'itonis  of  chlorine  and  forming  carbtm  trichloride,  C,CI,.  and 

U.  Mg  converted  by  the  water  into  hydrochloric  and  trichluracetio 

C,CI,    +    2H,0    =     3HC1    4-     r,HCl,0,. 

B  T  tic  arid  is  «  colorless  and  extremely  deliijaescent  snhst.ince  : 

Bh  I  wlor,  and  sharp  canslic  taste,  bb-aching  the  tongue  and  de- 

^kytug  lb«  akin  ;  the  solution  is  powerfully  acid.  It  mells  at  6:J3  (;. 
^B.tf^  F.),  and  boils  witbont  deeomp<K<ition  at  l!>t>-'200O  C.  (383-3a2P 
^E  gtring  off  a  Ter7  irriuting  vapor.     The  density  of  the  fnsed  acid  b 

^■l^vwn  trirMomefJatf,  2KC,CI,0,'^1' .<"".''•''"*"'''"*,'"  "'"ij"'*  «'"'y  »^"^ 
^^^^Bmancst  in  the  air.     The  onmuuiium-taU,  )l{^\l^)CjZ\fi  •\-^t^\-^''^ 


< 


!um  am&lgam  is  put  into  a  strong  ■<iuvotu  solation  ol 
_  the  t<>mi>fratun?  of  the  liqaid  rises,  without  dise'ngag 
uid  the  solution  is  roiuxl  to  contain  acetate  and  dUorido  ol 
sodium,  togetbrr  with  caustic  alkali. 


i 


Bromacetic  Acids. — The  mono-  and  (yi-br«minat«d  ! 
by  lifjiliii^'  sivtic  a>  ill  or  ethyl  acetate  with  bromine 
l«0O  C.  {AriijO  ¥  ).  f'lI.Br.COjH  •rysuUizeS  in  deliqn 
drons,  anil  Iwils  at  20t^  C.  (406.40  ¥.).  lis  etXi/lie  tthrr\ 
at  IS'JO  C.  (31«i.-.P  P.).  The  acid  is  conrertod  by  ammonia 
(p.  (i!)U).  C,IlBr,.CO,II  is  a  crystalline  ma.ss  melting  at  4jcl 
liiJO  K.),  and  boiling  at  23i0_2a4O  c.  (44U.GO_453.a=  ¥.). 
inuist  silver  oxide  it  rieldji  bromo-glycollic  aeid,  C',il,Bi<), 
ether  boiU  at  102O_195O  c.  (STT-UC-JSao  I'.).  Trihromaett 
CO,|],  is  prcnlueed  by  the  action  of  watur  on  tribromncvtyl  I 
CtX.'l,  and  by  oxiilatinn  of  bromal,  CBr,.COH,  with  nitric  » 
deliqui-scent  crystals,  melU  at  130O  C.  (2660  F.),  and  be 
(4730  ¥.). 

lodaceUc  Aoid,  mono-  and  </<-,  are  obtained  by  heating  tl 
or  bromiuated  acidii  with  potassium  iodidn ;  also  by  beating 
dride  with  io<lide  and  iodic  aoid.  C,U^.CO,H  (Tystallixe 
laminie,  loelting  with  partial  decomiiosition  at  820  0.  (179. 
rerttvl  into  aeeliu  acid  bv  boiling  with  UI.  Its  elhylio  i 
178Q-1803  c.  (352.40-351)0  F.). 

Cyanaoetlc  Aoid,  C,H,;JO,  s  CH,(CN).CO,H.  forme< 
morKxhloriivetio  acid  with  potassium  cyanide  and  water,  is 
mass  melting  at  about  8(lO  C.  (17(P  F.),  and  decomposed  At 
¥.)  into  CU  and  acetonitril,  CU,.CN,  ^m 

Thlaoedc  Aoid,  C,»,OS,  or  CHj.COSH.— This  ad™ 
Kelcul6,  is  lornu'd  by  the  action  of  phosphorus  peutasiUphi 
amtio  antft  ■ 
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aeons  action  of  water  snd  carbonyl  chloride  on  ethane  (p.  686).  4.  Br  th» 
oxitlAtiou  of  normal  projivl  nknliol  (p.  589),  and  of  propiouio  aldi'lirdi-, 
G,I1,0.  6.  TogflLur  »itli  acetic  ftciil,  by  oxiilizin);  propionc,  (-".IlittO, 
with  ililuto  cHroinic  Arid.  Thus  ig  lliu  process  by  which  it  was  flrst  ob- 
Uined.  6.  Prom  Iaotic<  ncid  and  from  gl>-oerio  soid  by  the  action  of  hy- 
dtiodic  >cid  : 

c,n,o,  4-   211 1    =  CjH.o,   +    H,o   4-    i,- 

Lnctio  ncId. 
C.H.O.    +    4HI    =    CjH.O,    +     211,0    +    21,. 
Oljcena  lUJtiL 

7.  Togetln'r  with  several  other  products,  in  the  fermentation  of  glycerin, 
»n  i  •■' ■  ■•'  of  sugar,  by  the  action  of  putrid  cheese  in  presence  of  cal- 
cic, ite. 

)  ,  1  acid  is  usually  prepared  by  the  second  of  the  above-menllnned 
pnHiessKS.  Klhyl  cyanide  is  addH  by  drops  to  a  niodorately  strong  solution 
o(  potash  heated  iu  a  tubnlateit  retort,  the  distillate  beine  repeatedly 
poured  back  as  long  as  it  sniclls  of  ethyl  cyani<lo.  The  residue  in  the  re- 
tort, oimsiniing  of  ]>o(asBiuin  propionole,  is  then  evaporated  down  to  dry- 
n^  -tilled  with  syrupy  phosphoric  acid. 

I  x'id  is  a  colorless  liquid,  having  a  specifio  gravity  of  0.902  at 

1  -  v.),  and  boiling  nl  14<lo  C.  (2H40  F.).    It  is  soluble  in  water, 

aii  '  water  is  (juite  saturated  with  it,  the  exooss  of  acid  lloals  on 

th  M  the  form  of  an  oil. 

I  i.ites  are  soluble  in  water,     Tlieinniim  tall,  (CjnjO,)Btt-|- 11,0, 

«r_v-  111  rhoubio  prisms,  and  yields  propione  by  dry  distillation. 

Th«i  tUtuT  tall,  C,UjO.Ag,  orystalliics  in  slender  neeilles. 

^uhAiilMtinn-j>riMiuclf. — The  replaceraenl  of  one  hydrogen-atom  in  propionic 
acid  by  a  IihIohI  element,  X,  yields  two  series  of  substitution-products 
distinguished  as  a  ami  A ;  vix. : 


CH,— CHX— CO,H 


Cn,X— CH^— CO,H 

6. 


Cklornprnpionic  artdt,  CjH,C10,. — ^The  a-80id  is  formed  by  deoom- 
poalng  laetyl  chloride  with  water  : 

CHr-CUCl— COjCl  +  11,0  =  HCl  -|-  CHr-ClICI— CO,H. 

It  la  •  thick  liquid  of  specific  gravity  1.28,  and  boiling  at  I860  c.  (3C6.80 
F.).  When  heated  with  moist  silver  oxide,  it  is  converted  into  a-lactio 
acid,  CU, — t'lIOII— CUjll.  Its  ethvlic  ether,  obtained  by  heating  laetyl 
chlf.ride  « ith  alcohol,  boils  at  1440  C.  (291.2°  F.). 

The  S-mi'i  is  pnKluced  by  the  action  of  chlorine-water  on  fl-iodopropionia 
add,  and  by  addition  of  hydrogen  chloride  to  acrylic  acid,  (.'gH^O, : 

Cn»-CH— CO.H    -f    CTH     —    CHjCl— CHj— CO,U. 

It  ■  lie,  and  luelU  at  40.5°  C.  (1M.90  F.).     lU  ethylic  ether  boils 

•I  -  C.  (3U&F.). 

Bremopropionie  aeldt,  C,njBrO,. — ^Tlie  a-Bcid  is  obtained  by  the 
»f  '■  '    iio  acid,  and  by  healing  a-lnotic  acid  (ordinary 

I.V  ■  acid,  is  a  liijuid  which  solidilles  at  — 17°  C. 

(I  ''.  (3!l.'>.»!0  F.).     Its  cthylio  ether  smells  like 

c:  .  (;J"4C'F.),     Alcoholic  ammonia  converts  it 

Im  r  alanine,  C,Hj(MI,)0,  (see  Axinra).     The 

|.4cuL,  (ormcd  by  Uie  action  of  bromlne-watcr  on  ij-iodopropionlc  »csv&,B.Xk&. 

l>9* 


^ 
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bv  addition  of  livdrobromio  aoid  to  sorylio  acid,  is  cTT'ttalUne,  utd  melttl 
at  61.50  c.  (14a."70  I'.). 

a-Iodopropinnic  arid,  C,HjIO„  ia  •  thick  oU,  obUuned  by  the  *e 
of  phosphorus  ioflide  on  «-lactio  scid. 

Tho  S-acid  is  obtninud  hy  the  action  of  phosphonu  iodide  and  a  i 
qauntity  of  water  on  i;lyc«?rii;  acid  : 

ClIjOH.CUOU.OO.H  4-  3UI  =  CH,I.Cn,.CO,H  +  2H,0  +  I,: 

also  by  addition  of  hydriodic  acid  to  acrylic  acid.     It  cryslallini  in  It 
colorless  six-sided  pLites,  having  a  jx-culiar  udor,  and   inciting  at   "S 
(ITU.tiO  V.^  ;  easily  soluble  in  hot  water.     By  heating  with  litrong 
oilio  auid,  it  is  reduced  to  propionic  acid. 

The  di-sabstilution  pro<lucts  of  propionic  acid  admit  of  thrco  modil 
tiong,  via. : 


■CO,H 

The  first  two  modincalions 
known. 


of  the  chlorine 


CHX,— CH,— CO,U 
and  bromine  derirativei  i 


I 


a-Dihmmopmpianir  arid,  CHi — CBr, — CO,H,  obfainpd  by  direct  br 
tinn  of  propionic  or  •-bromopropionic  acid,  melts  at  61°  C.  (Hl.^F.),l 
boils  at  22t»o  C.  (4280  p.).     Ha  ethylic  ether  boila  at  ISKO  C.  (:t740  V.). 

S-Oihromopropionic  acid,  Cll^r — CIIBr — CO,H,  obtained  by  oxidation  rf] 
dihromopropyl  alcohol,  CjH,Br,0  (formed  by  addition  of  bromine  to  all/ 
alvohol),  and  by  addition  of  Br,  to  acrylic  acid,  CH,— C'H— t^O.H,  fnnrti 
oryitala  easily  soluble  in  water,  melting  at  65^'  C.  (1490  K.),  deeompaMll 
by  dialillation.     The  ethylic  ether  boils  at  21 20  C.  (413. tj-'  F.). 

t^Dichhrroprnpinnie  arid,  CH,— CO, — CO.H.  The  ethylic  ethw  of  tUl 
acid  is  formed  by  the  action  of  nlctdiol  on  the  chloride,  CH, — CO — t'OQtJ 
produoe<l  by  the  action  of  phosphorus  pentachloride  on  pyroracemicacid,! 
CH, — CO — CtWH.  It  is  a  colorless  liquid,  baring  a  pleasant  odor  of  applH,! 
a  speiifle  gravity  of  1.249.3  ut  t»,  and  boiling  at  ItiCiO  C.  (32(K  K.).  ll<"«t«l  | 
with  water  to  1.MIO  C.  (302O  F.),  it  is  converted  into  pyroraeemir  add. 

i-Diihli/rnpropionie  acid,  CH,C1 — CHCl — C0,n,i8  formed  by  (be  action  o(  , 
water  on  the  chloride  obtained  by  heating  glyoerio  acid  with  pluupbonul 
pentachloride. 


Batyrlo  aold,  C^I,0, : 
modiHoatious,  viz. : 

CBjCHjCH, 

COOH 
Normsl  butyric. 


iC,H,.CO,H.— Of  this  acid  there  art 
CH(CH^, 


COOH 
Ijobutfrie. 


Normal  Batyrlo  aold,  also  called  Fermntalion  Bvl^ie,  Propt^-ftm 
and  Ethijt-acctic  acid,  occurs,  either  free  or  combine<l  with  basi*9,  In  l»nit-l 
rinds  aud  a  few  other  plants,  in  certain  be<tlles,  in  flesh-juice,  in  hui»«a| 
perspiration,  and  in  varions  kinds  of  decomposing  vegetable  and  aiiiin*!  I 
nialier.  .\.»  a  glycerido,  it  occurs  in  various  animal  and  vegetabli-  fal»i  I 
especially  in  the  butter  of  cows'  and  goats'  milk ;  as  a  hexyl  etUer  in  '!'•  J 
oil  of  Iteracleum  (/iijanlrum,  and  as  an  (n'tyl  ether  in  oil  of  parsnep  (/k***! 
firica  •atiiHi).  It  is  formo<l  by  the  oxidation  of  normal  bntyl  alcohol :  ''Jfj 
the  action  of  nascent  hydrogen  on  crolonio  acid,  CU, — CliTCll— ''t'.H'il 
by  heating  normal  propyl  cyanide  (butyronitril)  witli  alkaliut  or  *t:i<l>i 
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1i;  tlw  action  of  sodium  and  ethyl  iodide  on  etli.vl  acetate  (p.  6S7)  ;  and 
1^  Dm  ft  -■■■'  "'-'-nn  of  sugar  in  uoiiloct  witli  putrid  chccw. 

Thia  '  n  affords  llit>  most  omvpuient  metliod  of  preparing  the 

aeid.      J  :  ii.ttion  talvi'S  plucc,  howi'vor,  only  in  Uvutral  liquid:*,  so 

Ika:  it  is  uecc&i^v  to  add  chalk,  in  order  to  neutralize  the  aoiii  a«  fii^t  as 

M  ii>  ftirTiKil.     The  6ugar  iii  first  c«)nrKrte<l  into  lautiu  and  afterwards  into 

^Bttf no  aiiil.     Tlie  followin);  pro]K>rliuns  (pve  a  good  result :    li  pounds  of 

^^pe-sugar  and  half  an  ounve  of  tartaric  acid  are  dissolved  in  2t>  pounds 

^rttoiling  water,  and  the  solution  is  left  for  some  time  to  allow  the  cane- 

■ili;;^  to  pass  into  ;,'rape-aug&r.    To  this  solution  nl>uut  4  ounces  of  deea^'ed 

cl> |ri,,-.,l  i„  >5  pounds  of  sour  skim-milk,  together  with  3  pounds  of 

<■).  .  i  le<i,  anil  the  whole  is  kepi  for  some  weeks  at  a  temperature 

of  '  .  (is(i0-y50  p.).     The  mixture  is  frequently  stirred,  aud  gene- 

lalii  filiiiiiirs  in  ten  or  twelvu  days  to  a  thick  mass  of  ealeium  lactate. 
This,  liowever,  SOOQ  disappears,  the  mixture  beeiiming  liquid,  aud  the  lau- 
tai«  being  i'onrert«<l  into  butyrale,  with  simultaueoos  evolution  of  carbon 
<lioxido  and  hydrogen  : — 

2C:,H,0,    =    C.II.O,    +    2CO,    +    2H,. 

When  fermentation  is  completed,  a  solution  of  8  pounds  of  crystallized 
•Oilium  carbonate  is  a<lded,  and  the  Ultertni  liquid,  after  concentration,  is 
rl  by  sulphuric  acid.  Butyric  acid  then  separates  as  an  oily 
irb  is  dried  over  calcium  chloride  aud  rectiOett. 
acid  is  a  viscid  liquid  having  a  rancid  odor,  solidifying  at  — 12^ 
.40  F.),  and  boiling  at  Jti30  f.  (3:25.4'^  V.}.  Specific  gravity  (1.958 
C.  (.17.20  K.).  It  dissolves  easily  in  water  and  in  alcohol,  and  sepa- 
from  the  aqueous  solution  on  o/ldition  of  salts. 
le  metallic  butyrates  are,  for  the  most  part,  soluble  in  water  and  crys- 
Ijle.  The  calcium  mil,  (t',ll,()._.)C'a  -f-  11,0,  forms  shining  laminn, 
morit  ftylu/Je  in  colli  llntn  in  hnt  water.  The  kUcpt  sult^  r,ll-OjAg,  crys- 
lu  shining  laminie,  soluble  in  40U  parts  of  water  at  14'^  C.  (&7.20 


ijff  Buiyrate,  C,n,02.C,IT,,  is  a  liquid  having  a  pleasant  fruity  odor, 
;  boiling  at  119"^  f.  (ilij.2^  K.). 

butyrates  unite  with  acetates,  forming  double  salts,  which  react 
salts  of  buly  race  tic  acid,  C',lljO,.C',H,(1,,  isomeric  with  propi- 
acid.     This   acid,  obtninird   in   the   free  state  by  the  fernicntntioii  nf 

■urn  tartrate,  differs  from  jiropionio  acid  in  being  resolved   by  dislillu- 

I  into  butyrio  and  acetic  acids. 

HOfMorohutj/tie  acid,  C,H,C10„  crystallizing  in  slender  needles  and 
ling  At  It'JO  C.  (21(10  p.),  is  formed  by  the  action  of  chlorine  on  batyrio 
^,  hi  pre-e'iioe  of  iiidiue. 
)ut  of  Bre  jHHsible  monobromobulgric  adds,  two,  viz.. 


CUj— CU,— CllBr— CO,H 


CH,— CHBr— TH,— CO,H 
6, 


I  -  .,      _  '  »'«iMn  of  IlBr  to  crotonic  acid.     The  action  of  bromine 
'  liiefly  (he  «-acid,  the  ethylic  ether  of  which  boils 

,1.         i  .-     •■  .'.ll.t)0  K.).     The   two  acids  are  converted  by  IkjII- 

ilh  potash-solution  or  moist  silver  oxide  into  the  corresponding  oxy- 
rio   acids,  C,ll,0,. 

,ramul,utyrir  acid.  C.H,Br,0„  melting  at  4.10-480  0.  (1130-118.40  p.), 
by  further  bromination  of  butyric  acid. 


( 


m 
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Xsobntyrlo  Acid,  H('(<'H3), — ('O.U,  also cAllml  Itoprap^^armue  tnd  JW 

mcOiyl-iiitiir  uiitl,  orr.ara  iu  lliu  friw  »laU:  in  St.  Ju)in'«  lifi'^.i    il.r   fr\ 
Ccratonia  sill'/ua,  and  txa  an  oclylio  ullipr  in  pareui«poil.     ! 
uxidstiuii  of  isobutvl  alcohol,  hy  tlii:  noliott  of  nlkslica  i>r 
propyl  oy.iiiidn  ;  aud  by  the  action  of  sodium  and  mctbyl  iioiuUi  un  < 
acctJiU'  (p.  6(>7). 

This  ttoid  is  vnry  much  li1><<  normal  butyric  acid,  I'll 
abli!   o<ior,  and   is   not  DiisciMo  with  w.ilrr.     It  Iim- 

O.SllO  at  lio,  and  l>oil»  at  U.JO  C.  (lUiy.'JO  p.).     |i^  ,,,  ,,,  ^ 

-<-  filljO,  crystullizcs   iu   nionorliuiu   priBUis,  rm/. ,.  ;  imw 

than  in  cM,     Tlii>  silver  salt  dissolvws  iti  110  juirtJ  .1  v.  mI.  .  i*»3 

F.)-     The  eihglii-  rOitr,  C,H.(),.C,H„  kaa  a  ajMoidc  grarit/  of  0.beif3  at  «P. 
and  boils  at  lltP  C.  (2;«P  I'".). 

liromiiuJiul^ic  acid,  (CH,)/Br.CO,H,  fMrimd  by  )i  i 

with  bromine  U)14*PC.(2S40K.).  forma  cry  stnlsnu-lii 

and  18   partly  deoompoued   bv  boiling.     Its   ••thvli<  •  a  him-i-iim 

gravity  of  1.328  at  (lO,  and  IkIjU  at  158Q-1S1)^  V.  (:'■  i  -O  P.>.     6|f 

beating  with  moiat  silver  oxido  or  baryta-walcr,  tUi^ ..  .  -'uvortad  I 

the  oorrcsponding  oxy  isobatyriu  acid. 

Fentolo  or  Valeric  Acids,  CsH,oO,  n  CJIjOCOH). — 1 

acidis  admit  of  four  mutamuric  moditicatiouA,  namely  :— 


CH,CH,CU,CH, 

coon 

Propjl  acetio. 


cu.caccH,),      cn(cuo(c,u») 
coon  coon 

Isopropyl  accUo.    MelbyleUiflacctla. 


C(CH,), 

rooH 

Trloiritirl 
acrtie. 


The  first  and  second  ar«  obtained  by  nzidalion  of  normal  p^nlylie  t 
isopentylic  or  amylic  alcohol  (p.  583)  renpeclively  ;  llic  third  i«  not  kinivt 
the  fourth  is  produced  from  tertiary  butylic  alcohol  or  trimuthy|.carb 

Propyl-acetio  or  ITormal  Valeric  Aold,  i\H,.('OOTt,  iitanoiiyi 
smelling  like  butyric  acid,  having  u  sp.  gr.  of  O.U&77  at  (f->,  and 
1850C.  (3650F.). 


Isopentolc,  Isopropyl -aoetlo  or  lao^alerio  Aoid  ' 

acid),  ufumra  in  vaii-riaii  root,  in  angflica  riMil,  in  llm  U'lr 
ro»e  (  I'ltiirnu/H   Hjmttu),  and  probably  in  nmriy  titlH'r  jil 
dnoed  by  the  oxidation  of  ordinary  amyl  aliolml,  either   ■ 
atmospheric  oxygen  nmler  the  influenee  ■■<  ..i..iit......   1.: 

luenl  with  aqueous  chromic  acid,  or  by  h' 
jHilasb  and  quick-lime,  the  reaction,  in  lli 
evolution  of  hydrogen : 

c,n„o  +   Koii   =  c,n,o,K  +  2n,. 

Tho  potassium  bbU,  dislillei!  with  sulphurle  acid,  rb-Mi  the  aci.I 

The  most  adTnntacfOiis  m<Mle  of  preparinR   i 
amyl  ahudiol  with  a  mixtnru  of  Bulphuric  auiil 
4  parts  of  the  diihroMiute  in  ]"i     '        '        • 
of  water  are  mixed   in  a  I'lipm 
aildnd  hy  eranll  porii."-    "ni. 
Into  eold  water  to  ni' 
appears  cdmiili'li-,  lli 

produi't    I  'i    t'»ev»«  uf  ratitilui    p" 

Reparat<xl  Hy  fpmt  a  iinnKtmt,  ■ 

u/)On  It,  ccaifcihlini;  uT  amyl  vali-rale.    The  ulkaliuc  wluUi'ii  ia  lUru  of 


iwkW 

.  prv 
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rst«>d  to  k  •mull  bulk,  nnii  dnconiiKioiMl  l>v  ililnio  viilpburi'-  ncid  in  pxc«ii9. 
The  prent«"r  part  «(  th"  vnlcric  acid  then  -  .-  on  oily  liqniil  Ii)!litiT 

than  water:  tlas  is  u  liylrnt*'  Ciinsistini^  1I,0.     Winn  illKtilli'd 

ilon«,  it  undrrgiir<.  drt-ninpiK-itiim  :  WAltj.  »mii  h  littln  of  tlie  aoid,  Utit 
il'lfAn,  nml  I'vntiinllr  llio  jxirt*  acid,  (',11, „0,,  in  the  form  of  u  thin, 
nioliilf,  colorlitD  oil.  Iinving  tlie  pi'rsistcnl  uiiil  charaelfristic  odor  of  vale- 
riiui  root.  It  hn»  a  slinrp  and  a<.'i<l  ta»t<<.  retldens  litmus  Ktrungiy,  blcaoli>4 
tke  ton^iKN  and  bums  wlx-a  inllninwl  with  a  bright,  yet  nnioky  lii:ht. 
Uovaltrio  ai-id  lias  a  density  of  0.;t47  at  ll^;  and  boils  at  17JO  C.  ('M'l'^  ¥.). 
hlaivxt  in  mntai'l  wiUi  wali'r,  it  alMorbi)  a  ctirtain  quantity,  and  is  itself  to 


■  \. 


1- 


'  or  inactive  to  i>olarizi>d  liglit,  accordingly  an  It 

'■'■-  .ittive  or  inactive  auiyl  Wcxihol.     That  wliii-h  bna 

ih*"  active  alcohol  prcxtuces  a  right-handed  rotation  of 
"linietres  long.  The  difference?  between  these  two  acids, 
like  tlint  ol  th«  aloohnls  from  which  they  are  derive<l,  is  probably  due  to 
difference  rnlhiT  of  moletiil/ir  than  of  atomic  arrangement  (p.  491). 

The  niclallic  isovaleralcs  are  greasy  to  the  touch,  and  mostly  crystalliie 
with  dillicully.  If^mall  fragiuenlaof  them  thrown  on  water,  rotate  on  the 
•  nrface  a^  Ihcy  iliRsolve.  The  barium  mIi  ((',lI,Oj),Ba+  H/1  u<<nally  erj'stal- 
liics  in  Chin  lamin;^,  soluble  in  tw<i  part.'j  ot  cold,  and  in  a  smaller  (|uaniity 
of  warm  water.  The  zinc  udl  ((.'jll/ljJ.Zn  forms  shining  scales.  The 
nlrrr  mil  (.'jH/ljAg  forms  scnlcij  solubly  in  6411  parts  of  water  at  V!0O  C. 
itii^O  v.).  A  solution  of  potassium  valerate,  subjected  to  electrolysis, 
yiel  '.  C.ll,.  (P-HI57). 

/  "'«,  f'sll,t>,.l',,llj,  is  obtained  by  passing  hydrochloric  add  png 

into  an  iution  of  valeric  acid.     Ammonia  converts  it  into  vale- 

lainidc,  '  It  i.i  decoiuixwed  by  soilium  in  the  same  manner  as 

ethyl  accL.ii.  ( |>.  -JO?),  yioldiug  aodiuiu  etliylalo  and  the  sodium  salt  of  on 
•ckl.  C,jH^<), ; 

4Na    -f     3(C,ni.Cjn,0,)     =     SCjOjOXa    +     C,sn„0,Na . 

Cblorovalxbic  Anns. —  TriclilorUomleric  acid,  C'jH.niOj,  obtainc»<l  by  the 
prolonged  action  of  chlorine  on  isovaleric  acid  in  the  ilark,  aided  towards 
the  end  of  the  process  by  a  gentle  beat,  is  an  oily  liquid,  becoming  vitv 
viicid  at  IS'J  C.  (ti4.40  F.),  perfectly  mobile  at  'Stioc.  (hijC"  F.).  In  coii- 
Uci  with  water  it  foruis  a  very  viscid  hydrate,  which  sinks  to  the  tiottoin. 
It  diMolvM  in  aqueous  alkalivs,  and  is  precipitated  by  acids  in  its  original 

ItAto. 

T'  ■■ "  --"i-nlerir  iirid,  f,H,Cl,0,,  is  the  ultimate  product  of  the  action 
of  I  the  precj-ding  conipoiind,  ai<led  by  exposure  to  the  sun.     It 

i*  :i  ■ .  iiilorlesa  oil,  dcHlitute  of  oilor,  of  |)OWerfully  pungent  tiiste, 

kn-1  I  .tn  water.     It  can  neither  lie  solidified  by  cold,  nor  distilled 

»iti  '  <i|M><iitiun.     In  contact  with  water,  It  forms  a  hydrate  contain- 

ing L(11,L1,0,.1I,(),  which  is  slightly  soluble  in  water,  easily  soluble  iu 
aluuLul  and  ether. 

Weopentole  or  Trimethyl-acetlc  Acid,  (CHj),C.rOOH,  to  obtained 

•"      •     ■  '        t   i,Hlide,  friljjCI,  \,y  couveriing  this  ether  into  thu 

iiiR  the  latter  with  potash  ;   also  by  oxidotion  of  pina- 

11  •>,..    It  is  ft  laminar  crvstnllii'ie  mass,  melting  at 

i.).  and  Ix.iling  at  Uao  V.  (.VJl.^  F.).     It  smelto 

Iv.  s  in  40  parts  of  water  at  200  C.  (tlSO  P.). 

J  '  +  ''11,0,  and  the  calnim  tail,  (C:,U,0,),C» 

+  1  -  or  prisma. 

Till,  nirn  m(i,  'jH,!.),  >j;,  is  oht«in«d  by  precipitation  In  glittering  span- 


gteti.  The  tthglic  aker,  C,H,0,.C,Hj,  has  •  specific  grkvitf  of  0.8772  at  00, 
aatl  boils  at  US.50  C.  (itfi.SO  F.). 

Hexoio  or  Caproio  aolds,  C,H„0,  =  CjH„.CO,H. —There ire 
eight  possible  furins  ot  these  acids,  aualugous  to  tlia  eight  pentyl  atcoholt, 
aud  five  uf  theiu  are  kuuwii,  viz. : 

1.  Normal  Caproio  or  Pontyl  formic  add,  CH,(Cn,),.CO,n.— TTita 
acid  is  foriui'd  syiiihoticully  by  heating  normal  pi-ntyl  cyanide,  CHi '  i' 
CN,  with  slroiij;  polash-aolution.     It  is  also  produced,  together  will 
acids  of  the  fatty  series,  by  the  oxidation  of  albuminous  sulistanci-s,  auw 
of  fatty  acids  of  higher  atomic  weight.     It  occurs  in   the  free  stale  in  pit- 
spiration,  as   an  ootylic  elher,  CgUnOj.CjHi,,  in   the  volatile  oil  of  cum- 
parsnep  (p.  SUl),  as  a  glyceride  in  the  butler  of  cows'  milk,  and  tbuoii- 
antly  in  cocoa-nut  oil.     Krum  this  oil  it  may  l>e  prepared  by  saponiriinr 
with  strong  soda-lye,  and  distilling  the  soap  with  dilute  Bnlphuri' 
The  distillate  contains  laiproic  and  caprylio  acids,  and.  when  neni 
with  baryta  and  evaporate<l,  yields  crystals  of  liaritiui  caprylate,  and  met- 
wards  verucose  crystals  of  the  caproate,  which,  when  decomptjsed"  by  *lU- 
pburic  acid,  yields  raproic  acid. 

Normal  caproic  acid  is  a  clear  mobile  oil,  having  a  somewhat  sudorite 
and  pungent  oiior,  a  specific  gravity  of  0.945  at  (P,  0.isy5  at  »»"t'.  (2in.-,'- 
F.),  and  boiling  at  205O  C.  (4<)1o"K.).     The  barium  salt,  (C,U„0  ■ 
311,0,  dissolves  in  l>-7  parU  of  water  at  iic  C.  (73.4<^  P.).     Th. 
ether,  C,H„.0,C,H„  huH  a  fruity  smell,  aud  boihj  at  16TO  C.  (332.(jO  K.J. 

2.  Iiocaprolo  or  laopentyl -formic  add,  Cn(CH,),.CH,.CH,  ri  I" 

prepared  from  isopentyl  (auiyl)  ivani'le,  has  asperilic  gravity  of  (>.'.'. il 
and  boils  at  l!t!IQ_2(ioO  c.  (3y0.'2C^:«l2O  F.).  "  lla  odor  resembles  i;.. 
the  normal  acid,  but  is  stronger  and  more  liisagreeable.     The  calnum 
(C,II,|0,),Ca+3U,0,  dissolves  in  9  parts  uf  water  at  l&o  C.  (64.4°  F. 
The  eihi/llc  ether,  C,H„0,.C,IIj,  has  a  speoillo  gravity  of  0.887  at  OO, 
boils  at  ltJO.4^  C.  (320.70  F.). 

3.  MetbyllBopropyl-aoetdc    acid,  f,,w«jj  ?»^CH.CO,H,   prej 

from  the  iodide  of  mcthyl-isopropyl  cirbinol  (amylene  hydrate,  p.  iSS)i 
through  the  iiiixlium  of  the  cyanide,  is  an  oil  having  a  fruity  smell,  lit 
oalciiim  salt  crystitUizes  in  scales,  and  is  more  soluble  in  cold  than  in  hot 
water. 

4.  Diethyl  acetic  add,  ^'[{s^CII.rO,!!,  prepanwl  by  the  action  (if 

sodium  and  ethyl  iodide  on  methyl  acetate  (p.  ijt>6),  is  an  oil  spsringlj' 
soluble  in  water.  lU  uUvermlt,  C,H„0,Ag,  crystallizes  in  shining  needlA 
The  eOiylic  rihtr,  f,ll„<),.C,Hj,  boils  at  1510  C.  (303.8^  p.). 

Dlmetbyl-etbyl  acetio  add,  [,'^,|>^«|  C.CO,n,  formeil   f^om  tcrtitry 

butyl  iodide,  (<.'ll,),(C,n,)CI,  tlirough  the  me<lium  of  the  evanide,  i»  » 
liquid  which  boils  at  lt>70  C.  (8(i8.i>0  p.),  and  solidifi.>s  in  the  crjitJtUino 
form  at  14°  C.  (57.2^  F.).  lu  barium  aalt,  (C,H„0,),B»  +  5H,0,"  crysUl- 
Ilzes  in  large  liuninie. 

Heptolo  aclda,  C,n„O,=C,n„.r0.H.  Of  the  17  poraibla  modi- 
fications of  these  acids,  one  only  is  accurately  known,  vis.  : 

JVorm.i/    HrplnicnT   (Entinlhflie    o  cirf,  rn,(rH,),.CO,H.  whichj 
formed  by  the  action  of  boiling  p<ilafi'hon  nnrtnal  hexyl  cvaiiido,  CH,(CH| 
tTV,  bjr  the  oxidation  of  normal  heptyl  aladuil,  andfroiit  oenanthul  or  iM 
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tote  »ld«hy<le,  C,n,,0,  (|>.  672),  by  oxiiintion  in  the  nir,  or  with  nitrio 

AOi'l.  or  Hrilli  cliroiriiv  a<'irj  ;  .iIbk  by  nxUitilion  of  >'n8tnr-nil  Willi  nitric  ai'I'l. 

(Kiiantlivlic  nciil   i»  a   (riinii|>iir!iiit  c<.ilorl<'»rf  nil,  linvin^  »n  un(il><iu<ftnt 

ndor  like  lli.it  of  civlllsli.     It  lK>il8  at  ^:::iO  C.  (4:M.40  v.).     It  ia  insoluhle 

in  water,  hut  «<>luhlo  iu  alcohol  ami  eth>'r.     Whi-M  Iii'uImI  with  hnrytn,  it 

eivM  off  hcxunts  (.',U,,,  lli«  huryt»  ahhtrncting  cnrboji  dioxiilo:  CtH„0,^ 

C<J,-(-(.',Il„.     The  potasaium-sttit  Mubjectol  to  electrolysis  yic-lil))  di  h«  xy  I, 

r,,ll^.       Tho  cnlrium  mil,   ((/,ll„(J,),.Ca4- HjO,   crystallin»   in    tlntti-ni<il 

•i.lul.h-  ill  100  part."  of  water  at  ijO  C.  (46.40  f.).    Thn  tihylic  rlhtr, 

'  .11,,  h.ns  a  fruilv  mlor,  a  Hpeui&F  gravity  of  U.h73  at  IB'-*  C'.  (iiO.bO 

f.;  .'(370.-JO  K.). 

.\  :.'ts  Lmtti  obtained  by  the  action  of  amyl  iodiilu  ou 

.||U.>...   -- ;-..,:.:i.fO,C,Hj. 

Caprylio  Acid,  r,H„0,=C,H,|i.CO,H,  occurs  as  nglyoeride  in  tho 
butler  of  cowti'  milk  and  iu  ixioou-nut  oil;  it  in  also  found  in  Heveral  kinds 
of  fuBfl-oil,  partly  free,  partly  as  an  vthylic  or  amy  lie  uthi<r.  It  is  licst 
prepared  by  SMpoiiilicatioii  of  cocoa-nut  oil  ;  its  barium-salt,  being  very 
«|>ftriU(.'Ir  sotuhli',  is  i<iu«ily  separatMl  (rum  the  barium-salt  of  caproic  acid 
Umiu  '  ■  '  ^anif  time. 
(  I  h:i!i  a  faint  but  unpleasant  odor,  especially  when  warmeil. 

It  •<  i-'O  f.  (.ixip  p.),  melta  at  15°  c.  (50O  V.),  and  boils  at 

J3'  ':Mt;0.4c  K.).     Whon  boiled  with  nitriu  acid,  it  ia  con- 

rer''  prylio  acid,  C,H,j(NO,)0,. 

PruD»ry  wlyl  alc«hcil,  C',H,,U,  obtained  from  Ileraclcnm  oil  (p.  501), 
vi<'(H»  hr  oxidation  with  clirouiio  acid  an  acid,  C,1I„0,,  solidifying  at  liPC, 
•  ),  melting  at  IG— 17^  C.  {W).bO~(i2.<jP  F.),  boilinj!  at'siWO-'ilBO  C. 
-||><I.4'^  p.),  and  doubtless  ideiili'ul  with  the  eapiylic  acid  of  natu- 
jjti  iiw  :  but  the  priiiiiiry  otlyl  alcohol  obtained  fri>m  Iho  octane  of  Ame- 
rican (xitioleuiu  yiel.is  by  oxiilatiou  an  neid  isomeric  with  the  above,  in- 
asmuch »»  when  lloaliiig  on  water  it  remains  liquid  at  0>. 

.\»  lli«  primary  octyl  alcohol  of  ileravleum  oil  is  an  iso-alcohol  (p.  SSll), 

1    Iblbiws  that  the  caprylio  acid  formed  from  it  by  oxidation,  and  there- 

iLlao  that  obtained  from  natural  fats,  muat  be  an  iso-aoid,  via.,  iso- 

-4»ptyl-f.,rmio  acid,  |{»^>Cn— (CH,).— CO,U. 

Pelargonlo  or   Ronyllo   Acid,   C,H„0,  =  r|,n„.ro,H,   was 

jIlrKt    ••tilained    from  the   leavi's  of  the  giriiiiiuni   ( rvlnrfloniiiin    rogntm),  in 

•    >       ••      I      -'-Is  ready  formed.     It  may  be  procured  in  large  quantity  by 

nitric  acid    upon   the  essential  oil   of  ruo  (which  contains 

ketone,   C,!l„.CO.rH,)  ;    also,  together   with  several  oilier 

itty  series,  by  the  action  of  boiling  nitric  acid  on  oleltj  acid. 

led  synthetically  by  the  action  of  boiling  alcoholic  potash  on 

■  »:tyl  cyanide.  r,H„.f'N,  prepared  from  the  mtyl  alcohol  of  llera- 
1.     It  is  a  li<|iiid  having  a  slightly  unple.isant  odor,  sotidifving 

li-WC.  (53.6'^'i4.50  F.),  and   lioiling  at  25.'K^2.")4o  C.  (4S7.4Q- 

). 

■  •-'"-rfinintr,  r,n„("<,.r,rij,  may  be  easily  prodnced  by  dissolving  the 

alcohol,  and  pansitii;  n  current  of  hydrndiloric  acid  Ibrnngh 
It  is  ft  liquid  of  specific  gravity  0.8(12.  and  Ixiiling  at  2.MIOC. 
<4f.iC>  v.).     It  has  a  powerful  and  most  intoxicating  vinous  odor. 

Tli«*  arom."*  pix>«i>ssed  by  certain  wines  appears  bi  be  due  to  the  presence 
of  •  1  -irgonic  acid,  which,  in  this  case,  is  probably  gi-nerated 

«Jur  Ti.  When  such  wines,  or  the  nwidiies  of  their  fermenta- 

tion, »r"  .11-1111. -1  on  the  large  scale,  an  oily  liquid  passes  over  towards 
U»*  bIom  of  th»  operation,  which  conjists,  in  a  groat  Tae»saT«,  ot  W«  «xvA« 
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ether :  it  may  be  purifled  hy  agitstinn  with  Bulation  of  potassiuni  cirl 
ate,  freed  from  wat«r  by  n  few  fragtm-nts  of  ralciam  cliloride,  and  rtiU 
tilled.     Thti  jH^Iarifiinic  pIIht  ohtaim-d  by  this  proOBSS  was  brigiually 
scribed  as  ananthic  tl/ier,  and  thu  acid  as  crTjufiMir*  acid. 

Rntlo  or  Caprlo  Aold,  *'io^'»^)- — This  a<iid exists  as  a gIjA 
In  ordinary  butler  and  in  cocoa-nut  oil ;  it  ort-urs  also  in  several  kini 
fu»cl-oil,  and  is  fomiwl  by  the  oxidation  of  oleic  acid  and  of  nil  of  i 
It  may  be  obtaiupd  pure  and  in  tolerable  qnautity  from   It 
remains  in  the  distillatiou  of  the  fusel-tiil  of  the  Scotch  di- 
afler  llie  nniyl  alcoliol  lias  bwn  distillwl  off  at  1320  C.  (J......  I  .,. 

residue  exmsists  chiefly  of  amyl  rutato,  t'io'^i»^j-'^'i''ii'  »""!  when  JisltU 
with  potash  gives  ofl'  amyl  alct>hol  and  leaves  pntassium  rutate,  fr«an  nl 
the  rutic  acid  may  be  obtainoil  by  distillation  with  sulphuric  acid. 

Rutic  acid  is  a  colorless  crystalliue  body,  having  a  slight  odor  of  < 
goat,  becoming  stronger  when  the  acid  is  wanned,     it  melt«  at  2T-30O( 
(BO.tWitJO  F.),  boils  at  2tf8-27(P  C.  (.il4.4-51»o  p.),  is  very  soluble  in  poI| 
alwdiol  and  ether,  insoluble  in  oold  water,  slightly  soluble  in  boiling  wati 
and  dissolves  without  alteration  in  strong  nitric  acid. 

The  metallic  rulates  are  mostly  sjiaringly  soluble  in  water.  The  barinll 
salt,  (C',,ll|,Uj)2Ua,  separates  from  solution  in  boiling  water  in  nee<llr-»h»jw 
ur  large  prismatic  crystals  which  float  ou  the  water  if  not  moistened. 

Iianrto  Aold,  CuH^O,,  occurs  as  a  glyceride  O'orostearin)  (n  tli* 
fat  of  the  bay-tree  (Laurii  nobilin),  and  in  the  solid  fat  and  ve.l-i 
picliurim  beuns  {FulKt  J^churim  mo/.).     It  is  prepannl  by  sapon 
tats  with  caustic  alkali,  and  decomposing  the  res^ulting  sonp  witi 
or  hydrochloric  acid.     It  likewise  o<:onr8,  together  with  other  fatty  a»iil 
or  their  glycerides,  in  cocoa-nut  oil  and  the  oils  or  fats  of  several 
plants,  also  in  epermaooti ;  and  is  aeparat(<d  from  the  mixtures 
acids  resulting  from  the  sap<^milieation  of  these  autatancea  by  a  oomj 
process  of  fractional  precipitation  with  barium  and  magnesium  aalta,  i 
tile  details  of  which  wc  cannot  enter.* 

Laurie  acid  is  insoluble   in  water,  but  dissolves  easily  in  alcohol 
other,  and  crystallizes  from  alcohol  in  white,  silky  needles,  which  mrllO 
about  430  c.  (lOii.40  F.). 

The  laurales  of  the  alkiili-metals  and  of  barium  are  soluble  in  ««ler; 
the  olhiT  salU  are  insoluble  or  sparingly  soluble.  The  caidum  mit, 
(C,,H^()j),Ca,  is  reeolved  by  distillation  into  calcium  carbonate  and  laaro- 
slearuuu; 

(C„UnO,),Ca    =    CO,Ca     +     C^H^O. 

Myrlatlo  Acid,  r.^n.^O,,  occurs  as  a  glyceride  in  nn'         '    •'r 
and  Otoba  fat  ;  also,  togother'with  lanrio  acid,  in  Uika  bre.id , 
Maniri/'n-a  giilion'iuiit,  an  Afric.tn  tree  :  and,  together  with  oth.. 
in   «>«.a-niit  oil   and  spenn.nceti.     It  may  be  produc«-d  from 
(celvl  alcohol)  by  healing  with  a  mixture  of  potash  and  lime,  11  ^i 

Iwiiig  doubtless  due  to  the  presence  of  methal  or  myrlsUo  alcohol,  l.„U|^ 
in  the  orrde  ethal  (p.  594)  : 

C,.n»0    +     KHO    =    C,,H„0,K    +     2H,. 

Lanrio  acid  is  likewise  produced  by  a  similar  process  from  crude  ethal, 
doubtless  because  that  substance  also  coi>Uius  lethal  or  lauric  al^iuoi. 
C,.H^O.  . 

Pure  myrlstlc  aold  I»  most  easily  obtained  by  saponifloallon  of  Otoba  lai 

•  See  W«tt»'i  DVattooMS  of  Chemlitrj,  rot.  111.  p.  a*. 
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I  iiaritttea  Otahn).     It  fumu  white,  shilling  orystallino  laminiv,  mclt- 
I  at  53.93  C.  (12)!.^o  v.).     It  in  quite  iiisol u hie  in  wnti-r  and  in  etlic>r, 
tdi«<ilvi«  i<a.'<ily  in  hot  alcohol,  and  cry«tallize!i  Ihi'refroin  on  couling. 
tnttsi  of  tli(<  alkali-metals,  C,,ll,,0,K,  etc.,  are  soluble  in  watej, 
iiposixl   Iheroliy  (like  the  sleariiteit).     The  other  myristaluii 
r  ■pnriii^'ljf  soluble,  and  are  ol>tuine<l  by  jiroci|iitati<iu. 
'■:  ■'     il       '    .".t'^)!!  the  gl.voeriile  of  m.vriatic  aeiil,  is  olitained  liy 
tin,{    iia'.tii',"-    i"i»een   hot  (daleti,  exhaunling  the  crude  fat  thus  ob- 
witti  itpiriu  nf  wine,  and  cryslnllizing  the  undl.sgulved  portion  from 
;  ether.     It  is  a  cry»tulliuo  fat  having  a  silky  ludtro. 

palmitic    Aoid,   C,,n„0,,   oocurs  as  a  glycerido  (tripalmitin)  In 

'  ■•  •!  fats,  ulti II  associated  with  sti'urin.     I'aliu-oil,  the  iinxlucuof 

^<.<,  Chinese   tallow,  the  piXMluce  of  the  talUiw-tri-e  (^Stittintjia 

'   Japan  wax,  from  /Mru  tuccedanrii,  consisl»  mainly  of  tripal- 

It  uitic  aciil  is   easily   prepared   by  saponifying   palm-oil  with 

-  il,  deoomjHising  the  soup  with  sulphuric  acid,  and  crystallizing 

su^AraU^l  fatty  a^jid  several   tim'-s  from   hot  alcohol  till  il  exhibits  a 

•taot  melting-point.     Chinese  titllow  muy  lie  sniHinifiiil  with  alcoholio 

>b,  and  Japan  wax  by  fusion  with  solid  potassium  hydrate,  and  the 

I  treated  in  a  similar  manner. 

jlic  .'icid  exlsla  also  as  cetyl   palmitnto  (cetin),  fuIIwC,,!!,,©,,  in 
■■o<ti,  and  as  myricyl  palmilate  (luelisKJn),  C,(,il„.C,,ll,,0,,  in  be««'- 
It  is  produced,   together  with  acetic  acid,  by  m.-ltiiijj  oleic  acid, 
Cuil^O^  wiUi  poLftssiuin  hydrate : 

C|»Hi|Oj    +    2Kon    :=    C„llj,0,K    +     C,II,0,K    +     II,. 

Palmitir  aoid  is  a  colorless,  solid  lioily,  without  taste  or  smell,  lighter 
than  water.  It  is  insoluble  in  water,  but  disi>olvi>s  abunilantly  in  boiling 
aloihol  or  ether.  The  sohitioiis  are  acid,  and. when  coiieentr»te<l,  soliilify 
ia  a  moss  on  cooling.  When  dilute  they  yield  the  ucid  in  tufts  of  slender 
■ndUa.  It  in. -Its  .it  02^  C.  (14:i.()<^  F.),  ami  soliililies  on  e<iuliii>;  in  a  moss 
•f  thtniug  iijkcreous  lamin^j.  When  heate<l  in  a  di»h  it  l*oils  and  eVH|M> 
ratrs  without  residue,  and  may  bedistillwl  almost  without  change.  When 
gently  h«at4xl  in  the  air,  it  is  but  slightly  altiTwl,  but  at  higher  tempera- 
Isrca  it  takes  Are,  and  bnrns  with  a  bright  smoky  Ihime  like  other  fats. 
h  is  attacked  by  chlorine  at  lOUO,  giving  off  hydrochloric  acid,  and  forming 
oily  suhstitution-pruduuta.  Ueated  with  aloihols,  it  forms  oomiKiund 
•then. 

Palmitic  acid  forms  normal  or  nentral  salts,  having  the  composition 
•IC„H„0,  for  univalent,  and  M"(C„ll„05),  for  bivalent  metals,  and  with 
the  alkali-metals  also,  acid  salts  analogous  to  the  aei<l  acetati's.  The  nor- 
mal [>altuitat<4  of  pota.ssium  and  soilium  arc  soluble  in  water  anil  alcohol; 
U»»  rtiil  are  insoluble,  ancl  are  obtained  by  precipitating  a  metallic  salt 
ViUi  an  alcoholic  solution  of  sodium  or  potassium  pnlinilate. 

EAfl  filmilult,  C,IIj.C|4H„(>,,  obtainetl  by  passing  liydnwhlorie  acid  gas 
iato  a  saturatiwl  alcoholic  snlntiou  of  palmitic  acid,  orystallizc-s  ii.  prisms, 
ud  melts  at  •JA-'  C.  (75.20  K.j. 

Ol/eer/l    Palmitstes   or  Palmitlns. — ^There  are  three  of  those 

^|kcr»— vix.,    Mnnn/Mlmitin,   r,II,,|  [.^'")'^,  ,  <fi>i<i/m.>i,i,  C.Hj  j  V"  ,,   f,  ,   , 

|Ht   Iriftnlmitin,  f'jlI;((',«Hji'>j),.     The    lirst   and    second   are  ohtaiiie<|   by 

T#atmg  palmitic  acid  with  glycerin  in  sealed  tuN-s;  the  third  by  heating 

•  mixture  of  1  part  of  nionopalmitin  anil  10  parts  of  palmitic  acid  to2.')(P 

C.  (4>>:N'  K.>  for  twenty -eiglit  hours.     They  are  all  crystalline  fain.     Tri- 

yslwilia  thus  obuini-d  melu  at  4tiO  C.  (114. fO  F.).      Nalv\ral  vmVtuvUn, 
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ohtiunod  from  p>lm-oil  and  other  fnts,  has  the  oompoaition  of  tripalmKin, 
but  exliiliiU  tlircii  isonu-rio  (or  rather  allotropic)  luwIificAtioiM  (like  tiiOM 
of  stiariu)  mrlliug  ri-tpfctivi-ly  at  46^  f.  (n4.&^  V.),  G1.70  C.  (l-ti.P 
P.),  anil  U2.b-'  C.  (14JO  F.):  thu  flr^l  appears  to  be  idiiitiual  wilb  u-U- 
fiuiiil  tripitluiitiii. 

Talm-oil  uoiiics  chiefly  from  the  const  of  Africa.  It  has,  when  fn^h,  % 
dwp  oraugo-rLiI  tint  iiml  a  very  agreeablo  o<lur:  the  txiluriM);  iiuitler^U 
nature  of  whicli  is  uiilciiowu — is  easily  dealro.V(«i  by  exixmure  to  lirlilt 
etipeoially  at  a  higli  temperature,  and  also  by  oxidizing  ageittd.  Tb"  ml 
nieltj)  at  21^  C.  (^0.^!0  K.).  ISy  cautious  pressure  it  runy  l«  separat^l  mt« 
fluid  olein   and  solid  pulmitin,  wUicli,  when    puriliol    by   ei  j 

from  hot  ether,  is  perfivlly  wliil«,     Uy  keeping,  palm-oil  seen  < 

change  similar  to  that  produoxl  by sa]ionilic-ation  :   inthirf  sl^it.    m  ,-  .>J 

to  contain  traces  of  glycerin  and  a  considerable  quantity  of  oleic  iiit, 
together  with  palniitiu  acid.  The  oil  lieconies  harder  and  rancid,  suil  tM 
multiug  point  is  raised  at  the  same  time. 

Margario  Acid,  fitl'M^^j- — This  name  was  formerly  applied  to  la 
acid,  inteiiiii-»li.ite  lielween  stearic  and  palniitiu  acids,  8Up|>o.se.i  to  Iw  lin>- 
ducMxl,  together  with  others,  by  the  sa(Kiuification  of  natural  fat«  ;  liut  it  H 
now  restricted,  for  niusons  to  lie  prcBenlly  iDeutiomil,  to  au  acid  prrpoml 
byadetinite  reaction — ri2.,  by  the  action  of  boiling  alcoholic  potash  ua 
Cutyl  cyanide : — 

CulI„CN    +    KOU    +    H,0    —    Nn,    +    c„n„o,K . 

The  solid  potassium  salt  thus  obtained  is  discomposed  by  boiling  dilut* 
hydrochloric  acid,  and  the  separated  margariu  ai:id  is  purified  by  precipi- 
tating its  anmioniaual  solution  with  barium  chloride,  decomposing  the  pre- 
oi]>itute  with  hydrochloric  acid  and  ether,  separating  the  ethereal  solutioB 
by  means  of  a  pipette  ;  and  distilling  otT  the  ether.  It  forms  whit«  orjrv 
tals,  melting  at  5H.yo  C.  (13!t.S^  K.),  and  is  intermediate  in  all  its  proper- 
ties  Ijelween  palmitic  and  stearic  acids. 

The  so-calleil  margariu  acid,  obtained  by  the  saponifiration  of  uatani 
fats,  and  regarded  by  Chevreul*  and  many  other  chemists,  as  a  diitioel 
aciil  having  the  cimipiwition  t'ljllj/'j,  has  been  shown  by  lleintz}  toboi 
mixture,  resolvable  into  stearic  acid  and  other  fatty  a<'ids  of  lower  mcltiog 
point,  chiefly  palmitic  acid.  8uch  mixtun^  of  solid  fatty  acids,  or  of  Ikt 
corresponding  glycerides,  cannot  be  comjilelely  resolvinl  Into  their  coiutt- 
tuent  fats  by  crystallization  from  alcohol,  ether,  or  other  solvents,  wbidi 

was    the   method  of  separation    resorted  to  in  the    earlier  iiiv     ■    '. 

The  only  eflectual  melliiMl  of  separation  is  to  subject  the  ali-oii 

of  the  acids   to  a  series  of  fractional   precipitations  with   acii...^  ..;  .-j-'. 

barium,  or  magnesium,  the  stearate  then  separating  out  first. 


ent  of  the  more  solid   fats  of  the  animal  kingdom.     It  is  most  abiiixlAnl 
in  lhe«e,  ei4])ecially  ill  beef- audmutton-suct ;  but  exists  also,  I'  ■' 

pnliiiitic,  myristic  acid,  etc.,  in  the  softer  {ats>  such  as  the  In. 
milk,  human  fat,  that  of  the  goose,  of  ser|>enls,  of  caiithnriii..-'.  aim  m 
aiM-rinaceti,  It  occurs  also  in  vegetable  fata,  es(>ecially  those  of  c»tV>' 
beans,  of  the  berrii-s  of  Coerulus  intlirus,  and  in  shea-butter,  obtained  fWo 
the  nuts  of  liiiAtiu  Jiirkii,  a  tree  growing  in  West  Africa.  In  all  titiw  fatt 
it  occurs  as  a  glyoeride,  but  in  that  of  uocculua  grains  aUo  in  lliu  in* 
sUU). 

•  RrchrrfKet  tur  let  corpi  grot  i'orijint  antmalt.    Piirii,  IrjS. 

f  tor  re.ciLiice^  o  tieluliUmeuiutre,  noe  U iiieliu's  JlsaUbitok,  rot  \r,  p  >41> 
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I  »ciJ  U  prepared  from  beef  or  m  u  tton-a  u  et,  or  better,  from 

fat,   hy  sii[H>iiilyiii|:  tlie  fat  witli  sotla-lye,  hentiiig  tlie  8un|>-pA«t« 

■'•T  and  diliilu  tiul]>burio  avid,  remuviii);  tlie  Hepuratod  fatty  acids 

a/ler  coullnjj;,  waHhiog  tbeiu  with  water,  and  then  ditisulving  tliem  in  an 

■mall  a  quantity  o^  ]Missiblu  of  hot  alcohol.     On  cooling,  the  greater  part 

-olid   acid   »e]iarnteii  out,  wliile  the  oleiu  acid  remains  in  wdotioii, 

■  y  b»  separated   by  subjecting  the  ma-sa,  after  draininj;,  to  Btrung 

,  retlissulviiig  the  residue  in  a  aniall  quantity  of  alcohol,  leaving 

irate    by  oxdlng,  and  again  pn-iiaing  the  8uli<i  niUHx.     Kmui  the 

uf  aoiiil   fatty  acidti  thuu  obtaine<l,  the  stearic  acid  may  be  He]>a- 

1  a  <x>Biparalively  pure  state,  by  repeated  cry Mtal ligation  from  con- 

>'  quantities  of  alenhol,  only  tho  portion  which  lirs^t  separates  being 

time  ctdlected.     But   to  obtain  pure  stearic  aciil,  it  is  lietler  to  dis- 

|re  Uta  impure  stearic  acid  (4  parts),  melting  at  Ijti'''  C.  (14uO  F.),  in 

~i  •  qaaulity  of  hot  alc4>hol  tlint  notbiitg  will  separate  out  on  tvoling, 

to  t)0,  and  mix   the  hot    liquid  with  a  lH)iliiig    alcirlmlic  Rolution  of 

■— iiiiu    aot:tat«  (1    part).     The  magnesium-aalt  wliii  li    separates    on 

IS   preiiNeil  and  buileil  for  some  time  with  a  large  quantity  of  dilute 

ilorio  acid,  and    the  stearic  acid   thereby  »e])arated   is  repeatedly 

alliied  from  alcohol,  till  it  melU  constantly  at  (>!K>  to  711^  C.  (1&6.2P 

iiU.b-o  p.). 

»»r)e  acid  is  also  easily  prepared  from  the  fat  of  c<K'culu8-berries,  which 

mainly  of  stearin,  by  saponifying  it  with  potash,  etc.     According 

ftulT  and  Oudemanns,  the  b<!st  material   for  the   preparation  of  stearic 

',  is   shea-butter,  which  contains  about  3U  per  cent,  oleic  acid,  and 

.■.,,,1    -i,.,rir,  but  no  other  solid  fatty  acid. 

le,  impure  stearic  acid  in  pieparwl  for  tlio  mannfarture 
.  by  saiMinifying  some  of  the  harder  f:ifa,  generally  with 
The  resulting  lime-i*oap,  decomposed  by  suipliuric  acid,  yieMs  % 
lluri*  of  fatty  acids,  which  are  prcsBi-d,  first  in  (be  cold,  and  afterwards 
l  higher  temperature,  in  order  to  separate  the  oleic  acid  from  the  less 
Me  palmitic  and  stearic  aciils.  Another  metho<l,  applied  chiefly  to 
a-fHl,  (vmsists  in  decomposing  the  fat  with  super-heated  steimi,  as  do 
under  Ulyckki.v  (p.  UIO).  A  third  methixi  consists  in  treating  the 
t  sulphuric  acid,  and  distilling  the  prinluct. 
earic  acid  crystalliz<-s  from  al<x>hol  in  nacreous  lamina;  or  needles ; 
eless  and  inwlorous,  and  has  a  distinct  acid  reaction.  At  low 
rstures  it  is  heavier  than  water,  having  a  sp<.>ciflc  gravity  of  1.01  at 
,  U'twef-n  !»o  and  IIP  (".  (48.2Q-5(t'i  p.)  its  siM-cilio  gravity  is  the 
that  of  waU-r.  It  melts  at  6U^-6i).'Jf^  C.  (].'.U.2Q_)5(i.GO  F.)  to  a 
eolorlxaa  oil,  which  on  cooling  solidiHes  t<>  a  white,  line,  scaly,  cryslallius 
tanu,  Umino-rrrstallineon  the  fractured  surface.  When  heated,  it  distils, 
ft*r  tb*  roost  part,  without  alteration.  Clilnrinf  converts  it  inlo  cbloro- 
:  aciil,  C',,Uj,t'l(>,.  Heated  with  bromine  and  water  in  a  sealed  tulw, 
I  mnrerted  into  bromoittiario  acid,  C„H„BrU„  and  dibnnuusteario  aeid, 
j,Br,0,. 
Ilvarates. — St<iaric  acid  dissolves  in  a  cold  aqneons  solution  of  alka- 
leorbonatit,  prolwildy  from  formation  of  acid  carbonate,  and  does  not 
^e  rarlKiuic  acid  and  form  a  mono-.icid  salt,  till  heated  to  alwut 
h>n  the  other  hand,  the  stearates  are  dec«m|M»cd  by  most  other 
laeporate^l  stearic  acid  rising  to  the  surface  as  an  oil  when  the 
1  WWB.  The  atearales  have  the  (Kiusisteuce  of  hard  soaps  and 
are  mostly  iiisuluble  in  water.  The  normil  itnlnimium-ault, 
E,  separates  on  i<ooling  from  a  s<ilnti(in  of  1  part  stearic  acid  and  1 
__.  ainm  hydrate  in  10  parU  of  water,  in  white  opaque  granultm. 
tnfiii  tnJt,  C„H«(),K.(-„H^f),  is  obtained  by  deiiomptising  the  normal 
rith  ItHXi  parts  or  more  of  water,  and  separates  iu  siVvetj  ftc<xV<.«  ^iwxsk 


I 
I 

I 


ttodfl 


on  ndilition  of  ooranmn  salt,  In  hard,  untTtuouB  massra,  whi 
iu  umnmiin  use  :  tliis  uiodn  of  separation  U  called  Milling  an 
sonps,  on  the  other  tiaud,  cannot  be  thus  «epnrat«<i ;  for,  o 
their  solution,  they  are  ilo<x>iupu»e(l  and  ounverled  into  a 
thuy  are  obtained  in  a  Heiui-solid  slate  by  evs|^Hiratiiig  the 
pro<lnct«,  calle<l  soft  soaps,  always  contain  a  i-onsidu 
alkali,  and  are  ased  for  cleausing  and  scouring  when  a  pov 
is  riyjiiired. 

Stearic  ethers  are  formed  by  heating  stearic  aold 
inunaloiuic  or  polyatomiu.  A'My/  tieitrate,  C,lij.C,,il^U,,  is 
lained  by  passing  hydrovhloric  at'id  gas  into  an  uioohotic  ati 
Bcid.  It  resemlile!)  white  wax,  is  inodorous  and  tni<li>le88, 
(8(iO  F.)<  anil  cannot  be  distille<l  without  decomposition, 
composed  by  boiling  with  caustic  ulkalies.  There 
BtearateB    or   stearins,   analogous  iu  couipi«iti 

Moaoftearin,  C.H,  \  ,,    ,/'»    ,  prepared  by  heating  a  niixtai 

of  iteario  acid  anl  ;;lyeeriu  to  'HkO  iu  a  scaled  tube  for  36  he 
small  while  needles,  welting  at  lil^C.  (141.1P  F.),  and  »<»li< 

eOOCCUOOK.;.— i>M/earui,C,nJ'/''       ^.    ,  obtained  bj 

stearin  with  3  parts  of  stearic  aei<l  to  2t>lN>  for  three  boo 
microscopic  laminie,  raelts  at  oHO  C.  ( 13i).4'^  F.),  and  soli 
(l.UOF.). —  /"/uiroirio,  C,l{j(C„HjjO,)„  w  pru|larl^d  by  heati 
with  1.1  to  20  times  its  weight  of  stearic  acid  to  270°  f.  (51 
hours  in  a  sealetl  tube  ;  also  from  various  solid  natural  fati 
ether,  and  repeated  crystallization  from  the  hot  solution, 
in  masses  of  while  pearly  laininas  or  needles,  in(Hloroug,  las 
and  rolatiliiing  without  decompo<iitiou  nnder  re<luoed  pressi 
ral  and  artiHui.il  tristearin  exhibit  three  isomeric  or  allotropl 
Stearin  separated  from  ether  melts  at  li'iJO  c.  (157.50  F.) 
to  73.70  C.  (lli-l.()0  K.)  or  higher  and  then  cooled,  it  does  1 
cooled  to  ,11.70  0.  (1250  p.).  U  ihen  melta  at  52°  C.  (V2!, 
hMUMl  a  fi*w  riAcrnMM  hivhmr.  tiiuaiM  <fi«A  m  «tk<«i4  t«wt,Hfl<MM. 
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Benlc  »r  Bebenlo  Acid,  C^H^iO,,  is  nbtained,  together  with 
a<.i>ls,  bv  najxiiiiUt^iiKiii  ol  uil  u(  In-ii,  the  oil  expressiMl  I'rum  tliu 
.  iif  iluringa  Siii  Jir/irii.  It  ii!  ii  while  orystalliiie  lal,  tuvltiiij;  at  7oO 
F<loS.aJ  y.),  aod  HuUdiryiug  ul  TIN"  C.  (lOtjO  ¥.). 

Cerotlo  Aold,  C„ll540„  ia  the  essential  conntituent  of  eerin,  the 
iou  of  bix-^'-WHX  whiuli  18  suluUu  in  builiug  alooliul.     ll  is  pri<|iarcHl 
beating  the  wax  sevrrul  titues  iu  Hucvessiuu  with  Ujiling  ulutiUul,  till 
kilfjMisit  whiih  foriiLS  on  cxxjliiig  luflls  at  H)0  or  7-^-  C  (liib' — Iiil.ti^  F.), 
,  uisjr  be  ftirthtT  piiritied  by  pruiipitutiug  it  fruni  Ibt.-  builiug  alvulioliu 
,  with  lead  acetate,  detximpusiug  tlie  ijretiiiitiUL'  wiUi  strung  mvtic 
and  erystallixiug  the  H>!{iarated  acid  Iruiu  liuiling  alcuhol.     t'eruliu 
,  ia  aUu  {ii'ixlnoxl  by  the  dry  dintiUatiou  iif  Cliiuuse  wax,  wLicli  uuusiaUi 
pryl  cerolate,  L'jjUH'^j-t^nUjj.  "f  by  melting   that  snbKlaiice  Ailh  jtot- 
I  atid  decoiujj<.«iug  the  resulting  pulaMsiuiu-^ult  with  an  acitl  (p.  fiiM). 
ire  cerotic  acid  crystallizes  in  small  gniins,  melting  at  TbO  C.  (172.40 
aad  distilling  withuat  alteration.     Chlorine  converts  it  into  chloroco- 
-      '    ' '.7ll«<-"l|jt>,,  a  thick  transparent  gura  of  a  pale  yellow  wilor. 

(■-,  or  Chmrsf  iriir,  ia   prulnced  on  certain   trees  in  China  by 

:  i  -:j  :_.     of  a  species  of  cncKim.     It  is  crystalline,  of  a  dazzling  white- 

I.  like  spermaceti,  melts  at  820  c  (17<).(jC  K.)  ;  di.Hsolviw  in  alcohol ; 

cerotic  a<id  anil  eerylcne,  Cj,Uj,,  by  dry  distillation.     It  is  used  iu 

aa  for  making  candles. 

[ellsslo  Aoid,  CjjU^Oj,  the  highest  known  member  of  the  fatty 
(eric»,  IS  obtained  by  healing  myricyl  alwjhol  (p.  SlK'i)  with  i>otash-liiue : 

C^Iln'^     +     KOU     =     C:„H5.0,K     +     2H,. 
b  bear*  considerable  resemhlanco  to  cerotic  acid,  but  melts  at  a  liiglier 
jN-rature,  viz.,  at  8!)0  i,r   hVO  C.  (190.4C>-la2.2O  K.).     The  tUcertiil, 
gO^g,  ia  a  white  precipitate. 


Mooatomlc  Adds,  C,H,,,_,0,. — Acrylic  Series. 

llU  aeries  comprises  three  isomerio  groups  of  acids,  which  may  be  rep- 
at«id  by  the  following  general  formulie,  iu  which  n  and  jj  denote  any 
I  numbers  from  0  upwards  :* 


(1,«) 

II 

CH 

co,n 


r 

CH 


*j(n-T)> 


(3,  <0 


S<£: 


ITk*  moat  cenrriil  formula)  by  which  the  structure  of  these  acids  oaa  be  repr^ 
•tsted  are  Ibe  folluwtag  >- 

(2.  ") 
^H  C_— .U,(,„j4.i  C._„II,i 

The  er»l  of  fhene  forroulie  It  rednplhle  to  O.-UHm+.O,  or  0„+,H,(„-^i):0_  and 
ju  k.roii.l   «nil  third  lo  C.4^Il.„+,l>3  or  C„+iH,(„+,)— ,0..,  both  of  wlilrli  are 
I  thcKrnersI  formulii  of  the  •orlo  C„,H,„— vU..    In  all  the  known 
-t  frmuf).  however,  except  perlinpt  Kdurllc  aclil,  the  value  of  p  «  0, 
111  .'My  knnwn  nritl  of  the  itpcnnil  (rrnup,  viz.,  Isocrotnnlc  sriil,  p~  1,  ito 

i<r  ihi'se  kbowo  aciila  the  two  formula!  are  reiluerii  to  the  tlmpler  forms  glvea 
be  teat. 

60* 


co.a 


1U 
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(1.) 

LU 

II 
CH 

tO^H 


(2.) 

LO,U 


c- 


(3) 


*>"*+! 


co,u 


Of  the  acids  of  the  first  group,  called  normal  aery  Ho  acidi,  ww 
OcL-ur,  montly  oa  gl/ceride:!,  iu  vegetable  and  animal  organisms,  othcnan 
loriued  lirtitlciHlir  by  8{>i-cial  proceawM.  Most  of  them  are  oil/  liycidl. 
'i'lie  kuowu  aciiU  ul  Ibu  group  ar«: 


ilcr,vlio  acid 
Crotonio  acid 
Angelio  acid 
Pyroterebio  acid 
f  Uamalurio  avid 
1  Uamolic  acid 
Moringic  acid  ) 
Ciuiiuiu  acid    j 


C,  U,  O,    Phjrsetoleio  acid ', 
C^  11«  U,    Uypogsio  acid 
C,  U,  Uj    Uajdiu  acid  ' 

C,U|,(  J,!  Oleic,  acid      1 
C\  11„(J,  I  Ela'idio  acid  J 
^u'^M*-*!    Douglic  acid 
Braiisic  acid  ) 
Krucic  acid  | 


CuHaO, 


C,4U.O, 


r 


Of  the  acids  of  the  second  group  only  one  is  at  pr<>sent  knoirn,  rii., 
iaocrotonio  acid,  C,U,0,  =  CH,CCH— <.:», — CO,ll  [n=l]. 

The  acrylic  acids  of  the  third  group  are  formed  by  a  general  «ynlhetial 
process,  vix.,  by  abstraction  of  the  elements  of  water  from  certain  icid 
ethers  or  alcoholic  acids,  having  the  composition  of  oxalic  acid,  C|ll,(\,  is 
wlilcli  1  atom  of  oxygen  is  replaced  by  2  atoms  of  a  mouat^juuc  altobol- 
ra<liule,  C,U^  -f  , ;  thus : 


HO— C=0 

I 

no— (•=o 

Oxaiio  acid. 


CH, 

I 
HO— C-CH, 

no — L'=o 

UiniRlhoxHlls 
aolU. 


CHjCH, 

no— <.— CH, 

HO— <=i1 

Ethomrlh- 
oxalic  AClfl. 


CHjCn, 

HO— C— CB,CH, 

Hi— e=o 

DlellioxiMe 
•eiO. 


Now,  when  the  clhylic  ethers  of  these  acids  are  treated  with  phmphoric 
oxide  or  phosphorus  trichloride,  they  give  up  a  molecule  of  water  (U,0), 
at  the  expense  of  one  of  the  molecules  of  hydroxyl  (OH)  and  of  au  thim 
of  hydrogen  alMitracted  from  one  of  the  monnU   alcohol-rndieles,  whiph  ^  ' 
thereby  converted   into  a  dyad  radicle  (an   oleline)   oajjable  of  sxturttin 
the  unit  of  equivalence  of  the  carbon-atom  set  free  by  abstraction  ul  lh»| 
hydroxyl.     The   pro<luct  is  the   ethylic   ether  of  an   acrylic   acid  of  tWj 
third  group  ;   IhuH  ; — 


UO_C_CH, 

Ethylic  dlmeth- 
oxalate. 


CH, 


—      n,o      = 


c,o— t 


■", 


Ethyllc-melhyl 
licrylftte 


The  ethylic  ether  thus  formed  is  oonvcrtfd  into  methacrylic  arid  hy  ttpo-l 
niflcnlioii  with  jHilash  in  the  iisaal  way.     In  this  manner  the  foUo*ii>{ 
ociihi  have  been  obtained  :— 
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Tylic   »cid,    CH,_C^J.^jAn  ,  isomtTio  with  Crotonic  acid. 


P 

Htbylcrotonio    Mid,   C^U^—C'^J.qK^  ,  iRomeric  with  Angelio  acid. 
In^lcrotonio  acid,    C,H,~C<^y^',U  ',  isomeric  with  Pyroterebio  acid. 

There  might,  of  oonrae,  be  an  i-tlincrylio  acid  isomerlo  with  methylcro- 
tonic  aoid,  aud  a  propyl-acryliu  Huid  isomtrric  with  etliylorotonio  acid,  but 
tbei*  bare  not  yet  betm  obtaiiieil. 

The  individual  neids  of  the  tliroe  groups  differ  from  one  another  acoord- 
iog  to  the  valu«s  of  n  and /i,  .tml  t)ii>se  whiclicontnin  tlu;  rndlcle  C,H,  and 
its  higher  liomologucs,  are  Busc-ojitilile  of  further  nimiifientimiii  according 
to  the  structure  of  these  radicles. 

The  acida  of  all  three  series,  wlien  fused  witii  potash,  are  resolved,  wi til 
erolulion  uf  hydrogen,  into  two  acids  of  tlie  fatty  series  : — 


c.ii.o, 

Angel  lo. 
Oleic. 


+ 
+ 


2U,0    = 

2n,o  = 


C,H.O,     + 

Propionic 
Falmitlc. 


Acetic. 

r,H,o, 

Aceiic. 


+ 


n. 


H, 


generally : 

C.U»^,0,    +     2n,0    =    C._,H.(._,)0,    +    C,H^O,    +     II,. 

The  manner  in  which  this  splitting  up  of  the  molecule  takes  placedtflers, 
howerer,  arooniing  to  the  group  to  which  the  aoid  belongs.  In  the  decom- 
position of  an  a<'rylio  acid  of  the  first  group,  one  of  the  productii  is  nlwnys 
•oetie  acid  :  in  (he  second,  one  »f  the  priMlucts  is  always  pro])ionic  acid  ; 
whil«  in  the  third,  the  two  products  may  be  any  members  of  the  fatty 
Mriea  of  aoids. 

The  final  result  of  the  action  above  mentione<I  is,  in  fact,  to  add  2  atoms 
of  hydrogen  and  2  atouu  of  oxygen  lo  the  uiolecule  t"„ll„„_,0,.  Now,  if 
in  an    acid  of  the    lirst   group,    represented    by   the    foriuula, 

C.Q^4., — CU  ITCH — CO,H,  we  sappoae  H,  to  be  added  to  the  right  of  the 

dotted  line,  we  get  CII, — CO,II,  which  is  the  formula  of  acetic  acid,  while 
llie  addition  of  0,  to  the  left  of  the  dotted  line  gives  C„II^+, — C0,1I,  which 
b  aUo  the  formula  uf  a  tatty  aoid.     Similarly  the  addition  of  H,  on  the 

right  of  the  formula  of  the  second  gronp,  C.H,.3ICU— CH,— CO,H,  gives 

CH| — CII, — CO,H,  which  ii  the  formula  of  propionic  acid,  while  the  addi- 
tion of  O,  on  the  left  gives  C„ll^Oj,  which  represents  another  fatty  acid. 
F""  J    acrylic  acids   are   also  converted  into   fatty  ncidH  liy  the  action  of 
nt  hydrogen,  «.  j.,  crotonio  acid,  CjU,(>„  into  butyric  acid,  CjH,0,. 

Aoryllo  Aoid,  C,n,0,  =  CII,=ni_ro,H  [n  =  0  in  formula  1]. 
— Tliis  aciil  is  the  lowest  pcwsible  member  of  the  seri.-rt,  and  does  not  adroit 
of  isomeric  modifications.  It  is  produced — (1)  By  oxidizinR  its  aldehyde 
Cscrolein),  (',11/',  with  moist  silver  oxide;  (2)  From  m  or  S  iodopropionio 
Md,  CH,.CHI.COjlI,  or  CII,!.CH,.CO,H,  by  heatinw  nlon.',  or  with  alco- 
holic pota.ih,  whereby  HI  is  abstracted;  (:t)  Fly  the  nrtion  of  nascent 
^llrogen  (zinc  and  sulphuric  acid)  on  f-dibruniupropionic  acid  : — 

■CH^r— CUBiw-CO,n     +     n,    =     211  Br     -f-     CU^CH— CO,H  . 

Acrylic  acid   is  a  oolorleas  liquid,  having  a  pungent,  slightly  aromatic 


I 


* 


I 


MONATOMIO   ACIDB,   C,H,,_40r 

(xlor,  and  miscililc  in  Ml  proporlionB  with  wnliT.  It  siiliiUfie*  tt  low  l«ii- 
]M_rtttur.-s,  m-lta  at  7=  I".  (44.tP  K.).  and  Vn.iln  at  13!»'^U<io  C.  (isli- 1 
2S40  F.).  Nascent  li,vdr<>);t'n  confi-rts  it  into  propionic  at-ui.  It  uuilu  I 
with  bromine,  forming  f-dibromopropiouio  acid,  and  with  th*  hoJoiil  taM] 
to  form  the  S-substitution  products  of  propionic  acid.  By  fusion  with  I 
potash  it  is  resolved  into  formic  and  acptic  acids. 

Thu  metallic  ncr.vl.it«8,  i-xccpling  the  silver  salt,  arc  very  BolqMc  iai 
water  ;  they  decum"i>osi'  at  llHi^'.  The  silvrr  sail,  t;,H,0^g,  and  tlie  tadi 
talt,  ((-'jll,(),)3rh,  crystalliie  in  shining  nee<lles.  j 

AV/ii//  Aeri/hitr,  CH,:iCH — t'0,C,Hi,  preparwl  from  the  ethylic  ctbrr  «( j 
d-<libi'onioprtipionic  acid  by  tli»  action  of  ziuc  and  sulphuric  acid,  is  (j 
puugenl-sinelling  liquid,  having  a  specific  gravity  of  0.925  at  Vf^,  tall 
boiling  at  102"  C.  (215.tiO  F.). 

Chlnracr  ylic  Acid,  CjUjCIO,,  prepared  by  treating  dichlnrnpToplunio] 
acid  with  baryta-water,  crystallizes  in  slender  ue<?dl«i,  which  melt  at  tli^ ''.  1 
(14!lO  F.). — lirxmarrglic  Acid,  C,ll,UrO,.  Of  this  acid  there  are  \vnviMi- 
fioalions,  CU,r:CBr — CO,U  and  CHBr^CH— fO,U,  obtainwi  r.«iiectiT<J;  I 
from  «-  and  fi-<iibromopropionic  acid.  The  former  melt*>  at  70°  C.  ( l.'iH-' F.),  j 
and  unites  with  hydrobromio  acid,  reproducing  *-di  bromopropiuuic  uid. 

CrotODlo  Acids,  C,H,0,  =  C,Hj— CO,H.— Of  these  acids  there «i« j 

three  miHlilieuIiuns,  vu.  : 

0)  SoUd  Crotonic  Acld.CHj— Cn-rTH— CO,H.— This  acid  isfornn^  I 
— ..  By  oxidation  of  its  aUleliyde,  C'Hf-Cn=l"H— <"t)H  (p.  t>73)  ;  f  By  j 
the  dry  distillation  of  a-oxybutyric  acid,  Cllj — ClUolI) — ('H, — <i>,II  (it"- 
straction  of  0111!)  ;  y.  By  the  action  of  alwliolic  potash  on  «-bri3mol>iilrri«  j 
acid,  Cll,, — t'llj — Cllllr — ('HjII ;  t.  From  allyl  iolide  by  conversion  intoUw  j 
cyanide,  and  dislillatiuu  of  llie  hitter  with  potash.  Now  allyl  iorliilv  bUl 
the  structure  Cl]j~Cn^CH,l  (p.  59(i),  and  therefore  the  cyanide  mijlil  j 
bo  expected  to  lie  CIl, — (."U — Cll,t'N,  and  the  acid  obtained  from  it,  til, 
CU — CO,OH,  which  is  the  structure  of  isocrotonic  acid.  But  as  t lie  wi4j 
obtaine<l  in  this  manner  is  identical  in  its  properties  with  that  wliirh  Hj 
produced  by  the  first  three  reactions,  it  must  be  inferred  that,  eit!-er  in  ll"*  ] 
conversion  of  the  allyl  iodide  into  cyanide,  or  of  the  latter  into  the  »ciil|  | 
a  traus{>osition  of  atoms  has  taken  place  within  the  moliH^ule. 

Solid  crvtouio  acid  crystallizes  iii  slender  woolly  needles,  or  iu  Urt*  | 
plnt..-s,  melts  at  TIP  C.  (Itil.tjO  F.),  boihs  at  1820  C.  (359.t)0  F.).  and  dis- 
solves in  12  parts  of  water  at  20O.     Nascent  hydrogen   converts  it  int* 
nornml  butyric  acid.     It  unites  with  hydrogen  bromide,  forming  monoliro- 1 
mobutyric  acid,  and  with  bromine  to  form  dibroraobutyric  aciil.     By  "ri- 
datiou  with  nitric  acid,  it  is  resulvinl  into  acetic  and  oxalic  acids,  and  1>/  j 
fusion  with  potash,  into  two  molecules  of  acetic  acid  : 

CH;,— CIIr-CH— CO,n     -f     211,0    =    2(CH,C0,H)     -f     H, 

Monoehlomcrolonic  Acid,  C,HjC10,,  is  produced  by  the  acljon  of  linc  siiJ  ' 
hydrochloric  acid  on  trichlorot^rotonic  acid  ;  also  by   that  of  plios|ilieriiJ  I 
pentacUloride,  and  subse(]uently  of  water,  on  othylic  aceto-ncetate,  (CH,— 
CO — (-'U, — 0<X)C,U — ),  whence  it  appears  to  have   the   structure  Cll,— 
CCI=CU— CO,H  ; 

CO 

Cll, 

COOCjU, 

and 


+  2Pcgn,  =  2PcijO  + 


HCl  4- 


OCT 

II 

coa 


cii,.rn=CH.coci   +   non   =  nn   +   cnj.cn^rtm— cooB. 
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di!isolr«a  in  35  parU  of  wntor  at  19°  C.  (66.20  F.),  melts  at 
f*V.  CSPl.2^  F.).  «ii<l  toils  at  2(l«O-210O  C.  (402.80-4100  F.)-  Sodium 
■algam  converts  it  into  rrntonio  aoid. 

THMoroerolonic  Acid,  C,llj('ljO,,  produced  by  oxidation  of   (lie  corre- 
lUidilig  aldi-hydu  with  cold  strong  nitric  acid,  melts  at44^C.  (111.2<^F.;. 

(2)  loBOCTOtonlc  Acid,  CH,— CH — CII, — CO,n  (Oeuthcr's  qwirttnylk 
./ .  I'Tiui-d  Irum  its  cliloro-derivative  {infra)  by  the  action  of  sodium 
is  a  uon-solidifving  iiquid,  having  u  ^pKciflc  gravity  of  1.018  at 
,  7i  F.),  and  U^iing  at  172='  (;.  (341. B^  F.).  When  heatt-d  in  a 
d.-J  tube  to  170<^'-I»li^  C.  (33>''--35tiCi  F.),  it  is  converted  into  solid  ero- 
lii:  acid.  When  fused  with  potash,  it  is  resolved,  not,  as  mi),'ht  be  ex- 
■0d.,  into  propionic  and  formic  acids,  but,  in  consequence  of  the  trans- 
■Mioti  by  heat  just  mi'ntioni><l,  into  two  molecules  of  acetic  acid. 
^moritxmttimic  acid,  Cllj^Ct'l — t'llj — L'0,H,  is  produced,  together  with 
Bbirutouic  acid,  by  tlie  action  of  phosphorus  iH-ntachloride  and  water 
Bb^'lic  atxrto-acutatti.  It  forms  ciystali)  slightly  soluble  in  water,  Bul>- 
me  at  ordinary  tvmperaturos,  melts  at  bi>.i>^  (.'.  (13U.10  F.),  and  boila 
l»SO  C.  (ibiO  v.). 

B  MethaoryUc  Aoid,  CII,— C'<^:'f'u  [n  =  1,  p  =  1  in  formula  3,  p. 

15,  ia  formed  by  the  action  of  phosphoric  oxide  or  phospborus  trichlo- 
p  on  «thylio  dimethoxalute  (p.  714),  and  by  that  of  phonpborus  trichlo- 
.  oxyi&obutyric  acids : 


ll:c>c<l!o,ii  -  «.<^ 

,  liqnid  which  does  not  solidify  at  CO. 
Ired  into  formic  and  propionic  acids. 


U.^)(;-co.H. 

By  ftision  with  potash  it  is 


Ive-carbon     Aorylio    Aolda,    r,njO,  =  C.H,.CO,H.— *.if 
scida,   two  only  aro  known,   namely,   angelic  and  methyl-crotonio 


_bUo  Acid  exists  in  the  root  of  the  archangel  (Anijelica  Archoa- 
ioa),  awi  in  sumbul  or  moschua  root,  a  drug  imjHjrled  from  Asia  Minor, 
d  proli;ibly  also  belonging  to  an  umbetliferou.s  jilant.  It  is  olitnined 
(n  archangel  root,  by  ln>iling  the  root  with  lime  and  water,  aiul  di.stilliiig 
It  strainud  and  oonc^ntratiil  liquid  with  dilute  siilj>liiirl<'  acid.  It  is  aIko 
ikIulvhI  by  heating  the  essential  oil  of  cb.imouiile,  wliieh  cimsisls  of  aii- 
jja  ■ideliyde  togother  with  a  hydro-oartiou,  with  potassium  hydroxide: 

C,H,0    -f    KOU    =    CjU,KO,    +     H,. 

no,  tijpother  with  or(>oa<din,  by  treating  peuee<i«nin  or  imperat-orin  (a 
utral  «ulKtanc«  contained  in  the  root  of  /m/irroforio  Ostruthium,  and  soma 
'  umbelliferous  plants)  with  alcoholic  jxit.ish  : 


Peucedaoln. 


Kon    = 


r,H,KO, 
PotjisHium 
angrlato. 


+ 


Oreoiollii. 


I 

^kgetio  arid  crrstallizfis  in  long  prisms  and  nei-dles,  melts  at  4.^0  C. 
^P  F.),  boils  at  1300  c.  (374°  p.),  and  distils  without  decomposition. 
liaa  an  aromatic  taate  and  odor,  dissolves  sparingly  in  cold,  abundantly 
I  hot  wat«<r,  also  in  aloohol  and  ether, 
innites  with  bromine,  forming  a  dibromovaleric  acid,  CjH^Br.O,,  which 
onverted  by  sodiura-amnlgam  into  angelic  acid.     \i  ia  not  aVv.«t(»!i  V^"} 
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niuioent  hydrogen,  but  when  Lcntcd  with  ctmoentrftted  kt/ihiodie  aciil  and  %  | 
littlu  phiisphorua,  i1  is  oonvurted  into  normal  yalcric  »cid.     Bv  ^■ 
polasli  it  is  ri'»<i!ri<<l  inli>  iKN'tic  iiihl  i>r(i|>ionic  aeitU,  a  modo  ol 
tiuu  which  is  ixiiuiBtcnt  with  either  of  the  two  foUuwLug  struiV  . 
uls  uf  tlio  acid  : 

C.Hj— CH=CU— CO,H*  or  CH,— CH=rCH— Cn^— CO.H.f 

The  angplntoti  of  tho  nlkali-nictals  nr«  soliililc  iu  water  and  in  alcob 
Cdlrium  fiiii/elulf,  ('n(('iH,0,), -J-  Aq.,  forms  nhiuiiig,  very  Boluhlo  ' 
Tlie  ImJ-mtl,  1'1j(Cj1I,(),)„  is  a  wl>itf  iirwipitatc. 

Polassiaiu  angclatu  Iruatud  witli  pliiispliiirutt  oxyehloride  yii-hls  tag 
oxidr,  or  anhydride,   ((.'jll,0)jO,  which  ia  a  Tiscid  nncrystallixablu  tilf^ 
boiling  at  240O  C.  (4(>40  F.). 

Methyl  CTOtonlo  Acid,  CH,— Cn=:C<^"»„  ,  formed  by  the  tetitm^ 

of  pIiiiaphoruD  trichlorido  on  othylio  mcthyl-ethyloxalato  (p.  715),  if  Tay  J 
much  likn  augelio  acid,  but  melts  at  &2P  C.  (143.(P  F.).     By  fosiun  i  ' ' 
potash  it  ii  resolved  into  acetic  and  propionic  acids. 

Iilenticnl  with  thi:i  iii  the  so-called  tiglio  acid,  which  ia  contained  i 
a  gtyceride,  together  with  those  of  butyric,  valcTic,  and  other  fatty  *i:iili,| 
in  the  oil  of  Crolnn  Tiijlinm, 

Blx-oarbon  Acids,  C„n,jOj=CjH,.CO^I.— 1.  P},roiertbic  atU\ 
ia  forme<i  by  dry  diatillatioa  of  torebic  acid,  C",U„,U,  (one  of  the  produi'O  ] 
of  the  action  of  nitric  acid  ou  turpentine-oil).     It  ia  an  oily  liquid,  imcll-  \ 
ing  like  butyric  acid,  having  a  six-eilio  gravity  of  l.ol,  and  Uiiling  alSUl^ 
C.  (41(P  F.}.     By  fubiou  with  putaah  it  ia  rt^olved  iuUi  acetic  and  i5ol>a- 
tyrio  acida. 

2.  Hnilrotfirbie  acid  is  formml  by  the  action  of  Bodium-anudgaa  at  | 
Borbic  acid,  0,11/),,.  It  is  a  liquid  having  a  sudorific  odor,  a  s]H><;ific  griv- 
ityof  0.»6i)  at  !!«  f.  ((Jli.2D  F.).  and  Ixiiling  at  2(»4.50  C.  (4(H).loF.).  I 
By  fusion  with  j>otftsh  it  ia  resolvinl  into  acetic  and  normal  butyric  ukiat  1 
This  and  the  preceding  acid  are  therefore  repreaeutod  by  the  followinfj 
formultti : — 

CH,— CH,— CII,— (^H  :rcH— CO,H 
Uyilfoiorbio. 

CB(CHj)  — TH— CH— CO,H 
Pyroteieblo. 

3.  EtMgl.erotonic  odd,  CH,— CH— C<J;^^^"»  ,  U  forn,ed  from t 

ethylio  ether  of  diuthoNalic  acid  (p.  TIS),  by  the  action  of  phospborwi 
trichloride,  or  by  heating  with  hydrochloric  acid  to  ISfO-LStlO  C.  {'iiifi'' 
3(l"JO  F.).  It  irystalli«es  in  ahining  square  prisms,  has  an  ariiiuatic  ixior, 
siiblinies  even  at  ordinary  teniperaluri-s,  and  inella  at  41  ..'iO  (-.  (IdtJ.TO  F.). 
Hy  fusion  with  ]>ot:ish  il  is  resolvc-d  into  acetic  and  normal  butyric  aciiU. 
Its  salts  dfiooupose,  even  during  the  evaporation  of  their  aquwiua  ai'do- 
tiona. 


Seven-  to  Fifteen-Carbon  Acids.— Pamalnrie  seidj 
CjHijOj,  anrl  Uaniolio  acid,  C,JI„0„  are  volatile  ueids,  f^aid  to  exist  L 
the  urine  of  oowa  and  horses. — Morinfric  aold,  C,,ll^(>,,  ia  an  oily  aeiil 
obtained,  together  with  palmitic,  stearic,  and  Iwnic  aciihj,  by  the  gaponiT 

•  n— 5,  p— 0,  In  formuln  1,  a  (p.  71S,  footoote). 
t  0--2,  p— I,  Iu  lbs  Mme. 
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»it  of  Vn  (p.  713).— Ciniicic  nuid,  C,iIIj,Oj,  ia  a  ytUow  crys- 
I  Bcid,  having  a  ranciil  odcr,  cxtraotml  hy  alcOliol  and  ether  frum 
bug  ( lihajiluyaHcr  jmndijMninit) . 

tgaalo  Aoid,  C„n„Oi,  is  contained  as  a  glyocride,  together 
aitin  ami  aruvliin,  in  oil  of  nartli-uut  (Arucliis  lii/poyira).  To 
the  uiixlure  of  fatty  nuiila  obtuincd  by  saponifying  tin-  oil  id 
in  alodhol ;  the  j)aliiiilic  and  arachiilio  aci.la  are  pruciiiitatiil  by 
^  and  uiagn).>8ium  oootatu  ;  the  Ultrate  ia  niixf<i  witii  auiiuonia  and 
»te  ;  till'  h-ad  prwipitato  is  docouiponivi  by  hydroohloriu  at'iil ;  and 
tt«d  liypogicio  acid  ia  dimsolvi-d  out  by  ether.  It  is  also  pro- 
;  oxidation  of  asiuin  aui<l  (C,,li„0,),  an  acid  obtained  by  gapoui- 
ayr  or  axin,  a  fatty  sulmtanco  cuutaiuml  in  the  Mexican  ]>Iant 
tin. — llyp<3|:;pic  aiid  cr.vstttllixcs  from  ether  in  Ht>?Uatu  groups  of 
ueltiugat  :UO  or  30°  C.  (iCl.-Q-!!.".©  F.),  easily  soluble  in  ahxilml 
Its  jmUisKium  and  sntliunt  itaUn  are  Holuble  in  water;  the  burium 
|ublc  in  hot,  insoluble  in  cold  water ;  the  cop/nr  and  nVrrr  milt 
led  by  precipitation.  The  etldyic  ether,  C,,Ug<),.C',U,,  U  a  yellow 
Volatile  without  duPoiupo«ition. 
i  acid  eonverta  hypogieic  acid  into  the  isomeric  or  allotropic  mm- 
I  aidio  aoid  ,  ndatiHl  to  it  in  the  same  innnner  ax  ela'idic  acid  to 
II  fornia  a  oolorless  crystalline  moss  which  melts  at  3HO  C. 

r.). 

»tolcic  aoid,  a  crystalline  aoid  obtained  from  iiperm-oil,  is 
[  if  not  iilentical,  witli  hvpugasio  acid  ;  it  uiolts  at  30O  0.  (80O  J'.), 
Dea  at  UfeO  c.  (»2.40  F."). 

I  Acid,  C,.H,,0,. — Thia  acid,  the  most  important  of  the  series, 

h1  by  s»iMiiiiUcatiuu  of  oleiii,  the  fluid  coustituent  of  most  natural 

Ixcd  oils. 

in  pure  ob'ic  acid,  olive  or  almond  oil  ia  saponified  with  potasli  ; 

is  fiectiniiHwed    by  tartaric  acjil  ;    aiifl  the  separatt^l   fatty  acid, 

■g  wnslied,  is  heatwl  for  some  lioiirB  in  the  wnter-tiatli,  with  half 
^t  of  lenil  oxiile  previously  redmeil  to  tine  powder.  The  mixture 
Krll  ahuki-n  up  with  aUiut  twii-e  its  hulk  of  ether,  which  dii^solvcs 
fe  of  leail,  and  leavi's  the  stearato  ;  the  liquid,  after  standing  for 
1^,  is  ducanted  and  mixed  with  liyiirooltloric  acid  ;  the  oleic  acid 
pfcliminatiil  dissolves  in  the  ether  ;  and  the  ethereal  solution  uhieli 
llie  surface  of  the  water  is  decanted,  mixed  with  water,  and  freinl 
|er  by  distillation, 
[quantilii-s  of  crude  oleic  acid  are  now  obtained  in  tJiemannfactnre 

Be  camlles,  by  treating  with  dilute  Biilpbtirie  acid  the  lime-soap 

;  f>oiM  thi-  aotiipu  of  lime  upon  tallow.  The  fatty  acids  resulting 
(dei-<)ni|K>sition  are  washed  with  hot  water,  and  snlidify  in  a  mass 
and  this  mass,  when  subjeiled  to  pressure,  yields  aliqui<l  rich 

rid,  but  still   retaining  a  considerable   ijiiaiitity  of  stearic   acid. 

naining  for  some  time  in  a  cold  plaiv,  it  deposits  a  quantity  of 
(Iter,  and  the  liquid  decante<l  from  this  is  sent  into  the  market  as 
rnl  nit.      It  may  Ite  puritieil  by  the  ]>nH'ess  just  described. 

eid  crvstalliii's  from  alcoholic  scdiition  in  daizliiig  white  nee<lle8, 

;  14o'C.  (57.2  F.)  to  a  colorl.-ss  oil,  which  solidides  at  40C.  (3(l.20 
1,  white,  ervslnlline  mass,  exjiamling  (xmsidenibly  at  the  same 
!ifie  gravity "=  Il.8!t8  at  19°  C.  («(!.20  F.).  The  ncid  volatilix.« 
a  witliout  decomposition.     It  is  tasteless  and  ini«loroas,  and  re- 

ral  when  unaltered  (not  oxidized),  also  in  alcoholie  solution.  11 
ble  in  water,  very  soluble  in  alcohol,  and  dissolves  in  all  pro|iortioiia 
Cold  strong  sulphuric  acid  dissolves  it  without  decomvoaWKtiix. 
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It  diaaoWn  solid  faU,  st4>ario  koid,  p&lmitio  acid,  etc.,  and  is  dissolred 
liile,  with  formation  of  a  8«ap  aud  strong  acid  rKAc-tion. 

(Hvio  acid,  in  tli«t  soli<l  slate,  oxidiiM  Imt  kIowI/  in  the  air;  but  wlin 
melted,  it  rapidly  adsorbs  oxvgi-n,  acquiring  a  rancid  tactu  and  cmrll  i 
a  decided  acid  reaction.     Its  dec"inp<witiou  by  fusion  witli  ixitasb  lias  U' 
alreatly  u»entiont?d.     CkUirine  and  hrominey  in  prewence  of  water,  convert  i 
into  dichlornleic  and  di  bromoleic  acids.     Bromine,  added  by  drop*  lofu 
oleic  acid,  forms  tribromoluic  acid,  C„H„Br50,. 

Strong  nitric  acid  attacks  oleic  acid  with  violence,  girlng  off  red  nib 
vapors,  and  producing  volatile  acids  of  the  series    C„I1^0,,  rix.,  aagtic^l 
piiipioniu,  butyric,  valeric,  caproic,  trnanthylic,  caprylic,  pelar]^nic,  i 

rulic  W'ids ;  also  tixed  aciils  of  the  series  C^H,^ ,0,.  vii.,  suberic,  pimeii 

odipio,  lipic,  and  ozelaic  aciila,  the  nnmltur   and  proportion   of  thc««  ; 
ducts  varying  with  tliu  duration  of  the  action. 

Nitriiiu  acid  converts  oleic  acid  into  a  solid  isomeric  or  allotropic  nmUtl 
cation,  called  elaidic  acid. 

I)  I  eat  us. — I'he   formula   of    the   neutral   oleates  is   M'C^HgOp 
M"(t'ii,UjjOj)j,  according   to  the   qnantivalence  of  the  metal :    Oiern  i 
likewise  acid  oleates.     The  neutral  oleates  of  the  alkali-metals  are  solub 
in  water,  and  not  so  completely  precipitateil  fr<ini  their  t-olution?  by  thai 
addition  of  another  soluble  salt,  as  tlie  slearaten  and  palniit.it<-s.     Tbx  icidl 
oleates  are  liquid  aud    insoluble   in  water.     The  oleati-s  dissolve  in  ai 
alisniute  alcohol   and  in  ether,  a  property  by  which  they  may  be  diitii^| 
guishiMl  and  sejmrated  from  the  stearates  and  palmitates. 

Olcing. — Oleic   acid   forms    three   glyreridea,   viz.,   monolein   (^iRJI 
(OH),(C„H„0,)  ;    diolcin    (f,H,)(OH)((„HaO,),:    and    triolein   (C.Hjl 
(C,jlJj,0,)j,  which  are  produced  by  heating  oleic  acid  and  glycerin  ti^etbdJ 
in  seal'id    tubes,  in  various   pr(i]>ortiona.     The  first   two  solidify  at  atou^ 
la<2C.  (.'iOOp.). 

The  olein  of  animal   fats,  of  olive   oil,  and   of  several   other  oils,  both] 
animal  and  vegetable,  which  do  not  dry  up  in   the  air  by  slow  ozidatioii,i 
but  are  converted  into  viscid  masses  having  a  rancid  odor  and  acid  reailia 
(non-drying  oils),  appears  to  be  identical  with  triolein,  but  there  is 
dilGculty  in   obtaining   it  pure.     Olive  oil,  cooled   to  40  C.  (3»^  K.)  or  I 
lower  temperature,  deposits  a  large  quantity  of  solid  fat,  consisting  mainlyj 
of  ]mlmitin   (originally  called  margarin,  from  its  pearly  lustre),  and 
oil  filtered  therefrom  consists  mainly  of  olein.     A  jiurer  olein  is  obtiind 
by  treating  olive  oil  with   a  oold  strong   solution  of  caustic  soda,  whiff 
saponifies  the  solid  fats,  and  leaves  the  olein  unaltered.     Olein,  sulijiiio 
t/i  dry  distillation,  yields  gaseous  prtnlucts,  liquid  hydrocarbons,  acr 
and  sobic  aoid. 

Apprndii  lo  Oleic  Arid, — Some  non-drying  oils  contain  the  glyceril 
acids  homologous  with  oleic  acid  ;  such  is  the  cose,  as  already  oil 
with  croton  oil,  earth-nut  oil,  and  sperm  oil.     Itoegliug  train-oil,  ob 
from  the  doegling  or  botlle-nose<l  whale  {lialirna  rotlrata),  yields  doeglif 
acid  ,  C,,Hj„0,.     Colza-oil,  obtaineil  from  the  seetls  of  ci-rtaiii  !>|»'»:ii»  of  I 
lirnimica,  especially  the  summer   rap«'  or   colza,  Bratsira   mmfirtlru,  varJ 
fi/fi/'fia,  yields  brassie  acid,  C„H„0, ;  and  the  oil  of  black  mustan' 
seed  yields  a  similar  and  proliably  identical  acid,  called  erucic  acid. 

Drying  oils,  such  as  linseeti,  j>o|>py,  hemp,  and  nut  oils,  contain 
glyeerides  of  I  i  nol  e  ic  acid  ,  ('hHbjO,.  which  may  be  prepared  by  sapeni"' 
fying  linseivl  oil  with  potash,  ipn-eipitating  the  aqueous  solution  uf  tli* 
resulting  |iotassium  s.'ilt  with  calcium  chloride,  dissolving  out  the  cJili'iuDi 
lijioleate  with  etlier,  and  deconi]M>sing  it  witli  liydnx'hk>ric  acid.  Liti<'l<'i> 
acid  is  a  yellowish  oil  of  specifjo  gravity  0.821,  not  altered  iff  nitre^i: 
«vid. 
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ilClMior  oil,  which  a  a  non-drying  oil,  contains  the  glyceride  of  rielno- 
«te  kaid,  Cuil^U,,  which,  when  suparatol,  forms  a  culorleHa  oil,  solidi- 
fying at  IC,  and  uunvertwl  by  nitrous  avid  into  it  solid  uiixUtication,  r  i  c  i  n  - 
•  Uidic  acid,  which  mclU  at  ftlJO  C.  (12-.iO  l.-.).  Uy  ,lry  distillation  it 
tt  raH>lr«id  into  ccnauthylio  acid  and  a>naiithol,  and  whi-ii  hi'iiti'd  witli 
■■  of  caoHtic  pota«h  or  soda,  it  yields  secondary  octyl  alcohol,  togetlicr 
«illi  Bebio  Mcid  and  fro«  hydrogen  (]>.  6'J2). 


Stearolio  acid,     C„l{n**) 
Behenulic  aci<l,  C„H,ol),. 


■Conatomio  Acids,  C,ll,„_,0,.— The  known  aoids  of  this  series 

TelToUc  acid,        (',  H,  O, 
Sorbic  acid,  C,  II,  O, 

Paluitoliv  acid,  t'„i],,0, 

iBjr  are  formed  from  tlip  acids  of  the  jirect'ding  sericji  l>y  ulwlniction 
Mtoaa  of  hydrogen,  which  in  cftecti'd  liy  the  action  of  alwiholic  jkiIumU 
e  chlorine  or  hromiue  coiuimunds  or  derivalivcn  of  tliosu  acids  ;  e.  y., 

C.HjBrO,    -I-     KOH     =     KHr     4-     H,0    -I-     C,H,0, 
Bromocrotoalc  Tetrollc 

aeld.  acid. 

C.H,Br.O,     +     2K0H     =     2KBr     -f     211,0     -f     C.H.O, 
Bromide  or  sro-  TetroUo 

tonic  acid.  acid. 

Tb«y  contain  4  atoms  of  hydrogen  less  than  the  c<irreii[Hiii<ling  fatty 
acids,  ami  are  therefore  ung.iturated  conii>oundH  of  tliti  sewiiid  order, 
oapal>lc  of  uniting  with  2  or  with  4  atoms  of  a  halugeii-clement. 

T«tToUc  Aoid,  C,HjO,,  produced  as  above  from  monochlorocrotonic 
aad,  crystal liies  in  deliquescent  rhombic  plates,  easily  soluble  in  nteohol 
and  ether.  It  melta  at  7ti.&'^  C.  (1(S».70  V.),  and  IwiU  at  2030  V. 
I  (307.40  F.). 


Borbio  Aoid,  C,HjO„  ooonrs  in  the  unrijie  bprries  of  the  mnnntain 
ash  {Strlitu  aumjiana),  from  which  it  may  be  obtained  by  mixing  the  juice 
with  milk  of  lime  and  distilling.  It  then  passes  over  as  au  oily  liquid, 
which  solidifies  when  boiled  with  strong  hydrothlorio  acid,  or  when  warmed 
with  pota.sh. 

Sorbic  acid  crystalliies  in  long  needles,  melts  at  134.50  C.  (274.10  F.), 
dennnpoeed  when  distilled  alone,  but  is  easily  volntiliii>d  with  vapor  of 
waUv.  U  ia  nearly  insoluble  in  cold  water,  but  dissolves  witli  mixterate 
fai-ilitr  in  hot  watiT  aud  in  alcohol.  Annrrnt  hifdrmjen  convertj)  it  into 
•  irbic  acid,  C,U|„0,.  With  bromint  it  forms  the  ctuiipounds 
>  and  C,H,Br,0,,  luelting  respectively  at  950  (',  (20,'iO  y.)  and 
.;  .-  v..   v'*«l.-*^  K.). 

The  metallic  sorbatL-s  arc  orystallizable.  The  ammmiium  sull  crystallises' 
in  long  needles  ;  the  liurium  mil,  (C,H,(),),Ba,  and  the  ctilclum  mil, 
(C,H,0,),Ca,  form  silvery  scales.  The  jriVrrr  tall,  C',H,i>,Ag,  is  a  crystal- 
line precipitate.  The  rMy/ic  Wirr,  {',ll,0,.C,Hj,  is  an  aromatic  liquid,  iKiil- 
ing  at  195.50  C.  (3»3.y  F.). 

Palmltolio  Acid,  C|«H„f)j,  prepared  from  the  dibrouiidc  of  bypogeio 

i.:id,  or  of  lis  isMioeride,  giiidic  aci<i,  crystalliitis  in  sliiuiufj  needles  which 

fOI!lHslk43P  C  (lUT.O^  v.).     It  unites  with  2  luid  4  atoms  uf  brumiue,  but 

iMJHHMBred  by  naaueiit  hydrogen. 


I 


Stearolio  Acid,  prepaid  in  like  manner  from  the  dibromide  of  oM* 

or  eluidie  acid,  ci.)slalliie8 in  long  prisms,  which  melt  at  4*-  C.  (lll«.40 f,) 
and  distil  almost  withont  decouijKwilion.  It  is  insolutile  in  water,  but  di»- 
»iilve»  rt-adil.v  in  aloohul  and  rthcr.  It  unites  with  2  and  4  atoiiu  of  Ar»- 
mine,  hut  is  not  alturiHi  hy  nnscent  liydr<;ig»?n.  By  car«?fullT  ret;aUt«i 
fusion  with  polath,  it  is  riisolTed  into  aci-tic  and  hjrpogsic  acjda  ;  at  luglut 
leuiperaturea  myriatic  aoid  ia  produced.  I 

Bebenolic  Aoid,  O^H^O,,  from  dibromide  of  erncic  or  brasic  ittf 
(j).  7-1),  (onus  »hining  needlefl,  midlin);  at  7iO  C.  (Ji6~^  F.). 

The  last  three  acidii,  heati^  with  fuming  nitric  acid,  are  converted  lata 
Uiunohasio  acid§  of  the  form  C^U^-jO,,  viz. : — 

Palmltoxylic.  Stearoxyllo.  Bebenosjlio. 

f^ifH.,*^.  t'uH„0,  C^H^<t. 

melting  at  87°  C.  (152.tiO  p.),   86°  C.  (186.80  F.),  900  c.  (19-to  F.). 
These  acids  orystallize  in  Bbiaiug  plates  or  scales. 


I 


CAKBOKHTOR  I  C    ACIDS. 

These  acids  are  derived  from  ethyl  acetate  and  other  componnd  etb 
of  the  fatty  series.     When  sodium  is  heated  with  ethyl   ac<<tatc<,  it  >li»-' 
solves,  with  little  or  no  evolution  of  hydrogen,  and  the  whole  isolidifit* uo 
cooling  to  a  crystalline  mass  uf  sodium  etiiylate  and  ethylic  acetotodaw 
tate,  ('(ll^aOj.     The  reaction  is  either 

2(C^l,0.0C,Hj)     -f-     2Na     =    C,H,NaO,     +     NaOC,Hj    +     H, 
or  3(C,H,O.OC,H,)    +     4Xa    =    C,H,NaO,     +     3NaOC,Hj . 

The  quantity  of  hydrogen  evolved  in  this  nysclioD  varies  conBidrribly 
acconiiiip  to  the  temperature  and  pressure  under  which  it  tak<s  place,  anil 
the  i)roiK)rtion«  of  the  materials  used  ;  sometimes  no  gas  is  evolviil,  show- 
ing that  the  reaction  takes  plnoe  aceontiug  to  the  second  eqaatitm.  a/iJ 
under  no  circumstances  yet  olwerved  is  the  quantity  of  liydrug"- 
olT  exactly  (>quivalent  to  the  sodium  dissolved,  as  it  should  t>v  if  tip 
tinn  t<i<ik  place  entirely  according  to  the  first  eqnation.  It  is  most  piult- 
able,  tlu'refore,  that  the  two  reactions  generally  take  place  together. 

Klhylic   acetosodscetate  (^Vaukl^^l'8  tmlium-triacrti/f)  cryslallio* 
in  shining  scales.     When  treat^^  with  acetic  acid,  it  is  converted  intotbt 

compound  C,H,„0,  or  CO<^jj' co—OC  tL '  '''"'^'>  **  **"*  eH'.*!'*  *""* 

of  aceto-acetio  aoid,   CO<7-h'    pq    pn  .  derived  from  aeetio ad<l. 

CO<^tj'  ,  by  substitution  of  acetyl,  CH,.CO,  for  one  of  the  bydrog«»- 

atoma  in  the  methyl  group.  This  acid  is  not  known  in  the  fi'oc  »l»t«: 
when  separated  from  its  ether  by  boiling  with  alkalies  or  acids,  it  i»  «■ 
solved   into   acetone   and   carlxin    dioxide. 


^<CH;-C0C.H     =    ^'^(CH.).    +     CO,. 

The  ethylio  ether,  C,H,,0,  (also  called  ethy  1-diaoetio  aoid),i«» 
liquid  having  an  odor  of  strawberries,  a  specific  gravity  of  1.03,  and  l»i'* 
inif  at  180.80  C.  (357.5°  F.).     By  the  action  of  sodium  or  of  sodium  ttbjf- 
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is  eonrerted  into  ethylio  aoctosodacetate,  the  oompound  already 
ionrd  as  a  direct  product  of  the  action  of  aodium  ou  acetic  ether : — 


^HNa.CO.CjH, 


potavium   talt   is    obtaind    in   a  similar    manner.     The   biirium   mil, 
[C^H(Oj)jBa,  obtained   \>y  dissulviiig  the  ether  in  baryta-watvr,  is  easily 
'akUt  in  water.     From  its  A<>lati(in  the  corres{M>ndiug  salts  of  the  heavy 
»  may  be  obtained  by  double  decomposition. 

<PH 
(Ml*  CO  CH  "^'■'"'^ 
the  action  of  (odinm  on  methyl  acetate,  etc.,  is  a  culorleaa,  pnngent- 
MDiiiling  liquid,  which  ixnls  at  170°  C.  (338^"  F.),  and  has  a  specific  graTity 
of  1.037  at  yo  C.  (48.20  F.).  It  has  a  faint  acid  reaction,  dissolves  spar- 
ingly in  water,  freely  in  alcohol  and  ether  ;  prodiicfs  n  dnrlt-roil  otiloration 
•ilh  ferric  chloride;  is  resolved  hy  boiling  with  hjilroclilorie  acid  or  with 
klkalies,  into  ac^-tone,  carbon  dioxide,  and  methyl  alcoliiil.  Its  mJium  mlt, 
CjUjOjNa,  crystallizfa  in  shining  needles.  The  barium  tall,  (CjH,<)j),Ba, 
iia  obtained  by  dissolving  the  other  in  baryta-water.  Its  aquenns  solution 
mixed  with  cuprio  acetate  yields  the  copper  aait  (C,U,0,),Ca  -|-  ^11,0  in 
grom  eryi taU,  slightly  aolubio  in  water. 

EHiylU 
•cetokod&cetale. 


treating  the  sodinm  derivatives  nf  these  aceto-acctic  ethers  with  the 
of  aK«ihc^l-radicli-«,  new  eth^-rs  are  obtained,  in  which  the  aixlium 
original  oompound  is  replaced  by  an  alcohol-radicle,  «.  y., 


+   CH.I  =  Nal  -f- 


'^'^<^H(CU,)— CO,C,H, 
Ethyllo 
methyliiceto-Aoctate. 


In  these  last  ethers  an  atom  of  hydrogen  may  also  be  replaced  hy  ao- 
,  by  the  action  of  metallic  sodium  or  of  aodiura  ethylate,  producing 
iinda  like 

I  8odio-methylaceto-acetate,  CO<^|^jj^-^.jj  , ^^.q  ^  ||  ;    and     in 

I  l^aiii  the  sodium  may  be  replaced  by  alcohol-radicles,  yielding,  for 

kjUo  Methylothyl-aoeto-aoelata,  CO<p^c'H,)(C,H,)— CO.C.H,. 

Lastly,  these  mono-  and  di-»uhstitnted  aoeto-jicetic  ethers,  when  heated 
alone,  or  better,  with  sodium  ethylate,  or  with  ethylie  sodio-acelo-acetate, 
t,H,NaO„  are  resolved  into  the  group  C,H,0  or  CII,.0O  (which,  by  poly- 
meriiatiou,  yields  dohydracetic  acid,  (',H,f>,),  and  substituted  acetic  ethem, 
that  is  to  say,  ethers  of  the  higher  fatty  acids  ;  e.  </., 

^<t'H(CH,)— COjCjHj  =  Cnr-CIIjr-CO,C,Hj  +  CH.CO 
Ethvllc  Mettaylueto-acetate.         Ethyllo  MethyUsetate 

or  ProploDJite. 

'^<'<C(ai,),-00,C,Hj  =  CIKCH,),— CO/',H»  +  CHjOO 
Elhylle  Dlmrthyl.  Etliylic  Dlmeihyl»oet«te 

aceto-aeotste.  orliobutyrate. 


^ 
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This  rt'Action  oxplains  the  direct  production  of  lh»  eth«n  of  the  high 
fatty  acids  by  the  simultaneous  actiou  of  sodium  aiid  nJcoboUc-ndiclet  4 
aoutiii  i-lluT  (p.  OS(J). 

Thu  sutistitutcd  etliurs  of  aceto-acetic  acid,  Ut-ated  with  aq aeons  alka 
are  devom{ioaud  in  the  samo  manner  as  ethylic  aoeto-aoetate  (p.  722),  jrid 
ing  various  kutonus  ;  «.  </., 

co<^ScH.)-co.c.n,  +  '•''"'  =  '^"•'^  +  ^•"'''"  +  ^'^^^VH. 

Hethyl-acrlM 

C0<^"' H,).^OX.H,  +  2Kon  =  CO.K.  +  C.H.OH  +  CO<^{|j,.^h^' 

Dlettiyl-Mftoac  , 

The  following  table  exhibits  the  tx>iliiig  points  and  specific  graritie»  i 
those  substituted  aootaoetio  ethers,  and  their  reactions  with  ferric  <.' 


CO 


H(CH,)— COjCH, 


^^<Cc  U  (ClI,)— CO,C,Hi 


RcMtloa 

Boiling  Point. 

Spec.  Qrarlty. 

with  Ttmt 
ChlorUe. 

t      177°  C. 
(350.eO  K.) 

1.020  at  90  C 

Violet-Ni 

(48.20  F.) 

1      I90O  C. 
(3740  p.) 

0.995  at  140  C. 

Violet-red, 

(57.20  F.) 

186°  C. 
(36G.SO  F.) 

(3153.20  F.) 

0.!I91  at  MSP  C. 

(60.8°  F.) 

1950C. 
(3830  F.) 

0.983  at  leOC. 

Bine. 

(60.80  p.) 

210-21 20C. 
l(410-413OF.) 

0.974  at  00  C. 

^^1 

^ 

Isopropy  lated    aoetanotio    others    are  ohtoiued  by  treating  tMn 
auetacotic  others  with  sodium  and  isopropyl  iodide. 


Diatomic  Acida. 

These  acids  contain  two  hydroxyl  groups,- and  are  monobasic  or  Hh«*Vl 
aooording  as  one  or  both  of  those  hydroxyls  belongs  to  a  oarbozyl  gtoafil 
COOH  ;  e.  g.,  ' 

rn/m  fooH 

I  I 

rooii  (V>OH 

Qlycoltro  «cld.  Uxxlii!  neld. 

1-UiiBlo.  »ba<la. 

I  of  til. ■Ill  arc  foriiieil  by  oxidation  (exchange  of  II,  for  O).  franM 
•looliolsi   (ylywils),  containing  the  same  numlx-r  of  cftrt*n-alnm« 
those  glycols  which  contain  the  group  t'll,OH  twi(-o,  yielding  in  Uii»  insii"*l 
two  diatomic  acids,  one  mono-  and   the  other  bibasic,  whilx  thoee  wliidlj 
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eont&ln  thia  group  only  onoe,  yield  only  one  acid,  which  is  monobasic ; 
thus: — 


CH, 

CHOH 

CH,OH 
a-Propeoe  glycol. 

CH,OH 

CH,  yields 

CHjOH 
fi-Pnpeat  glycol. 


yields 


CH,OH 

coou 

^Lactic  Acld. 


cu, 

CUOH 

I 

COOH 
a-Laetlo  lusid. 

COOH 

>^- 

COOU 
Maloule  scld. 


and 


I,    II0X0BA8IC    ACIDS. 

C,HfcO„  or  C.H,„<^yQjj  . 


These  acids  are  called  lactic  acids,  after  the  most  important  member 
of  the  aeries,  and  oxy-fatty  acids,  because  they  may  be  derived 
from  the  acids  C,U^O,  by  snbstitutiou  of  OU  for  H  ;  thus  : — 


CUj.COH 
Aoetic  AclcL 


CUjOH— CO,H 
OxynoetlD  acid. 


They  contain  two  hydroxyl  groups,  one  alcoholic  (connected  with  the 
radicle  C„H,^,  and  having  its  hydrogen  replaceable  by  moiiatomic  aleoliol- 
radiciea,  acid  radicles,  and  alkali-metals;  the  other,  basic  (c(>nne<:ted 
with  CO),  and  having  its  hydrogen  roplatjeablo  by  metals  in  general  to 
(arm  salts.  Kach  of  them  can,  therefore,  form  tlirw  ethers,  containing 
noaatomio  alcohol-radicles,  but  only  one  serira  of  metallic  salts,  except 
with  the  alkali-metals,  with  each  of  which  they  can  form  two  salts.  Of 
the  ethers,  one  is  acid  and  the  other  two  are  neutral  ;  thus  from  glycoUiu 
aad,  CHjUHX'OOU,  are  formed  :— 


CH,OCH, 


COOH 
Methyl-KlyeolUe 
acid. 


CHjOH 

COOCH, 

Honomethyllo 

glycolUte. 


CHjOCH, 

roocH, 

Dlmethyfle 
glycolUte. 

TtM  known  members  of  the  series  are  the  following  : — 


Carbonic  acid  .        , 

OlyooUio  or  Ozyacetio  acid 

Lactic  or  Oxypropionic  acid 

Oxybutyric  acid        .         . 

Oxyvalerio  acid         .         . 


Oxycaproio  acid        ,        ,        , 
ud  others  containing  T,  9^  and  12  atoms  of  carbon 

(II* 
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All  thffiti'  aci'U  of  the  series  wliich  contain  iiior«  than  tvo  ab 
bon    admit  of  isoiuoriv    uunlificatious.     Uf  tliesv    soou   ar.'    xiiato 
litruvturu   to  thn  iirimary  or  8PUiii<l»ry  alc<>hol3,  aiul  i. 
tw>-aci<l8,  wxioniiiig   U)  tlio  structure  of  tin-  alcohul-nil  i 
tliL-m.     Otlicrs  aru  analogous  in  atrnoture  to  Uir  ti>rti&rv 
furmi'il  from  oxiilic  aoiil  or  its  utlivm  Yty  a  spriiii  uf  trai  nt  tu\ 

prusuutl/  cxplaiued. 

Thuy  arc  all  nmnobanio,  as  already  olieervo<l,  vxocjil  rartunic  acl4,  wh 
Is  bibasie,  itg   two  liydroxyl  griiujis   bwiuif  similarly  relatnl  to  tl>i> 
CO.     TUia  aoiil  will  b«  coiisiiluriMl  by  itself. 

The    luirmul   and   imt-lurtir  uciilt    are    formed    by   Uia   following   cc 
provesnes : — 

1.  By  slow  oxidation  of  the  glycols  in  contact  with  pUtinmn  Uadt,< 
by  tUo  action  uf  dilute  nitriu  acid  ;  e.g., 

H.c<i:ij;';}}  +  0,  =  H.0  +  a,c<::;,'.'i« 


fi-Propenc  glycol. 
«-PropeDo  glycoL 


XHJU 


+     O. 


VLfi 


fl-Lantlfi  sold. 


2.  By  the  action  of  moist  silver  oxide  on  tin-  monocblortnal«d  or  I 
bromiimU<d  derivatives  of  the  fatty  acids  (p.  689);  t.  g., 

CII.Cl— CO.U    +    AgOH     »    AgCl    -t- 
OhloraoeUo  sold.  ° 


CH,on— m,n 


3.   From  tbe  glycollic  chlorhydrins  Cp.  S99),  by  oonvertlnR  III 
eyanicli'B   by  the  action  of  potassium  cyanide,  and  boiling   tiiu 
cyanides  with  alkalies  or  acids  : 


Ublorhydrlo. 
Oyanh;drla. 


+     CNK 


KC\     + 


+     2H,0     =     NH,    + 


0]r<M>li);dnB. 
^La«ll«  wtd. 


4.  Bv  lirntiMK   nn  aldehyde  or  a  ketone  with  hydrooyanio  and   bjJ 
chlorlraeid,  whereby  a  oy'anhydrin   la  produced,  and  tmating  IhU  ■ 
pound  with  arids  i>r  alkali<'H  as  above : 

cii,-cno  +  CNH  =  cnr-cn<^U 

,  Aldehyde. 

CU,-^:iI<[lJ,'    +     2H.0    -    NH,    +     CH^H<J!^^g 

a-UtctIo  acid 

a.  By  tUo  action  of  nitrone  add  on  the  amtdUcd  «l*rir«tlr««of  tb*! 

"«C<n"'H    +     NO,H    -    H.0    +     N,    +     n,C.' 

Amldneetio  **'*..., 

•rid.  •*^- 


The  ttrliarf  lactte  actdi  are  rejirioiented  by  thx  genoral  fonaoU : 


UONOBASIO    AClbS. 


ni 


re  obtained  in  the  form  of  ethera  by  tho  action  of  the  zinc-oompound 
rSr  alt-ohol-riulicle,  <-\H^4.„  on  a  neutral  etliumf  nxalic  acid  voutaiuiiig 
Miii'le  of  the  aumv  aeries,  such  as  dielhylic  oxalate  Tliu  reai'tiuii  con- 
A  in  th"  replacement  of  an  atom  of  oxygen  iu  tho  oxttlie  ether  by  two 
iiraleut»  of  alcuhol-rtidicle,  and  the  bimiiltaneoua  reiiluoement  uf  an 
livaleiit  of  ethyl,  methyl,  etc.,  in  the  oxaliu  ilLer  by  an  equivalent*  of 
B,  whereby  an  ether  of  ;tine-diethoxalic  acid,  etc.,  is  produceii,  which 
certain  obvious  trauDlormatiouii  may  Iw  oouvort«d  into  the  required 
1;  tbiu: 


0:ZC— OCH, 

O— C— tX'U, 

Dinethylle 

oaalate, 

(C,UO,C— OZn' 

O-f— <V'H, 
Methyl  ztDco> 
diatboxalate. 


aZn'C.H,    =    Zn'OCH,    + 


•f     llOU 


Zn'OU     + 


(C,Hj,t.^-OZu' 

0~C— f)CH, 

Mettayllc 

xlDOO-dletboxalateb 

(C,U.).0— OH 

0-C— ()CI{, 

Methylic 
dlethoxalatc. 


The  methylic  diethoxalate  is  easily  decomposed  by  baryta-water,  yielding 
>tbyl  alcohol  and  barium  diethoxalate : 


(C,H4),(>-OH 


,CH, 


^  CO,< 


+     Ba'OU 


(CH,)OU 


,      (C,U,),C-OH 
4-  I 

CO,Ba' 


d  this  salt  decomposed  by  aulphuric  acid  yields  dlethozalic  acid, 


isomeric  with  leuciv  acid. 


In  the  first  stage  of  the  process,  it  ia  found  Ix'tter  to  nse  a  mixture  of 
Uyl  iixliilo  with  metalliu  zinc,  which  priHluces  xiiic  etiiitle,  instead  nl'lhe 
Iter  uompouud  previously  prepared.  The  other  tertiary  lactic  acids  are 
epwvd  iu  a  similar  manner. 

Itrtirtitint. — 1.  All  the  acids  of  the  series,  C„H,„0„  arc  reduced  by  h^ri- 
u-  tvid  to  Uie  corresponding  monatomic  acids,  C„ll|aO„  «.  g.,  lactic  to  pro- 
iinic  acid  : 


C,U|0,    +    2HI    =     U,0    + 


+    C,H,0,. 


r  the  action  of  iihosphonu  pentuMoride,  Iwth  their  hydrnxyl  j,T0up8  are 
plarad  by  chlorine  ;  thus  glyoollic  acid  yields  glycoUyl  chloride,  or  olilor- 
rtjrl  chloride,  CU,C1.C0.CI : 


Olycolllo  Mid. 


2P0C1,    4-     2IIC1    + 


Glvcullyl 
chloride. 


je  chlorine  in  the  pronp  COCl  of  the  resnltinp  rhlnrides  is  easily  attacked 
'  water  and  ahnihuls,  forming  acids  or  etloTS  :    cbbirncetyl  chloride,  for 
sample,  yielding  chloracetic  acid,  f'H,Cl.rO.()H,  or  its  ethers. 
3.  The  ethers  of  the  tertiary  lactic   acids,  when  treated  with   I'Cl,  or 
,0j,  are  converted  (by  akatraction  of  H,0)  into  etliera  of  the  acrylic  series 


*  To  •Impllfy  the  rqaatlooi,  itit  tquivaitnt  of  ilno  (Zn'< 
an  (OS). 


-316)  la  uaod  Initeitd  of 
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(p.  714),  e.  g.,  etbjrlio  dimethoxaUie,  (CBJ/Xta— COjC,II^  iato  < 

iuetliyliu:ryUt«, 

3.  The  isijlactie  acid«,  wki-a  deprived  of  the  elements  at  wator 
■ctioii  of  bt^at  ur  ollierwite,  are  convfrted  into  anhydride!,  wlilelii 
be  of  three  kinds.  If  the  eleoieuU  of  1  iwil.  H,0,  are  reBMiTuit  {MTtlr 
from  one  and  partlr  from  another  molecule  of  the  ai-M .  ati'I  the  t»nf»« 
dues  unite,  the  result  is  au  anhydride  of  the  6nl  ''-ring  is  o* 

Btitution  and  properties  acoonlin^  as  the  two  )ijr>l:  .«  are  lako 

from  the  carlvix.vl-group«,  or  fn^in  the  alcoholic  b.v<lr<ix  vis  ,  tn  tb*  taiati 
cane,  the  product  is  an  acid  anh  vdride;  in  the  latter,  Mi  aloobelti 
Anhydride,  or  aubydro-acid;  thua : 


)H 


OH 


Olf  eollle  auhjtilrtit*. 
J,     ^'OOQ 
O 

l>lgUeolllc  kcld. 

If,  on  the  other  hand,  one  molecule  of  water  iii  rt'Uiore<l  from  oim 
oulu  of   the  acid,  the  rumoiiider  ooiutitatei  an  anhydride  o( 
■  eoond  order;  e.y.; 


Olreollio  aeld  (1  moL). 


^^<co. 


—        H,0        = 


—        H,0         = 


OH 


CH,.OH 

CO.OH 

Olyeolllo  aeld. 


H.0  =  j;;>o 

aiyeoUbU. 
OlyeoIUo    Acid,  C.H.O,  =  CH,<;^,^ y .— TTiU  aoiil  i* 


ill  a  variety  or  reaotionti,  Mime  of  which  have  he<<u  alrea'ty  nwtitiaa 
the  oxidation  of  glycol  liy  contact  with  platinum  bla«k  or  t^  trnat 
with  dilute  nitric  acid  ;  the  diKyjmposition  of  aiul>laoinic  aci<l  {g\jcHd»i\ 
liy  nitrona  acid  ;  the  action  of  water  or  alkalies  on  hrtintAevtio  Mai  ckhf 
acetic  acid,  or  their  salta  (p.  titfO),  r.  y.,  I>y  Uiiling  oilvcr  braOMoelAto  vltt 
wat«tr : 

C,U,BrAgO,    +     H,0    =    AgBr    +     C^J\. 


It  la  aUo  prodnoed  :  ■.  By  the  action  of  alkalio  on  glyoxa)  < 
lie  •t^id. 


if«r«r' 


Olyoaal. 

aiyux/Ula 
••Id. 


H,0 


11,0     = 


r,n  o,   + 

•eld. 


C.HO, 
Olf  (ollla  •£!& 

OrrrolUe 

•cia. 


H  T\«c*«)Mr  with  irlyoxaL,  glyoxxUe  Ksld,  and  other  proliicla,  tgr  lk«  ■»' 
Witn  ■-'  -' acM  Upon  tiatiliot. 

>  '  ttMi  i4  MMMl  hytfnifvB  <vrolT«d  bj  Mim«  «mI  ivlplial* 

av4-J  <  live  acid: 


f.ll.O. 


ill,       -       U,0 


<'iH,<V 


OLYOOLLIC    ACID. 


V29 


llyoulllc  acid  differs  somi^what  in  its  properties,  acconling  to  the  ttian- 

tiFT  ID  which  it  is  pri-pared,  baling  sonietiiui^s  ayrttpy  and  ancrystalliiablc, 
:wniietiuu-d  si'lioraliiik'  frmn  its  snlutiua  in  etiixr  in  largu  rugular  cr.vstals. 
Il  htt«  n-rt>ry  mnr  i  ivns  I'asily  in  wati-r,  alitihol,  and  t'tln'r  ;  int-lta 

at  7^*^  or  7'>0  C.  >  l.'JOK.);  begins  to  boil  at  lOdO;  dwoin]ioees 

^|,,.,,  i.....i...(  tt,  at«...  i,,^.-  I  .  (30^'  F.).  All  the  gl/cullati«  ori!  more  or 
li^-  iiid  cryatalliialili*. 

I  ;«  mil',  (C,H,,l),),Ca  +  2H,0,  ia  allglitly  Bfluble  in  cold  water. 

•Dd  crystallizi-s  in  ni^lm.  Tliu  «7iwr  mil,  C,H,()]Ag-|- ^ll,0,  is  also 
BMringlv  suluble.  The  Hht/lie  tlher,  C,l(,0,.C,H^,  is  a  liquid  having  a  a|ie- 
olflc  gravity  of  1.03,  and  boiling  at  15(tO  c.  {WJP  F.)- 

■^cid awl  Alcohftlic  iJfrirativts  it/'  (jli/irMic  Aciii. — The  alcoholic  liydrogen 
"[^lyoollie  acid  may  1h«  replacod  cither  liy  acid  or  by  alwholic  radiides. 
ot-id  derivatives  are  formed :  a.  By  heating  glyoullio  acid  witli  mon- 
•Unnic  acids : 


cii,on.co,n 

Olycolllo  acid. 


C.njO.OH     = 
Aoetlc  aold. 


».0    +     CB,<^^g[' 


Acetoglycolllo 
aoiu. 


£.  By  the  action  of  the  alkali-salts  of  monatomic  acida  on  monocblor- 
(ic  acid : 

CH.CI— CO,H    -f      CjIIsO.OK    =     KCl     -f     CH,<*^'h»° 


Oblomeetlo 
aelil. 


rctnitlum 
beaxonte. 


BeDioglyeolllo 
add. 


The  alndiolic  derivatives  are  formed  by  the  action  of  sodinm  alcoholatua 
OB  dUoracetio  acid : 


Clt.n— COjNa    + 
Cblorscetate. 


C.HjONa    = 
EtbylBte. 


NaCl     4- 


Etbyl-glysolUte. 


MHh>,l-lt>iroltir  nciil.  Cn,OCn,.CO,H,  bolU  at  lOSO  C.  (3.S4.40  F.)  :  rM.//- 
flyrollii  uV/V,  CH,(K',llj.rO,H,  at  2(>»P  C.  (402.&O  ¥.).  Both  are  perma- 
nent in  the  air,  and  are  not  deoompoiiwl  by  Iwiling  with  olkaliea. 


Anhydritlrt.  —  Dlgly  eollio 


a  0  i  d ,    C,H»05  =  ZC.HjO,  —  H,0  > 


0^|,.,'     pft-Aii  >  *l*o  called  fhramaHc  acid. — This  acid,   isomeric  with 

mn"-     -     '    •'MiJ  related  to  plycollic  acid  in  the  same  manner  ast  dietlienio 
al'  wM)l,  is  priKliuMxl  by  llie  dehydration  of  glycollic  acid,  and  hy 

th..  I  of  dielhenic  or  triHtheniu  alcoliol.     It  is  also  formed  in  the 

preparation  of  glycollic  acid  l>y  iieating  sodimn  chloraretate  with  caustic 
aula,  which  in  fact  is  the  pro;!esa  by  which  it  was  lirat  obtained  : 

+     2NaU0    =    Naa    +     H,0    + 


I 


c.n,nn 

OblorMictIo 
teld. 

c,H,no, 

CblODicvtte 
aeld. 


C.H.NaO, 
Sodium. 
glyooUitte. 


NaCl      + 


CjHjNaO, 

SmJhini  Kly- 

collnte. 

C.H.O, 
Dlglycolho 


Dislywj'lif  *<"'d  crrstallizes  in  large  rhombic  prisms,  melting  at  150O( 
(3<W-^  v.),  and  distilling  with  slight  decompoxition  at  asil'J  C.  (482^  F  ); 
KUily  doluLle  in  water  and  in  alcohol  ;  not  dwom|Kised  by  iKiiling  with 
alkaiire.  It  if  bibasic,  forioing  with  uiiiTalcnt  luct.ils,  add  salts  coiiinin- 
ing  OjJIjM'O,.  ond  normal  salts,  C,H<M,Oj;  with  bivalent  metals  it  forms 
ooly  uurmal  salt-f.  C,ll,M"Oj.     The  calcium  'oil  's  "wry  noluUe. 
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OlyooUlo  Anhydride,  C,H,0,-.0<;^;;^||«^2  .obuinod  by  ex- 
posing the  «oid  for  a  few  days  to  the  Tspora  of  gulpharic  anhydride,  U  » 
liutreless  powder,  melting  »l  128^130^  C.  (262.4^26flC  p.);  in«<>lntili-  ia 
aloohol,  L-tker,  and  cold  water;  boiling  water  reoonrcirts  it  into  gtycollM 
acid  and  dissolvea  it. 

CH, 

Olyeollide,  C,U,0,  =  0<f  I      .  i»  formed  by  heaUng  glyoolUe  Mid 

to  IfiOO  C.  (302°  P.)-     It  >*  >  wliit«  amorphous  powder,  melting  at  1 
C.  (3560  F.)i  insoluble  in  oold  water,  reconverted   into  glyooUic  acid    _ 
boiling   with    water.      Heated    with    ammonia    it    yields    glyouUamiii^ 
CHjOH— CONU,. 

Iiaotlo  or  Oxyproplonio  Aoida,  C,I1,0,  =  Cyi^'^^Qg 

—0(  these  acidii  there  are  two  isomeric  modiAoationa,  rix.  :— 
CH,  CU,OH 

CHOH  CH, 

I  I 

CO.OH 


iJ^ 


COOH 

tf-Laetlc  or 

£thldro«-Uctlc  acid. 


fi'LaeUo  or 
Ethene-Uetic  add. 


XH, 


,  ia  the  ordi- 


1.  Ethldone-lactlc.  or  l»olacUo  Add,  HOH(  <J-,^'»y , 

nary  lactic  acid   jmHiuct-d    by  a  j>fculiar   fermentation  of  supur  n"!  ..ihir 
carl»ohydrat(»s,  honce  vti\lf*<\ /rrm^Htation  lactic  arit/.     It  if  aUc  i  ^ 

the  tirHt,  second,  fourth,  and  llftU  uf  thi-  general  reactions  ni: 
tioned  (p.  720),  viz.,  by  oxidation  of  a-propene-glyool  ;  by  tlm  arUuii  uf 
moist  silver  oxide  on  i-cblorupropiouio  acid  ;  by  the  action  of  hydnu'vanic 
anil  liydra<.'hloric  acid  on  aldehyde  ;  and  by  that  of  nitrons  aoid  on  a-ami- 
dopropionie  acid  (alanine);  and  lastly,  by  the  action  of  nascent  hydrogtR 
on  pyruvic  acid  : — 


+     H, 


•0,H 


CH, 

CH.OH 

(:o,H 


Preparatinn  of  Orrlinari/  Lactic  Acid  by  Femumtation. — Variong  ldnd(  of 
sugar  and  dextrin,  when  gubji<cted  to  the  action  of  partirnlar  fenuentf, 
are  converted  into  lactic  acid,  the  oliange  oonsistinf;  in  a  resolution  of  th* 
molecule,  preceded  in  gome  cases  by  the  assumption  of  tho  element*  of 
water : — 


C,H„0, 

OIUOOM. 

C,,H„0„ 
Milk  lugar. 


H,0        o. 


2r,ii,n, 

Luetic  Add. 

4t\H,0, 
Laetlc  add. 


This  lactons  fermentation  requires  a  temperature  between  20O  and  400  r, 
(680  and  104O  F.),  and  the  presence  of  water  and  orrtain  fenn 
albuminous  subtitaiiees  in  a  peculiar  state  of  decom]>09ition,  sii 
glutiii,  or  animal  membranea,  especially  the  coaling  of  the  stMi,,.,.  ,,  .i  ,..r 
cnlf  (rennet),  or  of  the  dog,  or  blndder.     According  to  Pasteur  auil  othem, 
it  depends  upon  the  presence  of  a  |>eculiar  fungus,  Pciiicillium  i/lnucum  (fi 


I 


_  The  roUonring  is  a  good  method  for  preparing  the  acid  in  oonsider- 
•  quantity  :  2  gallonH  of  milk  are  mixpd  wiOi  H  iMuiiirlx  <<f  raw  augur, 
iiints  of  watvr,  b  oancus  of  putrid  c'lieii)«,  and  4  jK>uiids  of  clialk,  which 
■Id  be  mixed  up  to  a  creamy  coiwiHteiKO  with  ixitiip  of  the  liquid.  This 
lire  ia  exjiosed  in  a  looaely  covered  jnr  to  a  ti-iiipfr/itnrif  of  altout  3(W 
[MOK.),  with  occasional  atirring.     The  use  of  the  chalk  in  to  nfutralizo 

lactic  acid,  which  would  otherwiHO  loagulate  the  caai'in,  rcnJiT  it  in- 
■Ue,  anii  thereby  put  a  stop  to  the  proctwB.  At  tli(>  end  of  two  or  three 
•ka  it  will  be  foiuid  converted  into  a  senii-tiolid  uiaHa  of  calcium  lactate, 
leb  may  be  drained,  pressed,  and  purifltxi  by  ro-cryatallizntion  from 
'XT.  The  lactate  may  lie  deoompiwed  by  the  necessary  ijuantity  of  pure 
tUc  acid,  the  filtered  liquor  neutralized  with  zinc  curUmate,  and,  after 
BOond  flUratiou,  eva]iorated  until  the  zinc-aalt  crystallized  out  on  cool- 
.  If,  in  the  first  part  of  the  jmH^eHa,  the  nulid  calcium  lactate  be  not 
loved  at  the  proper  time  from  the  fermenting  liquid,  it  will  gradually 
iscolve  and  disappear,  being  converti<d  into  aoluble  butyrate  (p.  703). 

important  modjllcation  of  this  process  consists  in  employing  commercial 
D-white  instead  of  jiowdered  chalk,  which  yields  at  once  ditKcultly 
able  lino  lactate,  easily  purified  by  reiTystalliiation.  The  zinc  lactate 
f,  lastly,  be  reilissolved  in  water  and  decnmpoeed  by  sulphuretted  hy- 
gen,  in  order  to  obtain  the  free  acid.  Together  with  the  lactic  acid  a 
tain  quantity  of  mannite  is  invariably  formed.  This  ia  separated  by 
tating  the  concentrated  aqueous  solution  with  ether,  in  which  the  lactio 
1  alone  ia  soluble. 

jhrtic  aciil  may  be  extracted  from  a  great  variety  of  lti)Uids  containing 
omposing  organic  matter,  as  lauerh-aut,  a  preparation  of  white  cabbage, 
I  sour  liquor  of  the  starch-maker,  etc. 

blation  of  lactic  acid  m.iy  be  conccntrati'd  in  the  vacnnm  of  the  air- 
np,  over  a  surface  of  oil  of  vitriol,  until  it  appears  as  a  colorless, 
apy  liquid,  of  sp.  gr.  1.215.  It  hn.'i  nn  intenHcly  sour  taste  and  acid 
ction  :  it  is  hygroscopic,  and  vt-ry  solnble  in  water,  alcohol,  and  etlii'r. 
ly  prolongiMl  evaporation  over  snlphiirie  aiid  it  is  partly  resolved  into 
Usr  and  anhydride,  and  by  distillation  it  splits  up  into  lactide,  C,ll^O„ 
ehyde,  carbon  monoxide,  and  wat<^r. 

)y  oxidation  with  chromic  acid  mixture  lactio  acid  yields  formic  and 
tie  acids.  Boiled  with  dilute  nitric  acid,  or  with  dioxide  of  lea>l  or 
iam,  it  ia  convert»l  into  oxalic  acid.  Distilled  with  dilute  sulphuric 
i  and  dioxide  of  lead  or  manganese,  it  yields  a  lar<;e  quantity  of  atde- 
le,  together  with  carbon  dioxide,  Hydriodic  acid,  or  a  iiiixtiire  of 
Mphoraa  tetriodide  and  wat^-r,  reduces  it  to  propionic  avid,  with  libera- 
1  of  iodine : 

c,HA   +   2111   =  c,n,o,   +   11,0   +    I,. 

leating  with  hydrobromic  acid  it  is  converted  into  a-bromo-propionic 


h 


rH,— CH(OH)— CO,H    +     HBr    =     11,0     +    CHj— CHBr— rn,H. 

^ae tales. — The  beat  defined  of  these  saltB  are  represented  by  the 
nula,  M'CjHjO,  and  M"(r,HjO,),.  Barium  and  calcium  also  form  acid 
lalo,  t.g.,  Ca(C,H5n,),.2CjH,0,.  The  lactate?)  are,  for  the  most  part, 
iringly  soluble  in  cold  wafer,  and  efBon-sce  rapi<lly  from  their  solutions  : 
■y  are  .ill  insoluble  in  ether.  When  heated  with  excraa  of  strong  sul- 
iiric  acid,  they  give  off  a  large  quantify  of  pure  carbon  monoxide. 


•  /<«/«/«,  C,U^O,N»  =  CHj 


^"<^o%. 


obtained  by  neutralizing 


with  sodium  carbonate,  is  an  amorphous  mass,  who.  li,  wh 


lutralizing         M 
len  heated        H 
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with  tnetsllio  wwUnm  Js  oonvertwi  into  disodio  lacUte,  CH,<^^'      ,  U>* 

alcohol  hydnigpn  lieing  likowisx  rcplaowl  by  Rndiuni. 

Calcium  liitinli;  (C',IljO,),Ca  -\-  'tll^O,  i»  obtaiiie<l  In  the  fermeuUtii* 
prooewi  above  described,  or  by  iKjiling  aqneoux  Uctio  acid  with  calciiia 
carbonate.  It  di«!iulv(«  in  9.5  iiarts  of  wat4.<r  at  ordinarr  temperstarm.— 
Zinc  Itictalr,  (C,U5t)j)^n  -\-  3im»,  (jives  off  its  water  quickly  at  IIHIO,  Jb- 
solves  in  ti  parts  of  boiling  water,  in  5.8  parts  of  cold  water,  and  ia  uoiri; 
iiiHuluble  in  alioliol. — /rrrniu  lucliitr  is  preeipitated  in  small  yelluwiih 
needles  iin  mixing;  anunonium  loetale  with  ferrous  chloride  or  snlpbale.— 
J'erric  luriule  is  a  brown  deliquesouut  mass. 

Lactic  Ethers. — Ijuitic  acid,  like  the  other  members  of  the  groap, 
can  form  three  different  ethers  containing  the  same  univalent  klcnh)4- 
radicle,  aoix>rding  as  the  alcoholiu  or  the  basic  hydrogen-at«ini,  or  ba(i^ 
are  replaocd  ;  th  us  : 


COOH 
Lactic  acid. 


C»X)H 
Ethyl-laatio 

acl>l. 


C.H.OH 

0()OC,H. 

Monethylle 

Jnctste. 


C,H.OC,H, 

COOCjH, 
DIethylle  Uetatc. 
or  etnylic  ethjl- 
UelAte. 


Moncthylic  lactatf,  C,HjO,.C,Hj,  is  produced  by  distilling  potaasinn  « 
sodium  lactate  with  iHitassium  ethylhiilphate.  It  is  a  syrupy  liquid,  bafl- 
iug  at  VjeP  C.  (348.8C>  F.).     Potaasium  diasolvea  in  it,  with  evolution  of 

C,H,OK 
hydrogen,  forming  ethylic  potassiolactate,    |  . — Etkyl-laclic 

t.OOC,Hs 
aciil,  C,H,(OC,Hj) — CO,H,  is  obtained   as  a  potassium  or  calcium  •">!'  '" 
decomposing  diethylic  lactate  with  ju'l.ish  or  milk  of  lime.     Wb- 
rate<l  from  these  salts   by  sulphiirir  acid,  it  forms  a  viscid  liqni^l. 
with    partial   decomposition    Itetwecn    195°   and    1980. — Oitthiflic  .  . 
C,n,(OC,Hj) — C'OjCjHj,  is  pro<iuoed  by  the  action  of  ethyl-iodide  •n    i; 
potassiolactate,  and  by  that  of  sodium  ethylate  on  ethyl  eliloropropioxijU: : 


C,H.C1— COC.H,    + 
£thyl  chloropro* 


NaOCjHj 

Sodium 

ethylate. 


NaCI     +     C,n,(OC,n,)— ffV'.Hj 
bielhyllo 
laclaie. 


plunnto. 

AMii/l-larilr  add,  C,n,(CH,)Og,  and  its  alno  and  silver  salte  have  alw 

been  obtained. 

The  alcoholic  hydrogen  of  lactic  acid  may  also  be  replaced  by  acid  radi- 
cles, forming  such  onmpounds  as   acetolactic  acid,  '^iHj<^]]^  jj*  . 

I^trlyl  Chloride,  C.,H,0('1„  or  m-riilnroprnpiongl  C^Uide,  CjU,C\—l\K\,'» 
obtaimyl,  together  with  phosphorus  oxychloride,  by  gently  heating  a  mil- 
ture  of  cnloiuni  lactate  with  phosphorus  p*>ntachloride.  It  is  a  oolorl* 
liquid,  iKiiling  alwre  lOCPCi,  and  ileamiposi^d  by  water,  forming  hydroohlofi* 
and  chlonipropionie  acids.  With  alcohol  it  forms  ethylic  •-chloropnV 
onate.     Uy  heating  with  alkalies  it  is  converted  into  lactic  acid. 


.2C,H,0,— BfO" 
,  formed  by  heating  lactic  acid  to  ISOO-KKP  C.  (SM*- 


Lactic  AieHTnKinES. — 1.  D  ilaotio  »e{d,  C^H^O, 
H,c— ;;;CH— CO.H 

H,C_^CH— CO,H 

392^  F.),  is  an  amorphous   mass,  very  bitter,   and   nearly   insoluble  i« 

water,  but  reconverted  into  lactic  acid  by  prolonged  boiling  with  water. 


XTBBNE-LACTIO    OR    UYDBACRYLIC    ACID. 


733 


2.   Laotitle,  C,H,0,« 


s  UC— CU„  the  seoood  anhydrtde  of  Inctie  acid, 

o~~co 

iisnlialion  of  lactic  or  dilnotio  aciil,  and  ni.iy  1«>  olilainori  ' 
>:itiiig  llio  diBlillatu,  washiii);  llu-  ii-i>idut.<  uilli  cold  aUntinl, 

iijg  it  from  hut  alcohol.     Laotide  tliiu  {>uri&i<d  crfatallix>»  in 

I'latvs  whiab  melt  at  107^  C.  (224.6'^  F.)  ;  it  diimulvtai  gradually 

'i<;  or  Siircnlactic  aciil  is  a  modification  of  lactic  acid,  existing  ia 

'I  organiitm,  «9{>(X^ially  in  muscular  Ut^Hh,  frnm  which  it  may  l>e 

liy  cold  water  or  diluto  ilcohol.     It  ia  most  easily  prepared  Irom 

xtracl  of  meat.     It  agrees  in  all  its  reactions  with  fermentation 

I,  and  must  thureforo  hava  the  same  chemical  structun*— that  is 

'    must    Iw   an   ethidene-lactio   acid — liut  it  dilTers  from  ordinary 

I  in  its  relation  to  pul3rizi>d  light,  inasmuch  as  it  turns  the  ]ilana 

itiiin  to  tho  left,  whereas  ordinary  laotic  acid  is  optically  inai'tive. 

]*  inferreil  that  the  two  modiruatlons,  though  chemically  identical, 

iili-r  iVum  one  another  in  physical   structure ;  in  other  words,  that  the 

^itTervnco  between   theiu    oonsists,  not   in    the  arrangement  of  thu  atoms 

rilhiu  the  molecules,  hut  In  thu  arrangement  or  modificittion  of  thu  mule- 

Duleg  amongst  Ihcmsolvi's.     There  are  other  cases  of  dlirnreuce  in  physical 

■  I'wxisting  with  chemical   identity,  which   are  attributed   to  a 

iTcrenoe  of  jihysical  structure,  as  in  thu  several  modiflcations  of 

,.•  nil. 

Some  of  the  pnralact.itcs  differ  from  the  ordinary  lactates  in  solubility 

other  characters  ;  thug  : 


Lactate. 


(C,Hi0,)jC»+BH,O;  nod- 

nlar  groups  of  nemlles, 
solulih.'  in  U.6  parts  of 
oold  water. 

(C,HiOj)jZn  +  3H,0  ;  slen- 
der n>;edl(«,  soluble  in 
.58  parts  of  oold  water. 


ParnUctole. 


-f4H/>;  solnWein 
VZ  ports  of  cold 
water. 


+211,0;  thick  shin- 
ing prisms,  sninblo 
in  17  parts  of  water 
at  150C.  (.'jflOK.). 


PftralMtio  add  hnal^id  to  13(0  C.  (2G60  F.)  yields  dllaoUo  acid,  oonvert- 
itil>>  liy  water  into  ordinary  lactic  acid. 

CH,— OR 
Ethene-lactlo  or  Hydracryllc  Add,    |  . — This  aciil  is 

(.H^—CO.H 
I.  .1  by  heating  fl-iodopropionic  acid  with  moist  silver  oxide  ;  CFI,I — 
II  -f  Ag<  >H  =  Agl  -f  CH.OII— (.11,— C'OjH.  It  is  a  thick,  uncrya- 
syrnp,  which,  when  heatefl  alone  nr  lioiled  with  snlphurio  acid 
I  lit  ail  uqual  weight  of  water,  is  oouvcrted  by  dehyilratiou  into 
id: 

cn^)H  rn, 

I  -      IljO        = 

CII,— CO,lI  CU— COjH .  
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By  heating  with  hydriodio  acid,  it  ia  reconverted  into  £-iodopmplomo  wU] 
hy  oxidation  witii  cliromio  acid  mixture,  or  nitric  avid,  it  yicl<lB  oxalic  aci 
anil  cat  Ixin  ilioxiiU^.     Wlicii  licatol  with  silver  oxide  it  ia  ruuTtrtal  uiU 
oorbawtoxjiic  acid,  C'jHjO,. 

Tlio  itii'tuUii;  livdracrylaii's  r.rc crystalliial'lc.    Tl>«  ><x/t°Mni  tail,  CjUjf>,Nj 
cryatalliira  in  lint  prisms,  wliich  mi-lt  witlioiit  lews  i<(  weijtlit  at  14"JS-14'' 
C.  (367.(iCi-"J!»S.40  »•'.),  but  give  olf  wat.-r  at   inOO  c.  CMS>  K.),  l-*m| 
Bodiuni  acrylali',  ("jUjajNa.     Tlio  mlcium  mil  (f,lIjOJ,Ca  +  2U,0,  fnn 
largu  rliouiliio  pritmiK,  wbicli  rIvo  off  tlii-ir  wat«r  of  crystallization  at  I'H' 
Tin-  dehydrattNl  salt  uniti'S  witliout  ttll»-ration  at  l-4(fc»-14riO  C.  ('JMS^:** 
v.),  but   at    IIKO  (',.  (3740  1'.)  it  pivM  off  walrr,  and    is   c<i:i-    - 
Btrylate  (('jll5(>j),Ca— 211jU  =  ((',U5i>;,),Ca.    Tli«  tine  *i//.  (( 
4II2U,  crydtallixeafrom  a  miKlrrately  strong oolution  in  large  aliii:.^  , 
soluble  in  on  equal  weight  of  water  at  l&O  C.  (SUO  F.)-* 

Oxy butyric  Acids,  (r,H,0,  =  C,H,<^"  jj.—Firo  of  these aoiat 
»ro  tlioorutioally  iKWsilile,  aad  four  are  known. 

1,  a-Orghntyric  aciJ,  Cnj—rHj—CHOn—fO,!!,  la  formed  by  IiMt- 

ing  «-bromoliiit3'rio  add  with  moist  silver  oxiiln,  or  with  aquc<rius  p.''    1 
It   is   erybtnlliuf,   very  dclliiUi-sii'Ut,   and  melts  at  4:iO- 1 10  f.  (In 
111.23  F.).     Its  saltst  are  rrystallinc,  the  xinc-salt,  ^(.",U,(J,)^n,  fyiuuuj 
white  laminie,  Blightly  soluble  in  cold  water. 

2.  e-Oxyhutyrie  acid,  CH,— {'IIOII— CM,— ro,H.  is  pnvluii>d  l.v  !■ 
ing  ^lirwmobutyric  acid  with  tiher  oxide  :  liy  thu  action  of  sodium  an. 
gam  ou  ethy  lie  aoeto-aoetate : 


I 
i 

I 


I- 


CO 


*^II... 


,.CO,.C,Uj 


H,        = 


cnoH 


COjCjHj ' 


l.y  the  oxidation  of  aldol,  CHj— rilOIl— CIU.— CHO  (p.  07.">) ;  and  app 
rcntly  also  liy  heatinj;  propeno-ihlorliydrin,  Cir,.('Ul)n.Cll,('l,  with  yt 
tassiuni  cyanide,  whereby  it  is  converted  into  tho  corriiSfjonding  eyiuUy 
ilrin,  anil  sajionifying  the  latter  with  pota«h.  Tho  frw  aeid  is  an  unir/ 
tnllizablo  syrup  ;  the  raleium  salt,  ((',il,0,)jCa,  rrystallites  with  ilifflcoll^l 
The  aeid  obtained  from  propene-elildfliydrin  is  resolve*!  by  distillation  into 
water  and  solid  orotonic  acid,  Cllj — Cll— CU — CO,H. 

•  Aoconline  to  WUllrentii  (T^lcbig^a  AnnaJfn,  clxv.  6^,  tiytlrarryllo  ac!(l  prfpaml 
from  ^-ioUoproploDlc  hl'10  is  nut  Ideuticiil  witbetheue-Mctlo  acta  prcp«rrd by  roo* 
binioK  ethene  with  cArbooyl  chlorlUe  (phosgene),  aad  decomposing  Uie  retultiof 
oompouod  with  water: 


and 


rn..ct 


rn, 

\[        +    COCI.    - 


CHjCl 
CM,  COCI 


L'H,.COCl 


+     eH,0     -      2H0I     + 


CH,.OH 
Cll,.COOU 


The  cthcnr-lacttc  acid  thus  nhtnlacd  Is  converted  by  oxid-ttiun  with  chromic  s^ 
or  nitric  acid  Into  mnlonic  arid,  (^OtJIl — 1*11, — CttOK,  whereas  hyilracrytle  scU 
ns  nhove  stated,  is  rcsoU'cd  thereby  into  oxalic  loid  snd  CArbon  tlluxlde.  Mod. 
over,  tho  salts  uf  hydrncrylio  acid  are  crystalline,  wherens  those  ol  ethcne.UrtU 
acid  ure  amorphous.  To  account  for  theS4*  dltlerences,  Wislieeaus  ns»it;ns  to  af  , 
dracryllc  acid  the  formula,  CU.OH— C'Oll— CilOH,  and  corrrsirandlag  formula  fa 

I— (>— 

^-lodnpropionlc  acid  and  aorylle  acid.    These  formuln,  however,  are "-''st  , 

Improbable,  as  thev  do  not  contain  the  i^roup  tXJOH  ;  moreover,  tb'"  ;  <>f  | 

ethene-Inctic  acid  from  ethene  In  the  mr^nner  deserilied  by  Wlslircnii- 

pcar  to  be  well  established.    (See  Watls*s  Dictionary  of  tJheaiiBtry,  :^i  :3u|>im  ,  •!« 
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3.  y-Orgbvlj/ric  acid,   or  Sormiil  Ox  i/hulyric  acid,  CU,OH — 
CU^— CU^ — CU^,  is  prepai-ed  froui  succinic  acid,  CUO — CH, — CHj— CHO. 

4,  Oiyiioh»tgri<:  acid,  JJ»^r>COH — CO,H,  is  pmluocd  : 

Ihu  action  of  liydrocyanio  aud  hydrochloric  acids  on  acctono  ;  hence 
s  o  e  t  o  n  i  c   acid: 


1' 


H,C-> 


COH— CN       +       2H,0 


HCN 


U,C- 


Jj'^>COII— CN  . 


U,C 


NH,    +     y'lp^cou— coon. 


t.  From  ethyl  oxalate  by  the  action  of  methyl  iodide  and  zinc  (p.  714)  : 
bimce  calletl  d  i  me  t  hy  lox  alio  acirl.  ;..  Krniii  bruiuirioliutyric  acid, 
(t'H,),CUr — CO,ll,  by  boiling  with  haryta-wat«r.  i.  By  uiddatiou  of  iao- 
p<rntene  gl.vo)!  (p.  CUB). 

OxyiBobiityric  add  crystallize  in  slendor  prisms,  soluble  in  water  and  in 
filipr.  It  hiililim.3  at  5lio  C.  (1220  !■".),  melts  at  7KO  C.  (174.l'o  !•'.),  and 
dintils  at  2120  C.  (413.tiO  K.).  Its  ethylic  ether,  treated  with  pdospliorua 
trichloride,  is  converted  into  othylio  mcthylacrylate  : 


B         {}j^COH^CO,C,Hj 


Ufi 


TSy  oxidation  with  chromic  acid  mixtnre,  oxyisobii lyric  acid   is  riflolved 
I  into  carUm  dioxiilo  and  aootono.     Its  tmrium  mil,  ((',lI,<),),Hn,  forms  shin- 
ing needles,  easily  soliihle  in  water.     Tliu  ziur.  mil,   ((',ll,0,),Zn  +  211/), 
1  eryslalliies  in  shining  six-sided  prisms  or  tables,  sparingly  soluble  in  cold 
water. 

Ozyraleric  Acids,  C,II,jO,  =  C,H,<Q^.(j  U  . — 1.    a- Oxyisoi-alerie 

or    Iio/irapyl-hydrosalie  acid,   ii'/O'ClI — nC^„,.  „. — Tliisacid, 

piv|iarr«l   from  the  corresjKinding  bromovalerio   acid,  forms  Ijirge  tabular 
(TTstals,  easily  soluble  in  water,  melting  at  Htio  C.  (17tiO  F.),  and  voliitil- 

I  iiisig  at  about  ll>liO.     When  oxidiziMl  with  oliromio  acid  mixture,  it  yields 

I  carbrtu  dioxide  and  isobutyrie  acid. 

Thp  elhylic  ether  of  this  acid  is  formed,  topetlier  with  that  of  oxyiso- 

\  aaprylic  acid  (in/"ro),  by  the  action  of  isoj)r(iiiyl  iodiile  and  zinc  on  elhylio 
oxalatti,  and  may  be  obtained)  by  evaporating;  the  potash-solnlion  ds«hI  in 
the  prep.iratjiin  of  oxyisocaprylic  aciil,  aiidulnting  with  siiljilinriu  acid, 

^JUPt^riag  with  ether  and  evajiorating  the  etbere:il  Kolution.     The  oxyiso- 

I^HM^hoid  then  remains  as  a  thick  liquid  which  soUdilles  in  the  exsic- 


-•on 


i.  itttkfl-ttkyloxalie  acid,  .jY- ^  C <^,(^  „,  obtained  by  the ao- 

■l  mixture  of  methylio  and  ethylic  iodide  and  zinc  on  ethyl  oxalnte, 

iJte  crystals,  easily  soluble  in  water,  and  melting  at  C30  C.  (I4S.40 

'  F.).     lis  ethy'lio  ether  is  soluble  in  water,  Ixiils  at  JlJ.'iO  f.  (32I>0  K.),  anil 

i*  eonrerUvl  by  phosphorus  tricliloridc  into  tho  ethyliu  ether  of  methy  1- 

arotonic   acid. 

Oxyoaproic  Acids,  ff,H„Oj  =  CjTl|„<^..|j  ..  . — 1.  Leucie  aeid ,  pro- 
bably M-Oxi/iai>roie  arid,  C,1I, — CIIOII — CO,II,  i.'i  produced  by  the  at^tiun  of 
nllmus  acifl  on  leucine  or  amidocaproir  acid  («ec  Amides).  It  forms  ni'cdles 
or  moBocIioio  prisms,  soluble  ru  water,  alouhol,  and  ether,  mcttiug  tit  tvluvit. 


I 


^ 
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730  C.  (163.40F.).  «n<l  voUtiliiting  »t  lOOO.  When  he»t.>i>  fur  wrtn,.tiiii 
at  that  temperature,  it  givi*  off  watvr,  and  Ivavev  a  s.vrupy  oxidp  or  xn, 
hydriiia.  It  fomiii  I'rystsllizable  aalta  uialogoiu  to  the  laotatoi;  tbu  1' 
Halt  cryHtullizuH  in  ^Uiuiiig  sualus. 

Dietkgloxalie  aeiJ,  (C,H4),C<Q,jj  jj  ,  formed  bjr  the  action « 

ethyl  indidu  and  zino  an  uthylic  oxalate-,  is  crystalline,  easily  suliiU*  i 
water  ami  ether,  melts  at  74.50  C.  (lOti.lO  P.),  and  miKliuies  at  alxiut  :<f*^C 
(122°  v.).  ItH  mothylio  ether  boils  at  105^  C.  (32tKi  F.),  and  is  eonverto 
by  the  netion  of  {ihuapliorii.t  triehluridu  into  luetliylic  etbylcroio 
nate  (p.  718).  The  free  acid,  uxidiitsd  by  chromiv  acid  mixture,  yiekT 
diethyl-kutono,  CO(C,H,). 

Oxylaobeptoio    nr    Amylhy  dr  oxal  Ic   Acid,  C,!l,/i,i 
^:",'j> C  <J!,']  Ij  ,  and   D lamyl-oatallo  Acid,  ('..HMt',  = 

^»{}">>  C  <^p,-,  „  ,  are  formed  by  the  action  of  xiiio  and  isopenlyl  ioili^ 

on  elhylic  oxalate.  The  former  is  a  thick  »yrup  ;  its  etliyhc  ether  W 
at  2036  C.  (397.40  p.).  The  latter  crystallizes  in  silky  needles,  is  ncirl 
innoluble  in  water,  and  nielU  at  1220  0.  (251,«0  F.).  Its  ethylic  etlrti 
boils  at  2ti20  V..  (303.UO  p.). 

Ozylaocapryllo  or  Di-isopropylozallo  Acid, 

C,H„0,  ^  (CjH,)/-''^^, ,  1,  ,  obtaiuLHl   by  the  action  of  isopropyl  iwl«l» 

and  line  on   ethvlic  oxalate,  forms   slender  nuedlos,  slij^hllv  soluble 
water,  melts  at  liiKi-lllo  t'.(23llo_231.lJO  P.),  and  sublimes  at  a  owAftti 
heat. 


b^     ku 


Carbonic  Acid,  <:'ll,0,=  CO<^J|  .— Tliis  acid  belongs  to 

lootio  scries,  so  far  aa  its  constitution  is  ixmcernod,  being  derived  from  I 

unknown  melhene  glycol,  CHj<^.,,  by  sulistitution  of  O  for  H, ;  but  II 

ditlers  from  all  the  other  acids  of  the  series  in  being  bibasic,  Ixith  IKk  liy- 
droxyl  groups  contained  in  it  being  immediately  ronueoted  with  an  at>i 
of  oxygen,  so   that   either  of   the    hydrogen-atoms  may   be  repinted 
belonging  to  the  group  C(>,H. 

Carbonic  acid  itself,  ur  hydrogen  carbonate,  is  not  knoim,  inasmndi  I 
wlieii  a  metallio  carbonate  is  decomposed  >>y  a  stronger  acid,  the  hyd 
carUinate,  CH,0,,  always  splits  up  into  wat^^r  and  carlnn  dioxide,  wh 
escapes  as  gas.  The  corresponding  sulphur  oomp<mnd,  t-'H^,  is,  how 
ever,  obtained  as  an  oily  liijuid  when  a  metallic  thio-carbouat«  Is  den* 
posed  by  au  arid  (p.  201). 

With  the  alkali-metals   carbonic  acid  forms  acid  and  normal  or  neutnt  | 
salts,  auOording  as  one  or  liotli  of  the  hydrogeu-atoms  are  replaced  ;  cjl-i 

Acid  sodium  carbonate,      CHNaO,,  or  C0<^" 

Normal  Ho<lium  carbonate,  CNa,0„  or  CO(ONa),. 

\yith  dyad-metals,  carbonic  acid  forms  only  normal  »alts,  (•M"0„  and 
basic  salts;  the  so-called  auid  carl>onates  of  barium,  calcium,  nlc,  an 
known  only  in  solution,  and  are,  in  fact,  merely  solutions  of  neutral  c«l- 
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Imnate!!  In  •<]ni<nn<  eftrbonic  acid,  vliiuh  give  olT  carbon  dioxide  on  boil- 
ing. Tl  ■  ■  nates  of  d.vad  mt-tals  may  Iw  viewed  ati  conijiouiulg 
of  dmMi.  '  li  nu'lallic  oxidi-s  or  liydrnti-j  ;  lor  exniiiplo,  idiikwl 
Itt'i  -iiig  quidcliuiB  to  mriist  air,  lios  till' u>>iiipu9ltiun  of 
a  ■  i'M'aCOj.Aq.  ;  and  uftlive  green  uf/pjier  carlKinatw, 
or  1  I  t.'uO.CuCO, -J- H,0.  Tliwu.' basic  cartxjnnlt-a  may, 
however,  be  viewed  in  nnntlier  way,  namely,  as  derived  from  a  tetrntomic 
i^arlioniv  acid,  or  urt  liu-carbon  ic  acid,  CH^O,,  or  C'(OH)„  analogous 
tn  melliane  and  carUm  tetracliloride;  thiu,  dic&lcic  carbonate  =:  CC'a,U, -(- 
11,(1 ;   malmliile  =  C'Cu,",  +  11,0  . 

With  metalu  of  hl(;lier  atoiuieity,  carbonic  acid  does  not  form  definite 
•alia. 

Caubo.iio  Etiirr^. — The  only  carlxinic  ethera  known  are  those  in  which 
the  two  kydrogeu-atiiins  of  carlioniL'  acid  .ve  replaced  either  by  two  i-qui- 
rali'uts  of  a  monad  aloiiiinl-railicle,  or  by  one  equivaleut  of  a  monad  alcu- 
hol-rsdivle  and  one  eqaivalout  of  metal. 

KUtt)t  carbonalc,  (C,Uj},CO,,  is  formed  by  the  action  of  ethyl  iodide  ou 
Silver  coi-bonatu  : — 

Ag,CO,    +    2CJa^l    =»■    2AgI    +     (C.HJ.CO,  ; 

also  hy  the  action  of  potassium  or  aodiuni  on  ethyl  oxalate,  (CjIIj),C,0, ; 
ttiiti  reai'tiou  i»  not  quite  umierstood,  but  it  amounts  to  the  removal  of 
carbiiti  inunoxide,  or  carbonyl,  (.'0,  from  the  oxalic  ether.  Fragmenti)  of 
putassiiiin  or  sodium  are  dropped  into  oxalic  ether  as  long  as  gas  is  dis- 
•rnga^ed  :  the  hrown  pasty  product  is  then  mixed  with  water  and  distilled. 
The  rjixlxiiiio  ether  is  fouuil  lloating  upon  the  surface  of  the  wati'r  of  the 
receiver  an  a  colorless,  limpid  liquid  of  aromatic  odor  and  huriiing  tasto. 
It  boils  at  l^.JCi  C'.  (U&7>3  ¥.),  and  is  ducomponcd  by  an  alcoholic  Holutiou 
pf  potash  iiit'i  potjissium  carbonate  and  alcohol.  By  oliloriiie  in  dilTused 
tiayllght  it  is  c'»iivitI<-i)  into  dichlorethyl  earlionate,  (C,ll,Clj),C'0„  ami  in 
sunshine  inlti  peiit.uhlnrethyl  ijirlxniiite,  (C,('l5),C0j  . 

JUAjtl-iialiuuium  ciirlHiiialr,  (t'jIlsJKCUj,  is   produced  by  passing  carlionio 
~  l^as  into  a  cooled  solution  of  potassium  hydroxide  in  absolute  alcohol : 

CjH.O    +    KIIO    -f    CO,    =    11,0    +     (C,Hj)KCO, . 

Il  l«  a  white  nneriwus  salt,  decomposed  by  vrtifir  into  potas.iinm  carlxinate 
■nd  aloohol. 

Etkgt-mrthiit  carftono/c,  (C,Hj)(CHj)CO„  is  obtained  by  distilling  a  mix- 
tor*  of  ethyl-potassium  sulphate  and  methyl-potassium  carbonate  : — 

f<^HOK.so.   -f    (rn,)K.ro,  =   K,so,  -f-    (r,n5)(cu,).co,. 

1/  l.iil-ttnrium  airhoiinlf,  (CHj),Bs(CO,),,  is  obtaint><l  an  a  white  preoifd- 
late  L^y  passing  carlionio  acid  gas  into  a  eoliitlon  of  baryta  in  methyl 
alnohol. 

<■-'■—••=  of  bnlyl,  amyl,  and  ntlyl,  analognns  in  comjiosition  to  ethyl 
eni  ..ive   also   Ih'en   obtained.      Pfimi/l-fnftlrfujrn    rarfmnate,  or  nritt 

^'  '■    fCrlli)!!'-'*',,  is  identical  with  aallcyjic  acid,  which  will  l» 

d.  .11. 

■i.i/d,  f(OC,U,)j,  is   produced  by  heating  a  mixture   of 
.  riu  tlriGlilori>-nitronietliane)  with  abxoliit"  alwliol  and  umliiini  : 

Na.NO,    -f     C(OC,II,), 
.Sotllum  Elhi  I  iirlho- 

Dltrlte.  onrlionde. 

U  U  a  ooloflMi  »n,  boiling  at  ISSOui.'iilO  C.  (316.40-318.^3  Y,).  M 


'V^l,  + 

4NnO(',IIi    =x    3Nn(n 

tliiluivijiicrln. 

Sodium                SiHtlum 

etli^Ute.              ohiurlde. 

DIATOMIC  AND  MONOBASIC  ACIDS. 

ToiorABBOSic  or  SnunocAHnoitio  Etitebs. — These  are  bodirs  liaTing  tit 
eomposition  of  oorbouio  etliirs  in  nliicli  the  oxygen  U  replaced,  wholly  ( 
partly,  by  sulphur.  The  foUovrin);  table  exhibits  their  names  and  I 
ulie,  thu  etiiyl  and  etbene  vompounthi  being  taken  as  exaiuple«: 


Etliyl-nionotliiocarbunic  acid 
Difthrlic  iiionotUitH^arlionate 
Ktliyl-ilitbiouarlmniv  or  Xiuitliic  acid  . 
Dictbylic  ditliiocarlK)nate    . 
Eth.vl-lritliioearbonio  acid   . 
Diftbylic  tritliiocarlxinatu    . 
Kthi'iie  ditliiucarlxinato 
Ktlieue  tritbiuvarbonate 


{(•,iij)n.fo^. 
(c,nj),.oY. 

(C,II,)11.C6S,. 

(r.H  V.COH.. 

((■        -: 

(f,H.)CS,. 


ft 


The  metallic  salts  of  the  acid   thioearbonic  ethers  are  pmion 
In  th(>  same  iiianiii'r  aa  those  of  the  carbonic  ethers  :    thun  carbon  dioxid 
uiiiti>s   with    potassium   sulphethylate    (nicrcaptide),    to   fono    p<il«s»in 
elhylmouothiocarlxmate,  JUHt  as  it  unites  with  {Mtasaiuni  elhylate  !<■  fun 
the  etliylcarbonate  ;  and,  in  like  manner,  carlxin  bisulphide artii  on  put 
sium  etiiylate  or  alcoholic  potash,  so  as  to  form  ["''assiuro  ethyMitlilof«r"l 
donate  ;  and  on  potaxsium  mercaptide,  or  an  alcoholic  solution  of  the  iuli| 
phydrate,  so  as  to  form  the  cthyltrithiocarbonate,  thus  : 

CO,  +  (C,Uj)KO  =  (fjHJKCO,     Etliylcarbonate. 
CO,  -j-   ((:,llj)K8  =  {rjU,)KCO^  Ethvlmonnthiocarlionate. 
CS,  4-   (C.Hj^KO  =  {C,Hj)KCOS,  Ethyldithiocarbonate. 
Ca,  4-  (t-'iU4)KS   =  CC,H5)KCS,     Bthyltrithiocarbonate. 

Tlie  neutral  thioearbonic  ethers  (containing  roonntotnicslooliol' 
radicles)  are  produced  by  the  action  of  the  chlorides,  bromides,  etc.,'* 
aloohol-radicles  on  the  metallic  salts  of  the  correspainding  add  ethrnil 

(C,H.)KCS,    +     C,HiCl    =    KCl    +     (C,n,),CS,. 

The  thioearbonic  ethers  of  diatomic  alcohol-radicles  are  formed  bj  th) 
action  of  diatomic  alcoholic  bromides,  iodides,  etc.,  on  sodiain 
ate  ;  e.g.  : 

C,n^Br,    +    Na,CS,    =    2NaBr    +     (C,H,)C8,. 

The   neutral  lliiocarlmnic  ethers  are  nily  liquids  ;  so  likeirUe  Ui 
acid  ethers,  such  .it  least  as  arc  known  in   the  fn'e  state,  or  aa  hydrogcB 
salts;  their  metallic  salts  are  mostly  crystalline.    The  Urst  known  of  UiM*^ 
com]iounds  are  the  et  liy  1-d  i  thiooarbouatea  or  xanthates. 

To  prepare    xanthic    acid,   alcohol  of  0.800  specific  gravity  la  siin 
rated  whilst  Imjling,  with  jHitash,  and  into  this  solution  carbou  bisulphiilt 
is  dropped  till  it  ceases  to  Ik<  <lissolved,  or   until    the  liquid  loses  its  alkii' ' 
linity.     On  cooliug  the  whnle  to  — IPO  C.   (0.4OF.),  the  potassiom-Mlt 
separates  in  the  form  of  brilliant,  slender,  colorless  prisms,  which  iiiu*t 
\n-  quickly  pressi-d  tM)twi>en  folds  of  bibulous  papt>r,  and  dried  in  a  racuuni. 
It  is  fnt'ly  soluble  in  water  and   alcohol,  but   insoluble   in   ether,  ami  i«  1 
gradually  destroyed    by  ex|«)snr('  to  air,  by  oxidation  of  part  of  the  sul< 
phur.     Xanthic  nci<l  may  lie  prepared  by  ilec^>miiosing  this  salt  with  diluttl 
sulphuric  or  hyilrochloric  acid.     It  is  a  colorless,  oily  liquid,  heavier  th>l| 
water,  of  [Kiwerfiil  ami   peculiar  o<lor,  and  very  cximbustible  ;    it  rwhlea 
lituitiB  paper,  and  ullinintely  bleaches  it.     Exposed  to  gentle  heat  (slwilt  j 
24O),  it  is  decomposed   into  alwliol   and   cjirbon   bisuljiliide.     Rxpowsl  til 
the  air,  or  kept  b<iientli  the  surface  of  water  o|ien   to  the  air,  it  liecouie*  | 
covered  with  a  whitish  crust,  and  is  gradually  destroyeil.     The  xanlhatd 
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«f  thA  alkali' mtftAls  and  of  Itorium  arc  cnlorless  and  orTstallizable  ;  tint 
o&li'ium  salt  liries  U|i  Ui  a  guuiiiy  mass  ;  the  xauthatiMi  »r  aiiiu,  lead,  and 
taervury  uro  »liil«',  and  luil  slightlv  soluble  ;  lliiit  of  owppor  is  a  lloo<;uleut, 
uisolut)li-  sulsluncc,  o(  licuiUiliil  yi'llow-  t-olor. 

Ethylir  (lilhiixuitlxmalr  at  MiiiilJiic  rljirr,  ((.',Uj),.CUS„  obtaiued  by  tbe 
•ctinii  u(  t'thyl  i-hb>rid«  uu  (xitastiiuui  xajitbuti-,  in  a  pul«->'eU<iw  oil,  Uiil- 
iag  at  2(NjO  C,  (.'iiljo  y,)_  iiiEiDJublu  in  wator,  aolublu  in  all  proportions  of 
'aJitiibul  or  ctliur.     Auiiuouia-goii  pattsMl  into  ltd  alcokolio  sulutiou  lurum 

Bicrcsplau  and  a  (.■rygtallioe  sabstaiiue,  CO<^x-i|    '.called  zau  thaini  de: 


co<^^:;it  + 


NH, 


Amy\  dil)iiiK'arl)i>nat<<,  C<^i(SC,H„)„  tre^tod  iu  like  nianner,  yields  amyl- 
ZAOlbaiuide,  C0<;^^,|""  . 

CI 
Cblorocar  bonlo   Ethers,  C0,C'1R  or  CO<^(^jj  ,  [K  denoting  a 

looOAlouiic  nlixibnl-railiiib;.] — Tlii>so  compounds,  dt-rived  from  carl)onic 
IrthcrB,  Ct)(OK),,  by  siilistitution  of  CI  for  one  of  the  groups  UU,  arc  formed 
hf  the  action  uf  oa'rbonyl  ehlorido  (pboHgene)  on  tbe  ak'obols  ;  e.  </.  ; 


C0<[^}     +     HOCH, 


=     HCl    4-     CO<| 


CI 
OCH, 


'Ay  rhUromrlmnrUf,  CO,CI(CHj),  is  a  (^lories*  mobile  oil,  heavier  and 

rolatlle  than  water,  ha\'ing  a  puugout  cnlor,  and   burning  with  a 

flame,     Oaseoua  ammonia  oonverta   it   into  methyl   carbamate 

e): 

NH, 
m;I1,  • 


CO 


<^[ 


CH, 


4-   NH,   =    nci   +    (-•u<fM 


Bthyl  chlorooarlionate,  C0,CI(0C,H4),  is  also  a  colorlesa,  very  mobils 
.iiL.i    iliu  vaimrof  which  is  very  irritating  to  the  eveH.     Specilic  gravity 
i  P  C.  (55.40  K.).     Boiling  point,  940  c.  (201.20  F.)-     H  ia  very 
1 1'le,  burns  with  a  green  llame,  i»  detjomposed  by  hot  water,  and 
utaklf  donverted  by  ammonia  into  ethyl  carbamate. 


DIATOMIC  IlVD  dibasic  ACIDS. 

TkcM  acid*  tvntain  the  group,  CO,n.  twice,  and  mnst  therefore  contain 

^••'••n.     They  may  all  Im*  included  in  the  general  foniiulii, 

I' 'ting  a  diatoiuie   liydr(i<!,ii-lKin-ra<liele,^ir  they  may 

jMiumU  of  oxygonat<id  radii'les  with  two  equivalents  of 

i/droxyl,  B.y.,  succinic  acid  =  (C,H,OJ "(Oil),. 


r«gmr'i 


1— Oxallo  or  Sncnlnio  Series,  C„H 
Tlie  kuoMii  AeiiU  of  thirt  iSeries  are  : 
Oxnlir  ooid 


-,0,,  or  C 


„   ^.X'O.OH 


Aitlpic  acid 


C,H,0. 
C.H.O. 
C.ll,<). 

c,n„o, 


rimelio  aind 
SulH?ric  acid 
Anclioic  acid 
Scbie  acid  . 
Hoooelliv  acid 


OH 

(•.ii,.n, 

l',„H,.0. 

c„v\. 
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Tliey   are   prodnrpil : — 1.    B.v  oiidalion  i>f  \\u>  ix)rr«r»p(xiuili>g  gljo 
R"(C11,0H ) J,  till- change i'on>i(."tingiu  lliosubstitulioii  I'f  n.  f,.r  H,(| 
111  lliis  mniuicT  oxalic  acid,  i:,ll,(J|,  i«  funiiod  from  elhn 
and  maloiiiu  acid,  CjH.O,,  frmn  o-priipfuu  nlmliol,  V,'.' 
known   glycols  of  higher  order  split  tip  uihIit  th»f  iiill' 
Ugi-nts,  and  dn  not yii'ld  bi basic  acidt)  cunLaining   tbes.i'  r<fl 

bon-aloiu!;  as  thvuiselvi^g. 

2.  By  (ijciiliition  of  the  oxyfatty  acids,  C.K^n,,  in  which  thw  lijnUi>i;V_ 
group  ia  diruolly  ullaidiod  to  thu  group  CU,  ;  i .  i/. ; 

(.IL.OH  c;o.OH 

I  -f      u,      -     I  +      nji 

I  (j.OH  l( I.Ull 

Olycollie  uld.  Oxalic  uld. 

3.  By  boiling  the  cyauo^Hrivatlvea  of  the  (att/  aaida  with  alkalla  i 
acids : 

+        211,0        =        NIT.        +        f".<o.JI 


CO,H 
Oyanncctis 
acid. 


Maloala 
a«l<L 


4.  By  lioiling  the  cyanides  of  «iiatomu]  aluohol-radioUa  arilli 
potash  ;  r.  y. : 

+     2K0H    -f-     2R,0    =    3NH,    +     (C^^(CXVC)t 


(C,H.)(fN), 

PlOJICUC 


oyauiUe. 


pytoUrtlMk 


This  rpactioD  is  analogous  to  that  by  which  thn  fatty  oeiiU  Ant 
from  till!  cyanides  of  thi!  monatonr'      '     '    '■-■•■  '       '    "  <"*V). 

5.  By  Ihi-  additi<in  of  liydrogi-n  i  :<r 

portion  of  thai  clcrueut ;  in  this  m-.i-        .- ,.:,    ,,  -- 

from  fuinaric  acid,  CjH,0,. 

ti.  Jiy  the  action  of  heat  on  ooida  of  more  cnnipliciit»d  •trvotoM) 


2C,II,0, 

Ti\rUrlo 

acid. 


=    300,    -w    !ia,0    -f- 


C.tl.O, 
I'yfolnr. 
t«rlo  Acld. 


7.  Mniiy  of  tlu'Sc  ncids  are  prodti    • '  '  -  '•■  •  -  •• '  • -' 

on  a  variety  ofurgaiiio  Ixidics  :  tlm  n^i 

andidiit  ncidn  arc  priKluivd  liy  trrn     „ 
with  nitric  acid. 

The  ai'iils  of  this  scries  ar«  solid,  itryNtnllisaMo,  nnn-Tol/xfiln  ^nlU■,  ( 
the  iiiohl  purl  ensily  noliilde  in  wnter,  and  hurin^  »ii»« 

Beinn  bilinsir,  tlipy  form  ncid  ami  neutral  :^alt«,  and  :.  tJi»n., 

th  us  : 


Siieelnl«  arid. 


Elhyl-Riictrlnta 
liclil. 


T)l*th|rUc 
•«i*«iimM 


In. like  manner,  each  acid  can  form  an  acid  amide  . 
iieiilrul  nmidr  or   dinmide  by  siilMtltnllon  of  am 
both  of  the  hydroxy]  c'^"!*'  alco  a  ni'iitral  i  m  i  d 
blvalent-radiilf  iniidogon.  Nil,  for  both  Ihimo  gruo ) 

^^*<Sr     ^'»<n\fH:    <-.".<:v>«n 

Hiirc-iuamlo  duvvlaitnitito.  BiMclsaaiMib 


OXALIC    ACID. 

T)ii««  bibiuio  adds,  when  hcatvd,  give  off  llirir  trntor,  and  riflil  nnliy- 
drides  nUk-b,  wUeu  Ixiilud  with  water,  »ru  recouvvrted  iiitu  Uie  acids  : 


C  II  ^O"" 
WU«<vCO,t)H 


^'."*<^S>0 


H,0. 


Tli«  anhrdriiles  ari<  aliio  produnni  by  trvatiiij;  the  noidg  with  phusphi)* 
ru*  inrntacliloridt:: 

^^•<Co'.o!l      +      ''^■''    =     ^'^'''^    +     2UC1     +     C,H.<^g>0. 

Wftli  (fxcounf  ]dio?phoruBppTitacliloride,  acid  chlorides  or  clilor- 
aob/dridi'S  ore  pruduu<id  ;  tliua  : 

'^H«<C0:0I1    +     ■■^''^■''    =    '^'^^*'^    +     2HCI    +    C,H,<^;];^,. 

COOH 
Oxallo  Add,  C,H,0«=  I  =  (C,OJ"(OH),.— This   imnorUnt 

L<X)II 
add  exists  ready  fonu>.*d  in  many  plants  as  a  potassium  or  calcium  salt, 
slid  is  pnxlucvd  by  the  oxidatiou  of  a  great  variety  of  nrganio  compcmnds. 
In  sonin  caiii-s  the  n-action  oonsists  in  a  ilelinite  substitution  of  ox.v^  i  n  for 
hydrogen  ;  thus  oxalic  acid  is  fornitHl  froui  etiieiiu  alcohol,  C,II,0„  by  sub- 
rliluUi'D  of  Of  for  Hj,  and  from  ethyl  alcohol,  C,H,0,  by  the  same  sut«t!- 
tution  and  further  addition  of  one  ntuiu  of  oxygen.  But  in  must  cases  tliu 
ruai^iou  is  mure  I'omplex,  consinting  in  a  complete  breaking  up  of  the 
ttiuU<culr.  In  tliis  manner  oxalic  acid  is  proilucwl  iu  great  nbundanuc  from 
mori"  liighly  carl>mi;te<l  organic  sulistftnces,  such  as  sugar,  starch,  cellu- 
!((»«•,  etc.,  I)y  the  action  of  nitric  acid,  or  by  fusion  with  caustic  nlkalii's. 
UxjUic  acid  is  also  produced  :  a.  .^s  a  sodium  or  potassium  salt  by  direct 
biualiun  of  the  alkali-metal  with  cArbuu  dioxide : 


2C0,    4-    Na, 


CjOjNa, . 


Th»  sodium  salt  is  obtained  by  passing  carbon  dioxide  over  a  heated  mix- 
tiiniof  auilium  and  sand  ;  the  potassium -salt  by  heating  potassium-amalgam 
in  llir  gas.* 

0,  As  au  ammonium  salt,  together  with  other  prodaola,  in  the  decompo- 
dtkin  of  vyaitoguu  by  water : 

C,N,    +     4n,0     =     C,(NH,)A- 

y.    A«  a  potassiom  salt  by  heating  potasslnm  formate  with  excess  of 

P"***''  '■  .      „ 

2CnK0,    =s    C,Kp,    -\-     H,. 

t^rfMtnilion. — 1.  By  the  oxidation  of  snjrar  with  nitric  acid  : 
C„H„0„     +     0„     =     6C,H,0,     +     5U,0. 

One  part  of  suRar  is  Kenlly  heated  in  a  relort  with  5  parts  of  nitric  aold 
of  •!•.  ^f.  1.42,  diluted  with'twic."  its  weight  of  water;  copious  red  fumes 
■f.  iigA;r(Hl,  and  the  oxidation  of  the  sugar  proceeds  with  violencj 

Hu.:  When  the  action  slackens,  hejil  may  lie  0(?ain   applie<l  in 

Wie  »iTm.l,  and  the  liquid  i-oneentrated  by  distilling  off  the  snperlluous 
Uilrie  .icid,  until  It  deixisits  rrysl;ilif  on  cooling.  These  are  drained,  nilis- 
•oWM  in  a  Mmnll  ijuantity  oi  h^d  water,  aud  llie  solution  is  set  aside  to 
eool. 

•  Kolbe  soil  Dreohtel,  Ohein.  So«.  .loumal  IS).  t1.  m. 
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2.  UyliHating  sairdual  with  cAiistk- «l)<ali.     ^' 
ol«crvril  that  wood  and  M(<v«<r<U  iilhi>r  iirj;aiii> 
into  oxalic  acid   by  Tuiiioii  vritli  oAU&tic   potiisli.      I. ^uu 
MfWiirK.  R()U-rt8,  Dal<!  &  Co.  bare  foundnl  ii  nipthod  fur  1 1 
oxalic  ncid,  which  fiinilshiMi  (hlK  ju'id  nl  a  itiiirh    i ! 
ulh<-r  procuss.     A  luixnd  Kulutioiiuf  the  hv<lrttt<'rt  of  • 
lu  thi?  jinnHirtioii  of  two  tiioIccul«)  i>f  th'.-  fonncr   li>     ... 
urnporuti!d  to  aljout  1.35  sp.  gr.,  and  tbvu  niixt'd  with    > 
form   a  thick  piustc,  wltidi   i«  jilautd  in  thin  lsjr«<nt  on  i- 
mixture  ih  now  );radiially  hcatu),  c^ari*  Ikmiik  taken  to  kf<-(> 
stirred.     The  action  of  heat  oxim-Ih  b  <|iiantity  of  w«t»r.  ami 
tnuh'sces  atrongly,  with  disenu  f  mueh  inil 

inK  of  hydrogen  and  carhu fell  ii.     Tin' ii 

some  lioura  at  a  temperalur -■-•-  •,.  (-IdOJ  )•'.;,  ,,i,,.    i. 

avoid  el.arring,  whieh  would  cause   a   loss  of  oxnlit    a.-itl. 
thus  <ilitaiiie<l    is   a  gray  (Hiwdor  ;   it   in  mvw  treatnl  wllli  »  i' 
15. .10   C  (HI'-  h'.),  which    leavvs  the  stulium  oxalate    u 
Bupvrnatanl  liquid  is  drawn  off,  evnporat<?d  to  drrni'as,  .i. 
nm-v»  to  rovciver  the  alkalies,  which  are  cuusliUed   and    Ur- 
operation.     The  siHlium  oxalate  is  wiuhcd  and  dc4-oiii|MM(inl  h\ 
HlakiHl  lime,  and  the  resulting  c^ilriiun  oxalate  in  ct, . 
sulphuric  acid.     The  liijuid  dccant-'d  from  the  cal<  ' 
rated  to  crvHluUization  in  leoduu  vessels,  and  the  <i  . 
re-tiryslallJEalion. 

Dxnlic  acid  sc^psrates  from  s  hot  solution  in  mloi! 
tals  derireil  from  an  oblii]ue  rhombic  prioni,  and  con 
The  two  luuU-culeii  of  cryatnllitaliou-water   luav    I- 
gentle  heat,  the  crystals  crumbling  down  to  a  60lt  while  j 
of  niihydroua  oxalic  acid,  (',ll,'>«,  which  tuay  lie  subliiiiiil 
without  ileconi|>oKition.     Thi'cry«t.n' 
posed    by  a    high   temperature   iiil' 
oorbou  dioxide,  without  leaving  any  .^u,,.;  ,.„,.i„.  . 


2C,U,0. 


CU,0,    +     CO    +     2CO,    + 


The  crystals  of  oxalic  acid  diggnlvtt  In  8  narta  of  wittor  at  IK. SO,  anti 
their  own  weight,  or  lea«,  of  hot  water:  tliey  ar«>    < 
Tho  lupiiHUin  solution  hox  an  iiileusely  sour  taato  :n 
reaction,  ami  is  highly  (xiisouous.     The  proper  am 
iiesia.     Oxalic   acid    i^  deonopiiMul  by  hot  oil  nf  vi' 
oarbnu  monoxide  and  cArtmn  dinxI'K':   It  Ix  slowly  ^  .  .    . 
acid   by  nitric  acid,  whnnM'  arises    a  ei>u>ii'lernble  Iimh    ■ 
inanufnctiire  from  sugar.     Thu  dioxidtot  of  lead  and  man 
name  change,  becoming  roduoed  lu  niunoxtdcs,  wtilcli  (onu  Mtto  wi^Fi 
unaltered  acid. 

Oxalates .— Oxali.-  acid,  like othor  liibanlc  add*,  forma  wjtii 
metals,  neutral  or  iinrninl  salts  cunt  r-  •■     ■    >•  <>  '        ■       ■• 

With  pol.HnKiiicn  and   nninnMiium   it 
(:,IIK(>,.(\,II,'<,.   or  f.ll.KO..     Will 
neutral  sails.  f,M"0,;   with  bariun. 
salts  aualogoun  to  (be    hvji.r.ncld   ..^ 
forma  uuiiierouH  Wf'l>  -.d  d.uil.l..  mIU.     It  i 

aci.U,  ib-iMmposIng  ,,   cblort.l*  when   he«: 

liydroehlorio  acid,  aim   .  ..m  i-rtrng   aiHllutu  ciitoride  ot  olU^lsi  lU  aaM 
toluliuu  Into  acid  vxalatn. 


OXALATES. 


H3 


TliK  tixii\ilr»  nf  lilt!  alkali-niKUls  are  8olnbU<  in  WAtt>r  ;  tbi<  rest  ari',  for 
tl.'  '    '  '''  in  wat'.T,  bat  golublu  in  rljltitv  nviils. 

ii|ir>si'it  bv  livnt.     Tbi'  oxaliiteii  of  tbi!  alkali-metaU 

ai'  . cArlli  njeluU,  if  nut  Uh>  mrungXy  bvuli.'<l,  i^ivv  i>fl 

c.<  liiil  li-av.'  (:;irl«in."it>j3,  whili'  tln'  oxalatfB  of  tb<iB«  nii'tiilb 

wl.  -   ari!  (li'f<miposi-<l    by  boat  (/uii.'  and  magnvsiuni,  for  i-x- 

aiiijit-;,  give  ull  (.'urbun  uxmuxiiiit  and  uarlwn  dioxide,  and  It-avH  nu'tallio 
ozidiii.  Tbc  iixaln(t:is  uf  tlie  more  easily  ruduviblu  luctuls  (Hilvt*r  and 
eoppvr,  etc.),  give  ulT  carbon  dinxido  and  Icavo  the  nivtal ;  tliM  b-ml  ^alt 
loarca  suboxidt*  of  l(.-a<l,  and  givf»  off  3  voluiuus  of  carbon  dioxidv  to  1 
Vulumu  of  uatbon  uii>noxiili' : — 

2f,Pb().     =     Pb,0    +     3C0,    +     CO. 

OsAlntrs  heatiid  with  mlphiiric  neid  pivo  off  carbon  monoxide  and  diox- 

\Ar    '    '  Mvc   a   rcsidnc  of  8ul|)lin(i-.      In    this    case,  as  well   as    in    lli« 

d>  M  by  brat  nlnni-,  no  Kr|iariition  of  carbon  taki-s  plar«',  and  cnn- 

!..  ii"  residue  do'W  not  blacken:  this  character  distingiiisbM  the 

o  trr>ui  llin  Halts  of  all  other  carUtn  aoidd. 

•  K'  acid  and  the  soluble  oxalate<<  give  with  eala'um  eUoride  •  pn'ripi- 
lat<'  of  cilciiim  oxalate,  insoluble  in  water  and  in  acetic  acid,  bnt  aolnble 
iu  hydroclilorio  and  nilrio  acid.  This  re.iction  afTonlB  a  very  delicate  l«t 
for  the  presence  of  oxalic  Rciil :  the  insolnbilily  of  the  precipitalixl  oxalate 
tu  acetic  acid  distiiiguisshes  it  at  once  from  the  phoHpbale. 

PnTARsirn  OxAt.ATP.B. — The  nnilfnl  vilt,  CjKjOj.SAn.,  prepared  by  nen- 
tralixiiig  c.x.ilic  acid  willi  pulassiuui  carlKiuate,  ciystullizes  in  transparent 
rbcanbio  prii<uiB,  which  l>econie  opaque  and  anhydrous  by  he.tt,  and  dis- 
(nlve  in  3  parts  of  water. — The  acid  oxalatr.  or  liinuxululr,  (\UliO,.'l.\ii., 
».t:  illiil  S<tll  of  Siirrrl,  from  its  occurn'nee  in  that  plant,  is  found 

Bi  ^iKM'ies  of  Himrx,  in  Osnliii  acetonrlla,  .ind  in  garden  rhubarb, 

jt  th  malic  acid.     It  is  I'nsilr  prepare<l  by  dividing  a  solution  of 

<>%  111   hot  water   into   two  equal    portions,  neutrnliiiing  one  willi 

jnii.-iuiH  .  .trlHiniite,  and  adding  the  "llii'r  :  the  salt  crystallizes,  on  cool- 
ing, in  colorlei-s  rlionihic  prisms.  The  crystals  have  a  ."our  taste,  ami 
reqaird  4li  p;irlHof  colil,  aUil  li  of  boiling  »vatcr  for  solution.  A  solution 
of  this  salt  is  often  used  for  removing  ink  from  paper.  The  hijpiT-iirid 
waU'l*  or  ijiuidniTiiluIr,  C,KllO,.C',H,0,.2.'\q.,  is  prepared  by  saturating  1 
part  of  oxalic  acid  with  jjolnssinm  carbfmate,  and  adding  3  parts  of  oxalici 
acid.     The  crystals   are  triolinic,  and  dissolve  in  2(1  p.trts  of  water  at  2l)° 

v.). 

rm  uTtdatr,  r,Na,0,,  is.  slightly  soluble  and  difficnlt  to  crygtalliie. 
i  If  •!■  ul  Kill,  C^NaO^,  forms  orystals  wkieb  rmlden  litmus. 

»«».,. Ill  u  rtvAnncB. — The  nnrtral  mil,  C,(NH,)jO,  -\-  2Aq.,  is  prepared 
1>^  hot   solution  of  oxalic  acid  with   .iinmonium  cnrlNinate. 

U       ,  1  long,  colorless,  rhombic  prisms,  which  eltlortwce  in  dry 

klr.  They  am  uut  very  soluble  in  cohl  water,  but  dissolve  fructy  with  thu 
■M  of  heat. 

The  dry  salt,  wben  heatwl  in  n  retort,  gives  off  WBt<>r,  and  yields  a  sub- 
lilualu  of  o  X  a  in  i  d  e  :* 


(f,0,)f()MI  ),         = 
AmiiitiUluni  UKtlMte. 


21l,0        -f 


(rO,)(NH,), 
Oxaiiilile. 


When  dlktillnil  with    phosphoric  oxide,  it  gives  np  fonr  molecules  of 


*  See  the  Ch*]iter  on  Amlilt'i, 
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2.  By  Imntiug  sawdust  u 
ilisorvtjil  lliat  wiKxl  aii'l  r. 
iito  oxalic  tic'iil    i'y  I" 

wsrs.  UoliiTli*,  I'ul' 
ix.'iliu  Hriil,  wliit'li  In 
itluT  priKuse.    Aluiv 

Ilii-  propcrtiiiii  tif  11      

vn|uirut<Hi  t<i  alwiit  1.36  ep.  gr.,  aiid 

rin   A  lliiitk    pnittf,  wlilcli    is  piD 

ixturt)  iis  mm-  ynnliiiillv  l.    i 
ktirre<i.     Tin-  iw'tioii  >"f  In.ii 

ing  "I 

oini-   i. 

kvoiil  i-l.m 
1)1114   (ili(:ii< 
Iti.JO  C.  {' 
liupi-rnatajr 
Bni'nM    to   ti.   ' 
bjii'riLtinn.      'I 


I,  +  A<i.,  . 
■  ■,  ^n  Ml-liaUi  ... 
I    vivlds  usamic  a(M,| 

■i>.t». 

.  i>  salt  oFcnn  in  tha  JbIm  i4i 


1.  I 


(if  waUT,  Hllirli    tiii, 
'  xfiosoil  to  »  rr<l  |ji-«t  111  .. 
ill',  witli  oHC.itH^  ol  •arliriii  , 

.  '.M  .   mainj'  '    ' 

■{  iiil'l**    ill    \% 

/•■■•l.V  iiululiLt  . 
^"Iriiij;  In    hut  v 

.       111!    blllOX/llA(l%  :n         .     : 

>  jiutiriil  Dttlto  knuwn,     ilircry;-- 
ilic   iiitoiiiiity  uf  tlinir  color,  wli 

,,  •i>liilil«.      A  ixirri-H|H>iiitin);  jkiI:.  ue<iuiip\ 

,-lttlliii'a  fruoly,  anil  litut  a  Cliw  >:' 

.. — Till'   iirvtrnl  oralatf,  nr   ' 
-Ifimily  ol)tain«Hi  bydislillii 
parts  of  oil  of  vitriol,  and  4  jwria  of  ntruo^ 
y  be  inisliiil    nearly  to  ilrynt'i»,  .'i".!    tbr  r>-»rrlf 
•. iiy  I'lliyl  oxidi"  thiit  may  I 
'v  which  the  oxalic  vtbi^r  > 

■  .lly  wiuihcd    111   III 

:hv    fivfl    porlilin    lu'i: 
...i,ii<;    proci-^s  I'Olihlfl'    '"  H 

vitr.'itixl   oxniic   acid   in  a:! 
>    llu<  volatilixtHl   Rjilrit  m  i_ 
ill,  thu  mixture  generally  cuulauis  itulf 
.1. 
**/^^jili.    itliit  in  a  colorlcs»,  oily  II. i 
r!%«piH'i(lPKruvity.     It  UiiU   at   !>- 
r**  ,     I.  r,  .'iml  in  readily  dw'«m|B>"i.ii   ".i  lau^m 

III  nli'oliol.     With  Bolutiou  of  Ammunia  In 
,«,.i  lilcuhol  ;   tlitiu  : 

^(OC,H,),    +     2Nn,    ->    2(n<)C,HJ 

I  propi-ss  for  pri-pariiiR  oxainldi!. 
i-roiis  amui'inia  Is  o<>iidactt-l  inUi  a 
i^  rniiidly  aliMorlMil,  and  n  » 
••  in  hot  nlixiliol,  and  m-pni 
rVRtnlll.      Th«iy  diwiMlJvO  ih  «..iiit,   uhu    till-    i-'iii    iii.». 

KiilmLanco  li  oxametbanc,  th"  Kthylk;  vtiwir  o( 


nl  mntalnfny  < 


11,),  +   yn,   c.    lineal,  4-   r/).(xiij<iv,no. 

.  •  Srr  liir  fhaptvr  on  AmidnL 
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iiii<><l  when  rnnmonla  in  small  quantity  U  added 
1  alcoUol. 

1  with  ezceos  of  drj  cblorine  in  sunsbin«,  a 

iui',  fusilile  body  is  produced,  insoluble  in  water, 

bjr  al(<ohol.     It  consists  of  percbloret  by  lia 

or  (C,Cl5),C,0„  or  oxalic  ether  in  which  the  whole  of 

I. iced  by  chlorine. 

..)nverte»l  by  iwtassiuin  or  sodium  into  ethyl  carbonate, 
irlmu  monoxide:  C,(C,Uj),<*,  =  C(L',Hj)jO,-J-CO  ;  but 
ijillcateil  by  llie  ruriiiatioii  of  several  other  products. 
igri   oxalate  ii*  agitated  with    ao<lium   anial(;am  in  a  vessel  ex- 
ited, a  product  is  obtaim-d  which   is  separated   by  ether  into  a 
I  an  insoluble  portion,  the  latter  consisting  of  feTmeutable  sugar, 
lltli  aodiuui  oxalate,  and  at  least  one  otiier  sodiuui-salt,  while  the 
kolulion  yielils,  by  spontanwjus  ovaporiition,  crystals  having  the 
sitiou  t']|H,.i),,  and  consisting  of  the  ethylic  etiier  of  u  tribaslc  ncid, 
iled    deoxalie  acnl,   iHV.iuse  it  is  pro<luced  by  deoxidatiou  of 
1:  6(',H,<.),  +  .'(H,  =  SC'sU,! •„ 4- 4"it> ;  and  rauemocar  buniu 
anse  it  contaiuH  tbe  elements  of  raceniic  acid,  C,H,<  I,,  and  earlmn 
ie,  CU„  aiid  is  resolved  into  those  two  com|Hiunds  when  its  aqueous 
on  I*  heated  iu  a  sealed  tulie  with  a  small  quantity  of  sulphuric  acid. 
fdecomiHisitlon  of  elbylio  oxalate  by  sodium  amalgam   has  not  been 
letcly  invi-stignted,   but   the   formation  of  deoxalic  acid   and  glucose 
''t>«  represented  by  tlie  equation  : 

8C,n,0,    +     14H,    =    SCjU^O,    +     C,H„0,    +     inH,0. 

Bthyl  oxalate,  treated  with  zinc-ethyl,  and  afterwarls  with  water,  yields 
he  •tliylio  ether  of  dietliuxalic  acid,  C,I{,(C,ll,),t.)|,  and  similar  products 
Kb  ainomethyl  and  ziuu-amyl  (p.  714). 

Aeid  tthgl  oxalate,  or  Ethylotalie  arid,  C,H(C,Hs)0„  or  C,0,<^^'"4  ,  is 

BeiJ  as  a  potassium-salt  by  adding   to  a  snlutinn  of   neutral   ethyl 

in  aiiftotiite  alcohol,  a  quantity  of  alcoholic  potash   less  than  snlfi- 

loonvert  tbe  wbide  into  potassium  oxalate  and  alcohol  ;  on  dissolv- 

It  in  bydrate<l  alcohol,  carefully  saturating  with  sulphuric  acid, 

lUing  with  carbonate  of  lead  or  barium,  the  ethyloxalate  of 

ium  is  obtained. — ^Tha  acid  itself  is  prepared  by  decomposing  j 

hene  Malta  with  sulphuric  .icid  ;    but  it  is  very  unstable,  and  ' 

by  concentration  iuto  alcohol  and  oxalic  acid.     The  jtotiutium\ 

C,0,<^j^|,*   »  ,  forms  crystalline  scales,  which  begin  to  decompose 


JImiTi,  OxAuiT«,  C,(CH,),0„  or  C,0,(OCHj)„  is  easily  prepared  by  Ai^ 
|U)il>g  •  mixture  of  ojual   weights  of  oxalic  acid,  woo<l-spirit,  and   oil   of 
iioiiH  liquid  collects  in  the  receiver,  which,  when  exposed' 
;.ly  evaporates,  leaving  the  methyl  oxalate  in  the  form  of 
"•■Ml,  eryslalline  plates,  which  may  Iw  .purilieil   by  prea- | 
i   bibulous  paper,  ami  redistilled  from  a  little  oxide  of  | 
-  oolorlcjis,  and  has  the  odor  of  ethyl  oxalate  ;  it  mrlla  , 
J;CliJ^.!^''  v.).  and  boils  at  1610C.  (321. 80F.);'  dissolvi-s  freely  in4 
wo<id-«|iirit,  also  in  water,  which,  however,  rapidly  deitmipose** 
>  li'iu   hot,  into  oxalic  acid    and   wond-spiril.     The  alkaline 
I b»  same  change  even  more  easily.     Solution  of  ammonia 
pri«  11  luio  uxamide  and  methyl  aloohol.     With  dry  ammoniacal  goa 
63 
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2.  liy  luxating  sttwduxtwith  cAiiistic  nlkali.    Mauy.vvani  B|;u,Gav-Lu* 
observiHl  that  wuoil  uuil  iifveral  othrr  organic  aubstAUi't«  wt-ir  ouurci 
into  oxaliv  acid   by  riisiuii  willi   caustic   putasib.      L'jKiti    this  nbgivt klian, I 
Mi-Ksnt.  Koberls,  Dale  Hi  Co.  have  foundt"d  a  iut<tbo<l  lor  Um  pn-j'srsli"!!  'ii  | 
oxalic  acid,  wliicli  (uruisluti  tliis  acid  at  a  much  i'bc'n|MT  th' 
other  proctjsti.     A  aiixwl  solution  >■(  the  liydrattai  ofRodium  aiil 
iu  the  ])ni|M>rtinu  of  two  molecules  of  the  former  to  oue  of  llo-   i.u'  i, 
uvaporativl  to  alioiit  1.35  sp.  gr.,  aud  then  uixed  with   sawdtL^t,  no  u  I 
form   a  thick   paste,  wliich   is  placed  iu  thin  layerv  on  irun  plates.    Til 
mixture  is  now  gradually  heated,  care  b<-ing  taken  to  keep  it  constaiitl] 
8tirr«<l.     The  action  of  heat  expels  n  quantity  of  water,  and  the  masi  in 
tiiini-i>ci~i  ritrougly,  with  disengagement  of  much  inllumwable  gas,  ouniii<l>1 
iug  of  hydrogen  and  carUuretted  hydrogen.     The  mixture  is  now  kept! 
gome  hour.s  at  a  temperature  of  '2L^O  (;.  (400^'  K.},  care  being  taki^u  Ml 
avoid  charring,  which  would  cause   a    loss  of  oxalic   aiid.     The  prodn 
thus   obtained   is   a  gray  powiler ;   it   is  now  treated  with  water  at  »l»i 
15. .10  C  (UU-'  F.),  which   leaves  the  sodium  oxalate    iin<lissolc..»i.     Tli»| 
superuataiii  liquid  is  drawn  off,  evaporated  t4i  dryness,  and  heatiil  in  (ur>1 
naci»i   to  recover  the  alkalies,  which  are  causlitied  ami   nsnl  fur  *  luvl 
operation.     The  sodium  oxalate  is  washe<l  and  dewniposed  by  boiling  vittj 
slaked  lime,  and  the  resulting  calcium  oxalate  is  decomposed  by  nieaoii<CT 
sulphuric  iicid.     The  liquid  decautud  from  the  calcium  sulphate  i>  erip 
rated  to  crystallization  iu  leaden  vegseb,  and  the  crystals  are  piiriBiil  I 
ru-e.rystallization. 

ttxalic  acid  separates  from  a  hot  solution  in  colorless,  transparent  crr». 
tals  derive<l  from  an  oblique  rhombic  prism,  and  consisting  of  ('.il,i>,.211;l\ 
The  two  molecules  of  crystallization-water   may   be  expell""!   by  a  rciyj 
gentle  heat,  the  crystals  crumbling  down  to  a  soft  white  ]>owder,  ounMntu 
of  anhydrous  oxalic  acid,  (',H,0„  which  may  \k  subliuiMl  in  great  i 
without  decom{K>sition.     The  crygtallixetl  aciil,  on  the  contrary,  is  dKOOfl 
posed   by  a   high   temperature  into   ftirmio    aoid^_carbou    monoxide,  toll 
cai'bou  dioxide,  without  leaving  any  solid  residuiT:  ' 

2C,H,0«    =    CU,0,    +    CO    +    2C0,    +     U,0. 

The  crystals  of  oxalic  acid  dis.solve  in  8  pnrta  of  water  at  IS.ISO,  awli 
their  own  weight,  or  less,  of  hot  water  :  tliey  are  also  soluble  in  spiilti 
The  aqueous  solution  has  an  intensely  sour  taste  and  nii:>t>t  ixiwerful  wtf  J 
reaction,  and  is  highly  poisonous.     The  proper  antiilote  is  chalk  or  m»t-i 
uesia.     Oxalic   acid   1?  deoom|Mised  by  hot  oil  of  vitriol  info  a  mixtnri-  ofj 
carbon  monoxide  aud  carbon  dioxide  :  it  is  slowly  oinverti-d  into  carhnjii* 
acid    by  nitric  acid,  whence  arises   a  coiisiilerable  loss  in   the  priK-ess  '^  I 
manufacture  from  sugar.     The  dioxides  of  lead  and  manganese  eflecl  tW 
same  change,  beuoming  redooed  to  monoxides,  which  form  salts  with 
unaltered  acid. 


Oxalates. — Oxalic  acid,  like  other  bfhaslc  acids,  forms  with  monabaM 
metals,  neutral  or  iiorniul  salts  tYintaining  C',M,0„  and  acid  salu,  C,UM0,,1 
With  iK)tasslum  and  aiiiutonium  it  likewise  forms  hyper-acid  salu,  t.;.|l 
C"jlIKo,.i:,||,(),,  or  L',ll,KO„.  With  most  diatomic  metals  it  forms  on'Tj 
neutral  salts,  C,M"0, ;  with  barium  and  strontium,  however,  it  forms  l«»1 
salu  analogous  to  the  hyper-acid  oxalates  of  the  alkali-metals.  Il  lU^J 
forms  ninuHrons  well-crystallizwl  double  salts.  It  is  one  of  the  »lroiix« 
acids,  ib-uomposing  dry  soilium  chloride  when  heatml,  with  evolution  ' 
byilrocbloric  aiid,  and  converting  sodium  chluridu  or  nitrate  in  aqtl« 
Bolutiou  into  acid  oxalate. 
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ralaUa  of  tbt*  alksH-roetals  ore  soluble  in  wator  ;  the  rost  are,  for 

I  part,  inanliilile  in  water,  tint  aululile  in  dilute  acids. 

aisled  are  •UrouipoHi-d  liy  lieat.     The  oxalates  of  the  aikali-metals 

of  thf:  i>lk.\lint>  fnrth  metals,  if  not  too  strongly  heated,  i^'wv  off 

inoxide  nml  leave  carUinates,  while  the  oxalates  of  tlio&e  inetalii 

Brlxinules   are  deoouiivoMed    by  heat  (zinc  and  uiagnesiuiii,  for  ex- 

jrive  oir  carljon  monoxide  and  ciirlK>n  riioxide,  and  leave  metallic 

The    oxalates  of  tlio   more    easily  re<liieiblu    metals   (silver    and 

et<:.),  givu  otf  carbon  dioxide  and  leave  the  metal  ;   the  lend  siitt 

labuxide  of  leail,  and  gives  off  3  volumes  of  curbuu  dioxide  to  1 

(if  carbuu  monoxide  : — 


2C,l'bO, 


Pb.O    +     SCO,    +     CO  , 


,t4>a  heat«<l  with  sulphuric  add  give  off  carbon  monoxide  and  dinx- 
leavo  a  n^idue  of  sulphate.  lu  this  case,  iia  well  as  in  the 
ipunitiou  by  heal  alone,  no  sejmrntion  of  earlmn  takes  jdaee,  and  cou- 
nt I  v  the  residue  dot's  not  blacken:  this  character  distinguishe«  the 
1    -  iiim  the  :-alt«  of  all  other  earlMjn  acids, 

1  and  the  soluble  oxnlatcM  give  with  ealrium  chloriilr  a  firecipt- 

cium  oxalate,  insoluble  in  water  and  in  acetic  acid,  but  golubln 

hlorio  and  nitric  acid.     This  reaction  affords  a  very  delicate  test 

lenco  of  oxalic  acid  :  the  insolubility  of  the  precipitat«d  oxalate 

•did  distinguishes  it  at  once  from  the  phosphate, 

OxALATEfl. — Tho  yieutrnl  tall,  CjK./),.2Aq.,  prepared  by  nen- 
oxalic  acid  with  potassium  carlxmate,  crystallizes  in  transparent 
prisms,  which  become  opaque  and  anhydrous  by  heat,  and  dis- 
3  !>»«»  of  water. — The   ant/   oxiilate    or    tiinoxalale,  (',HK0,.2.'\ii., 
ics  cjvII'hI  SiiIi  of  Sorrel,  from  its  o<;currence  in  that  jilant,  is  found 
other  species  of  lliimcjr,  in  OiaUs  acrlotella,  and  in  garden  rhubarb, 
with  malic  acid.     It  is  easily  prepared  by  dividing  a  solution  <vf 
moid   in   hot  water  into  two  e<jual   portions,  neutralizing  one  with 
nin  carbonate,  and  adding  the  other  :  the  salt  crystallizes,  on  cool- 
In    colorless   rhombic    prisms.     The    crystals    have  a  sour  taste,  and 
Ire  40   parts  of  cidd,  and  (!  of  boiling  watiT  for  .solution.     A  solution 
ia    •alt  is  often   used  for   removing  ink  from  paper.     The   hiiiirr-nrid 
I   or  q<milroT(dnle,  r,KH()^.CjlI,0,.2Aq.,  is  prepared   by  saturating  1 
oxalic  acid  with  jxita-ssinm  carlKmate,  and  aibiing  3  [tarts  of  oxalio 
Tho  crystals  are  tridinic,  and  dissolve  in  20  parts  of  water  at  2oo 

F)- 

r   oxalate,  C,Na,0„  is.  slightly  solnble  and  dilHiuiU  to  crygtallixe. 
mlt,  C,tINaOj,  forms  crystals  which  redden  litmus. 

mrw  OxAtATR*. — Tho  nrtilrnl  mil,  C,(>'II,)./\  -|-  2Aq.,  is  prepared 

alizing  a  li>it  solution  of  oxalic  acid  with   nnunoniuin  <url"iiiiile. 

uiUixcd  in  long,  colorless,  rhombic  prisms,  which  cfHorejicc  in  dry 

iify  are  not  very  soluble  in  cold  water,  but  dissolve  freely  with  the 

beat. 

drjr  salt,  when  heated  In  a  retort,  gives  off  wator,  and  yields  a  sub- 

Cf  o  x  a  m  i  il  e  :* 


I 


((•,(),)(<iNH  ),        = 
Ammonium  onAlnle. 


(CO,)(MI,), 
UxAmide 


distilled  with   phosphoric  oxide,  it  gives  up  four  molecules  of 
*  See  the  Chapter  on  Amldr*. 


«st«r,  and  t'ivlrU  »  o 

Adii  nnmMuim  af 
I<vlnb1>>   thnii    tli»  I* 

C»IViU„  or  (C/), 


■uopie    OvtOttMlf 
dtipMiU    Ulil    ■ 

1  to  a  aoi 
Hty  liy  J» 

I  illMllu' 

SOifi.  it 


->-:,* 


a^^ 


^:3S 


«/1i«  »0id,  CLBJOL,  ■ 


V 


^i* 


OOff 

ooa 

OlfomaL 


CHjOH 


__        _  I  !■  tk«  oxUmtiwi  of  ^t7«( 

^  ^'*4S«  + «.  -  2H^  +  *^H.<SS:S- 

gptf"*  and  >itTl«De. 
^IT        ^  jilf-  and  with  chrtmuc  acid  miztnrfl : 

+    O^    =    00,    +     IM>    +    t^H, 

CO,R 
of  barliitnric  acM  (Malonyl-nrea :  Bee  AMnu)- 
llf  ^  the  acljon  of  alkalies  on  cyanaoetic  acid,  betM 

<j{U  +  '"^''  =  "''•  -^  ^"•<^:S- 

Unraoctatp  IB  heatwi  with  solution  of  potassiam  (▼» 
^f^  *%^  it  lioili'd  with  ptitatb  aa  long  an  it  cuntinumi  to  gin 
i^'^'lV*  alkalinr  sulutioii  is  then  acidalst<>d  with  sulpharic  I 
^^  ■  — tliiic  ai'iil  I'xlratlwl  by  sthfr, 

;  dissoIrM  (t 
F.)  :  and  do 


fft" 


1=, 

M  ^IC^^  entail  ifH  in  large  rbnnilxihedral  plat<4 

■  ***'3b«M.  awl  Hher:  wHUi  at  :S2PC.  (2«9.«- 


I  »*?!  kirWr  Vtnp'Tsiiiry  into  aoftic  arfd  and  carlmn  dioxide. 
'^  JiifMM-\+  ".'^.  f'^"i"  "i'ky  noedlrt.  The  caldtm 
»^JT+11I/J>  i«  "^'■J'  ilighily  aoiuble  in  oold  water. 


a^- 


Xi" 


.«.•■>••<<  ^ '•■''•  CH(jrO)<^^'^  ,  formed  by  beatiof 
^(■,r.)  witb  aUcalirs,  (rjiUllisp*  in  shinliig  needles,  easily  h' 


(•.»•;  Wl»"  •"'•'l™,    ll,TOk-lH 

Whap  >ir*V  it  m^iia.  *ai 


:plodas. 
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^taiDe  •ufastanee  la  formed  when  ttTninoiiiK  in  Bmall  quantity  U  sdde<l 

>•  •iilution  of  oxAlic  etlirr  in  alcohol. 

n'heu  iixxlic  rtlicr  is  trealrd  with  pxcess  of  dry  obloriue  in  sunshine,  a 

irfaltc,  coIi>rI<«»8,  i.-rysttalliuf,  fu8il>ltf  body  tH  produowi,  insolulilo  in  watt>r, 

Wd  inaliintly  dooomputimt  by  alcohol.     It  consixLs  of   perch  iurulliy  I  iu 

.  X  .  1  u  I .. ,  C,i:i„0„  or  (C,CIj),CjU„  or  oxalic  ether  iu  which  thu  whola  of 

'  'gt'n  i*  replaced  by  chloriiit*. 

"xalatu  in  converted  by  jxitansiiim  or  sodium  into  ethyl  cartwnate, 
ttUx  e>olution  of  carlx)U  monoxide  :  t!,(C,H4),(),  =:  t'(<-'>"5)»*'j-|- <^f  i  but 
bm  rH.t4li>iii  is  coiu|ilii!at<-<t  liy  the  fonuution  of  several  other  products, 

•  I  oxalate  is  ajjitaliMl  with  sodium  amaljjam  iu  a  vessel  ox- 
1,  a  product  la  nblaiueii  which  is  separated  by  ether  into  a 
»ii<i  Jill  insoluble  portion,  the  latter  coiisistiiig  of  fermentable  sugar, 
'  with  sa<lium  oxalate,  and  at  leaat  one  other  so<liinu-salt,  while  tlio 
al  -..luiiou  yields,  by  spcintaueous  evaporation,  crystals  having  the 
,,H„1\,  and  consisting  of  the  ethylio  ether  of  a  triba-sio  acid, 
1  duoxalic  acid,  because  it  ia  proiluwHl  by  dooxidalion  of 
aotd  :  OC,ll,t\ -|- 3U,  ^  2<./°jll,(),  4- 411,0  ;  and  rauemocar  bonio 
<•  i 4  ,  laccause  it  contaiiw  the  elements  of  raceniic  acid,  C,ll,0,,  and  carlxin 
'■  <"Oj,  and  is  resolved  into  those  two  comjioumls  when  its  aqueous 
:s  heated  iu  a  Sealed  tulie  with  a  small  cjuantity  of  sul{iliuric  acid. 
uo  u<}>x>inpu<iition  of  ethylio  oxalate  by  HO<tliiw  nmalgaiu  lias  nut  been 
li^laMjr  investigated,  liut  the  foriuatiou  of  dcoxaliu  acid  and  glucosu 
hay  W  r«I»r«*enled  by  the  equation  : 

8C,H,0,    +     14H,    =    2C5H,0,    +     C,I1„0,    +     lOH.O. 

byl  oxninte,  treattnl  with  zinc-ethyl,  and  nflcrwards  with  water,  yiflda 
pthylic  ether  of  diethoxniic  acid,  C>li,(l  .,H|)/),,  and  similar  pro<tucts 
I  sinometiiyl  and  ziuc-amyl  (p.  7l4). 

e(Ay{  oialate,  or  Ethyloxalic  acid,  C,H(C,H5)0„  or  C>f.<[^H*"'  ,  i» 

.c4  aa  a  potassiutn-salt  by  adding  to  a  sohition  of  neutral  ethyl 
iMe  in  absolute  alcohol,  a  quantity  of  alcoholic  ]><ita.sh  l(>«ui  than  suffi- 
isot  \a  convert  the  whole  into  potassium  oxalate  and  alcohol  ;  on  dissolv- 
)f  Uii*  ■«!(  in  hy>iratei|  alcohol,  carefully  saturntlng  with  sulphuric  acid, 
ttA  Bontralixiog  with  carlionate  of  lea<l  or  barium,  the  ethyloxniate  of 
Md  or  bsriam  is  obtained. — The  acid  itself  is  prepared  by  decompo>ing 
Uh«r  of  th«*e  salts  with  sulphuric  acid  ;  but  it  is  very  unstable,  and  is 
MMn>p<>sed  by  concentration  iuto  alcohol  and  oxalic  acid.     The  /miniisium 

tb,  Cfit^^f^      I  forma  crystalline  scalea,  which  begin  to  decompose  to- 

Mrrnrt.  OxiLATB,  C,(rH,),0„  or  C,0,(OCn,)„  is  ea-sily  prepared  by  dU- 
llling  a  mixture  of  equal  weights  of  oxalic  acid,  wiKxI-spirit,  and  oil  of 
•ilriol.  A  splritous  liquid  iMillecla  in  the  receiver,  which,  when  exposed 
o  the  air,  quickly  evaporates,  leaving  the  methyl  oxaliile  in  the  fonu  of 
Uumbio,  transparent,  crystalline  platen,  which  may  be. purified  by  pres- 
lare  between  fold*  of  bibulous  paper,  and  redistilled  from  a  little  oxide  of 
^••4.  The  protlucl  is  i-olorless,  and  has  the(vlorof  etiivl  oxalate  ;  it  niclt-s 
It  510  <:  (lU-i.xO  l-'.),  and  Iwils  at  Kilo  c.  (321. «-K.);'  dissolv.-s  freely  iu 
Uonhol  aD<l  wrKid-Npirit,  also  in  water,  which,  however,  rapidly  deromjioses 
t,  »wjMM.iaIly  when  hot,  into  oxalic  acid  and  wotxl-spirit.  The  alkaline 
lydratc*  effect  the  same  i-hange  even  more  easily.  Solution  of  ammonia 
invert*  it  iuto  uxamide  and  methyl  alcohol.  With  dry  ammoniacal  gaa 
(kI 
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it  yield*  methyl  oxamate,  or  oxamethyUne,  ^■fli'^r^^    • 
■Dbatanoe,  which  cryBlalliiei  from  alcohol  in  pearly  cubes. 

Etbub  Oxalats,  C,Oj(C,H,),  or  (C,0^(C,H,OJ  i 

pears  to  he  formed  by  Ihf  action  of  elhene  bromide  on  silTer  oxaUt«. 
Closely  related  to  oxalic  arid  are  glyoxylie  acid,  C,H,Up  and  | 
o  X  a  1 ,  C,H,t>,,  wUiuh  may  be  regarded  as  aldehydio  derivativec  of  < 
acid  or  of  glycol : 


(.■(M)H 

Olji>ii)'llo 

■cid. 


COH 

COH 
OlyoxaL 


CH.<:».«H 


*^"»<r(),H 


co.ou 

CO.OII 
Oxnlto 


Both  are  formed  aa  intermediate  prodaota  in  the  oxidation  of  glycol,  oi} 
are  oonvertad   by  further  oxidation  into  oxalic  acid  («ee  AutsaniB,  f. 
673). 

Mai  onto  Acid,  C,H.O,  =  CH,<J^'y  .— Thia  acid  is  fonnad: 

^K     By  gradual  oxidation  uf  £-propene  glycol : 

k 


=  2n,o 


CHjOU 
•lio  by  oxidation  of  propone  and  allvicne. 

2.  By  oxidizing  malic  avid  with  chromic  acid  mixture: 

CH,.CO,H  CO.H 

CHOa  +    O,    =    00,    +     H,0    +    IH, 

CO,H  CO.H 

By  decompofiition  of  linrbitnric  arid  (Malonyl-nrea:  see  Amids). 

twtlar,  <■ 


4.  Synthetically  by  the  action  of  alkaliM  on  cyanai-otic  add 
its  etiiylio  ether 

<),H 


Bthylic  mono(UI(irno<'tnte  is  heated  with  solution  of  potasxium  cyaniii*- 
and  the  product  Ih  UiiltM  with  potash  as  Iouk  ax  it  vontinurs  to  (pvr  u<I 
ammonia.  The  nlkaliuf  nolutiou  is  then  aciilulaled  with  sulphuric  acid, 
and  the  fre<i  mnlonic  acid  extracted  by  ether. 

Malonic  nciil  crystallizeB  in  large  rhomlxihedral  platesi ;  dissolres  tMf 
in  water,  alcohol,  and  ether ;  luelta  at  1,12^'  C.  (2iin.tj'-  F.)  ;  and  decoiu- 
poses  at  a  higher  temperature  into  acetic  acid  and  carbon  dioxide.  Il» 
barium  tall,  C,H,Ha(),  -|-  H,0,  forma  silky  nee-iles.  The  calaum  mii, 
4C,H,CaO,+  7H,0,  is  very  slightly  soluble' in  oold  water. 

Nitretemalenie  Acid,  CH(NO)<^»g    ,   formed   by  heatin(   »!»• 

Inrio  acid  (</.  r.)  with  alkalies,  cryiUllizp*  in  shining  needles,  easily  soluble 
in  water.     When  healed  it  melu,  and  then  explodes. 


Mil 
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Am  it 


domalonie  Acid,   CU(Nn,)<^;.»,,  ,  producwl  by  the  action  of 

«odiuii>-ftiual|;aiu  on  the  nitruso-aoiil,  funiis  iihiniug  prisms,  which,  when 
boAtwl,  are  naulved  into  carbon  dioxide  and  aiuidacetio  acid,  CU,(NU,}^ 

MiOTtiic  Acid,  C,HjOj  =  CO<^,|j'„  . — ^TUis  ketonic  acid,  derived  from 

SMdonie  acid  bj  snbetitution  of  0  for  II,  in  the  group  CH„  is  produced  by 
«ixidixing  ainiduuialonio  acid  by  meana  of  iodine  in  an  aqueooa  solution 
tfontainiiig  pobLMiiiw  iodide: 


■  CH(NH,)<^g.{|     +     O    =    NH.    +     QO<^^: 

abo  by  boiling  alloxan  (mesozalyl-area  q.  v.)  with  alkalies  : 


CO<iJ{|Z^O*>CO     +     2U,0 


AUoxan. 


Urea. 


CO 


MesoxnUd 
•cid. 


llaaosalicacid  crystallizes  in  deliquesrciit  prlKms.  containinp:  1  mol.  water, 
«aaiIyaoIuble  iu  alcohol  and  ether.  It  meltii  itt  1150  c'.  C^iViO  {.-.)  without 
^TlBg  off  its  water  of  cry.stallizatioii,  and  dec:<iiiij>i>!>i'S  at  a  higher  tempe- 
Vst'irv.  The  water  appears  tluTefore  to  he  very  iiitiumtely  oombined,  pro- 
bably in  the  form  represeuleti  uu  the  right-lmud  iiide  of  the  following 
«(iaation : 

<'C:"   +    ".0  =   C(OH),<J;;];|] . 


co< 


Tbe  roetallin  mesoxalates  and  the  ethyliu  ether  alen  contain  1  mot.  water 
•▼«cy  intimately  combined;  the  ether  probably  hiut  the  KUiKtilutiou 
C{OH)j(C(V,H5)..  The  barium  salt,  C,BaOj+  ljn,a,  is  nearly  inaohililo 
in  wat<-r.  The  nicer  tall,  C,Ag,Oj-|-  !!,(»,  is  an  aniorpboufl  powder,  which 
blackens  on  exposure  to  light,  and  is  de('<iui|>imi-<l  !>y  iHiiling  with  water 
into  mtsoxalic  acid,  metallic  silver,  silver  oxalate,  and  carlnin  dioxide. 
By  the  action  of  sodiam-amalgam  mesozalic  acid  is  uuuverted  into  tar- 
tronic  acid: 


CO 


^0,H 


^ 


Sncoinlc   Acids, 
two  modifications,  viz. : 
CH,.CO,H 

CH,.( 


-f     H,    =    CH(OH)<J^j[| 


— Of  these  acidi  there 


,.CO,H 

Succinic. 


CH,CH<^J]=^ 


Itoaucclnlc. 


1.  Ordinary  Baoclnio,  £-8accinlo,,  or  Etbene-dioarbonio  Aold, 
ia  pruituc<<d  : 

i.  By  beating  ethene  cyanide  with  alcoholic  potash  : 

rFI,.CO,H 
4-      4n,0      =      2NH,      +       I 

<'I1,.C0,H 

2.  By  converting  i  iodopropionic  acid  into  the  corresponding  cyanogen 
derivative,  and  deoomposing  the  latter  with  alkalies  or  acids: 

CH,.CN— CH,— CO  H  +  2H,0  =  NH,  + 
A^Cf  iiDopropioDlo  aeld. 


a. 


CH,.CN 


J 


CHj.CO.H— CH,f-C0,H. 
ffSuMlnIo  aoid. 
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3.  Ry  the  action  of  nsAcent  hydrogen  («T<>lr<n)  bjr  «<j<lium-»m*l;^wn'i  ' 
mali'io  ncid,  or  it*  isoini-riiW,  fumaric  acid:  rjl  n  +-  II,  =  r  Jl,'  i  , 

4.  By  the  action  of  byilrindic  acid  (nr  «rat'  -tat*)  i 
malic  acid,  t',U,0^,  or  tartaric  acid,  C,H^I^  i<'                                      -^  la  I 
Blistraction  of  1  or  2  atoms  uf  oxy^un,  with  (uruuUwU  wl  ■ater 
ration  of  iodine. 

5.  Hy  the  fermentation  of  malic  or  fui  '  '  '  -nay  t 
ganic  »ntMtancu3,  especially  under  the  ■■(  «sa<rt»l 
■mall  quantity  also  during  the  alcohul.v  i-  .,[  mgtr  ip.  f 
foot-note). 

6.  By  the  oxidation  of  many  organic  antwt  .  i.itlv 
acids,  C„II,„0,,  and  their  glyccridew,  under  the  iiilln 
forniatjiin  frnm  butyric  acid  is  represeutvd  by  the  ■ 
H,()4-i;.H.O,. 

Succinic  acid  occurs  ready  formml  in  amber  aiul  in  ourtain  ligiiit**.] 
ocomionally  in  the  animal  ort;ani:jm.      Byhta:  ,'  '  .  UiT! 

may  be  obtained  in  <vlorod  oryslals,  wliich   ii  xti 

with  nitric  acid  and  recryslnllization  from  b"i — 

more  ndvanlageoiisly  preparwl  by  the  fernienlation  uf  m  . 

calcium  malate  obtained  by  neutralizing  Ihn  jiime  of  ni' 

with  chalk  or  slaked  limu  Iwing  used  fur  the  purple.  Thr  salt  u 

an  earthen  jnr  with  water  and  yeast,  or  d<-caying  cherac.  and  t«fl  tatt 

days  at  ;t<>o  or  -400  C.  (8(jo_i(v40  p.);  Hm  calcium  sueciiiat-  thua 

is  decomp«i«Hl  by  dilute  sulphuric  acid  :  and  the  bucciuic  a<'id 

by  cryiitalllzation  from  water  and  by  sulilim.ilion. 

Hucciuir.  ai'id  ery«lullizes  in  colorh's.i,  niouwliiiio  prt»Tus,  ^^Itich 
in  it  parts  ol  waU-r  at  i.K3  C,  (tihCi  K.j,  nnd  in  4  p»rl>i  of  Ijoill 
it  melts  at  18(P  C.  {X>tf>  K.),  and  b.jils  at  23iO  C.  (4650  p.),  ,i 
time  undergoing  detnnipoitiliim  into  water  and  succinic   oxit) 
hydride,  t;,ll,0,,  or  (t',ll,'),)t>.     The  dauie  lomfKiund  Is  furmod 
actiuu  uf  phosphorus  pcntachlurido  un  sun'imo  acid  : 

c^UjO,  -f   PCI,  «-   poci,  4-   2Ha   4-   c,nfit 

It  Is  a  whit)<  mass,  Inss  soluble  in  water,  but  more  Holuble  In  alaokol, 

Bueeinic  acid. 

Siiwinic  aciil,  Ujlng  bibasic,  forms,  with  m'l.    ! 
SHlt»i,<;,lliMO,  an.l  f,H,M/>,,  and  wilh.lvad  n. 
C,H,.M"0„  aud  acid  salts  (•,ll,M"ti,.C,ri,0,.- 
8Uccinat<>s,  several  basic  lea<l-salt»,  and  a  hv  i 

The  BUecinali's  of  the  alkali-nietals  are   c  ; 
aitciuHi-inll,  (.',n,('»()     i"  "parin^-ly  soluble  in  water,  Kiel  se^uirala* 
cold  solution  with  3ll,t>,  and  from  a  hot  solution  with  lll,tK     tin 
aminoniinu  sucoinatu  to  ili-s  soliiticin  of  a  ferric  H,tlt,  a  t>a*lc  farrio 
fs  Ihniwn  dowu  as  a  nxlilisli  brown  pre<-ip(late, 

Muixiinie  ociil  i»  diHliiijjcii»ln«l  fr.v     '  >  i  ■  _  .    .  i    ;- 

from  it4  soluble  salts  by  mineral  » 
with  barium  chloride,  on  addi'"" 

IClh^ic  mrrimUr.  <  ",1 1 ,  ( ('( t, . '  r ,  «tii 

acid  on  an  aloohollu  s.i|iitii'i.  I 

wal«r,   having  a  spociflo  navity  of  1.0T;i  at  U",  aud   l»iltit«  ai  311 
(4*1. HO  v.). 


• .  adil  MiaS  I 

rultaltacuwti 

•I—  a  fwwi 

i[i-«»ll, 

■    HAlrt. 


i>\  with  bromlnn  and  water  In  e 


iWonoirrwnoww-micofii/,  C,ll,Br(CO,H)j,  which  is  the  chief  product  formed 

«hi-n  a  Ian-- ••  of  wali-r  i»  used,  crystallizes  iu  nudular  groups  of 

sleiiiler  nc  soluble  in  nnt«;r.     It  niellH  at  lUllo  C.  (32lK>  K.), 

giriiig  off  II:  '.iiig  i^mvi^ru^l   into   fiini.tric   acid ,  C^H^O^.     Bjr 

bulling  with  silrcr  oxi'ir  ami  wnter,  it  isconTurtwl  into  osjrs  ucciiiic  or 
malic  acid,  l',H,(OIl)(CO,HV 

DihroiMnimmnic  arid,  C,H,Br,(('0,H)  j,  is  also  formed  b^  direct  oombina- 
tioo  of  fuuiorio  acid  with  brnmiiK-: 

CH.CO.H  CHBr.COjH 

«  +         Br.         -  I 

CO.CO.H  CnBr.C<3,H 

fiirlliiT  by  heating  succinyl  ohloride  with  bromine,  and  decomposing  the 
!ig  rtibromuauccinyl  chloride,  C,M,Brj(r(K"l)„  with  water. 
^   acid  crystallliei  iu  prixuu,  sparingly  soluble  in  uold,  more  freely 
in  liut  water. 

Its  salts  are  decomposed  by  boiling  with  water,  the  silrer  salt  yielding 
dioxyguccinic  or  iuavtire  tartaric  a4'id  \  the  swlium  salt,  monobrumomalic 
ACiid  .  and  the  barium  salt,  moiiobromomateic  acid  ;  thus  : 

C.HjAg.Br.O.    +    2H,0    =     2AgBr 
C,H,Na,Br,0,    +     H,0       = 
SC,lI,BaBr,0, 


+     C  HO. 
Tartiiriii  <tcld. 


NaBr     4-     C.II.NaBrO, 
BroniomaUtp, 

=      BaBr,  +     ((;,ll,BrO,),Ba 
BroiDoaialesle. 


BAjtic  dibrxmuuuceinatt,  C,H,Br,(CO,C,H,)^  melU  at  580  C.  (13b°.4°  F.), 
nd  boils  at  1400-1500  c.  (j84O-302^  F.). 

Siilphnsuccinic  acid,  CjH,(SO,H)(CO,H)„  is  a  tribosic  acid  formed 
bgr  dissolving  suocinic  aoid  in  fuming  gulphurio  acid,  and  by  the  combina- 
tiun  ot  fuoiario  or  maleioaoid  with  the  aaid  sulphites  of  the  nlkali-mctals. 

boraoclDlo  or  Bthidena-dioarbonlo  Aold.  H,C— CH<^^^'|j, 

ta  [>r<-p/iriv|  Trora  >-eliluriipr<ipiouic  acid,  through  the  medium  of  the  cyano- 
gvl»-<lcJ'|yative : — 


n.c-cn<[:;^,j 


+   2n,o  = 


NH,  +  H,c-cn<[:g^{} . 


in.  II 


'  pri'parwl  from  ethideiio  dihromldp,  n,r — THBr,  ;  for  on  hcat- 
tiipoiind  with  [Kitassium  oyanlile  and  an  alkali,  n  molwular 
11  takes  place,  resulting  In  the  formation  of  ordinary  or  cthcne- 
I. 

11'  acid  cryslallixns  in  needles  soluble  in  4  parts  of  water.     It 
al    i;VJO  (.'.  (20iP  F.).  and  is  resolved  at  higher  temperatures  into 
■ntc  acid  and  luirbon  illoxide  :— 

fHr-CH(Cn,H),    =    CO,    +    CH,— cn,— CO,H  . 

ke  sanx*  dec«nnii<>eUinn  tsk«!  place  on  heating  the  acid  with  water  above 
In  fact.  thi!>  mode  nf  decomposition  into  CO,  and  a  moniH<arl)on  acid 

■  f  the  diivirUm  acids  in  which  the  two  carljoxyl  groups 

'■.'  earbon-fttom. 

,i;,,.,, , ;iiiaai:id,  C,H,Brj(CO,n),,  is  formed  by  addition  of  bromine 

lauUelc  acid  ; — 

H,CrC<^^«{|    +     Br,    =     H,CBr^CBr<^^ 
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It  IB  cryfAlliiie,  easily  soluble  in  water,  m«lls  at  15(K-  C.  (3020  P.),  M><iii| 
r«»")lviNl  OH  furlluT  bt-ating,  or  on   boiling  with  walur,  into  HBr,  ami 
bronioiiialfic   aciil,  (;HBr_C(CO,ll),.     Soilium   amalgam  convert*  it, 
mulfL'ular  traiiajioiiiliou,  into  urdiuary  succinic  acid. 

Pyrotartaric  Acids,  CjH,0«  =  C,H,<^:J'»|{  .—Of  Uiex 
tliero  ani  four  motUfiuationii : — 


CH, 
CH.COjH 

cn,.c;o,H 

Pjrrotartarlo. 


Cll,.CO,H 

t'H,.CO,H 

Olutarlo. 


CH, 

i"' 

tH((.0,H), 
Ethylmnlunlfl, 


CH. 
C(CO,II), 

Dlmrtbrl- 
nalooic. 


Pyrotartaric  "r  Metbyl-aaccinlc  Acid,  CU,.cn<[^,»"^,,  ^ , 

U  oliiiiinetl   by  tliti  dry  distillittiuu  of  tartaric  avid,  mixo<I  with  an  «)i><l^ 
weight  of  powilorcd    puinie»  ;  iiynthetically,  alao,  trom  propone  biumiif 
through  tho  modium  of  the  cyanide  :— 


ca 


.•^^»<liH„ 


CN 


+     411,0    = 


2NU.  +   cn,.cu<{^,.J'.o^; 


also  by  Ibe  action  of  nasoont  hydrogan  on  the  three  isomerio  aeiiii,  i 
oouio,  oitraoouio,  and  mmiaoouio  : — 

C4H.0.    +     II,    =    CjII^O,; 

and  lastly,  by  troating  ally!  iodide  with  potasaiam  cyanide,  and  boilli 
the  resiiUin;;  nitril  with  a  caustic  alkali. 

It  cryittaliiins  in  small  rhoiiil>lc  jiristiiK,  easily  soluble  in  water,  alwbol 
and  cthor,  nicitt,  at    112P  (.'.  (li;i3.liO  p.),  ^nd  when  rapidly  heaUnl  u  I 
ruIvinI  into  wntor  and   pv  ro tartaric  anhydride,  which  distill oriTil 
and  Ijoila  at  23(P  C.  (44i;o  K.). 


CM, 


CH.CXJ.OH 
CH,.CO.OH 


=        H,0 


(■H..CO. 


cu,.co^ 


a 


heatinsj  it  for  a  longer  time  to  20(10-2100  C.  (392Q-110O  K.),  or « 
expiMin);  itit  ai)iu<ous  iiolutioii,  luixitd  witli  a  uraniinu-iialt,  to  sunaliinr, 
is  ri'slnrwl  into  CO,  and  bulyrlo  acid,  ("11, — CH, — CH, — Cl\H. 

Neutral   wilciuin   pyrot^rtrate,  C^H,<1.Ca  +  2U,0,  and   the  add  poU»- 
siun)  salt,  rjH,0,K,  are  sparingly  soluble  in  water. 

Normal  Pyrotartaric  Aold,  CH,<^|j'p^-^||,  aUooaUed  glntarfi 

•eid,  is  formed  by  healing  propene  cyanide,  CHj^ji|j''f.i|j,»rith»U 

hydrochloric  aoid,  to  lOOO,  In  a  sealed  tube  for  three  or  four  hour*.  Th* 
contents  of  the  tube  are  then  evaporaU^l  down  on  a  water-bath,  tri'«''<' 
with  alKiolute  alcohol  to  separate  ammonium  ohloridn,  and  ibe  »l  " 
solution  is  evaimratwl  down,  whxrniipon  the  aold  is  left  a*  a  thick 
syrup,  which  very  slowly  cryslftllljns,  Jt  may  lie  puriflc^l  by  oiuT'-r"""' 
into  silver  salt,  and  separation  therefrom  by  hydrogen  sulphide.  Tin 
a«ti)e  acid  i»  obtaiped   by  heat}ug  oxyglutaric  acid  (y.  r.),  with  poB«8' 


KB- J 
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kjrdriodio  aoid  to  120O  C.  (2A9D  F.)<     It  forms  lar|;e  transparent 
lluiij   crvMols,  easily  soluble  in  water,  melting    at   Ui^  C.  (Jt>C.oO 
f.),  atul  dec<im]X>i)ing  aliuve  2bllO  C.  (J3lJO  K.)  into  water  and  the  anhy- 

iride.CH.<[^I{.;^.;>0. 

Bthylmalonio  Acid,  C'nj.CH,.CH<^,,^».,  ,  is  preparpd  from  a-bromo- 
botf  nc  at-id  (p.  7o:i>,  ihrongh  tbo  m«<Iium  of  the  cyano-oompounil  : 

BcH,.CH,.CU(CN).CO,H  -J-  2n,0  =  NH.-f  Cn,.CH,.CH<^Q»|| . 

h trjrstalHxes  In  oolorless  prisms,  resembling  pyrotartaric  acid,  and  melt- 
l^like  th«  latter,  at  US'  C.  (233.00  F.).  When  hoatol  to  lUuO,  it  is 
^Hred  into  CO,  and  butyric  acid.  Tlio  calcium  null,  C'jH,(),l'a  -f-  JJjt>i 
Rba  prisms  more  xoluble  in  culd  than  in  hot  water.  Tliu  biirium  sail  is 
^bydroua.     The  eopfttr  tail,  C,lI|(.\L'u  ■\-  11,0,  crystallines   in   beautiful 

^■Imethyl-malonlo  Acid,  (CII,),C(CO,n)„  prepared  from  bromisobu- 
^Kaeid,  is  lou  soluble  iu  water  tlian  either  of  the  two  preceding  acids. 
j^Koampasos  wlieu  uivlted,  but  does  not  yield  butyric  acid. 

Suf'ttitution-producti  of  tht  Pyrotarlaric  Acids, — Isomeric  cliloro-  and  bro- 
M>.d«riTatives  of  these  aciils  are  formed  by  direct  addition  of  UCl,  llUr, 
ad  Br^,  to  the  uiixaturatiHl  acids,  0^1(^0,,  viz.,  itacouic,  eitraoonic,  and 
uaaoonie  acids,  these  products  Iwing  called  respeclis'cly  tVa-,  cilra-,  and 
taa-  derivativeji  of  the  ])yrotarturie  acids. 

The  monuchlorinat«l  derivatives,  CjU,C10^,  are  formiMl  by  treating  the 
bree  isomeric  aiuds,  CjII,Oj,  with  stroug  hydrochloric  acid.  They  are  all 
hrwe  crystalline. — IlacMoropj/rotarturlr  acid  melts  at  WfiO  C.  (2!'30F.),  and 
rhen  heated  with  water  or  alkalies,  is  converted  into  itamalio  acid, 
JjlljCoU)*),.  —  (.V/r«cWoro/)yro^art(iric  acid  is  very  iiiistuble,  and  when 
ie9l«d  with  water  gives  up  UCl,  ami  pusses  into  wcsawmiu  acid,  C^II,!), 
p.  755).  By  boiling  with  alkalies,  it  is  resulvwl  into  CO,,  UCl,  and  ruetli- 
crylic  acid,  Cjll,**^. — MfuicMlorop^rotartaric  ticid  iTi  more  stal>le  than  tlio 
UV,  melts  at  li>-'  C.  (:iJ4.20  K.),  and  is  converted  by  heating  with  water 
kto  oietiamalio  a<^id,  C,il,0,. 

Tba  three  isomeric  dibromopyrotartario  acids  differ  from  one  another  in 
lieir  degree  of  solubility  in  water.  The  ita-4.-oiiipound  is  converte^l,  by 
oiling  tile  aquKius  solution  of  its  sodium  s.iU,  into  aix>nlc  acid,  Cjll|0«. 
b«  citra-  and  meaa-oompounds,  on  the  other  hand,  yield  brouucrotouio 
lod,  C.HiBrO. 

All  the»e  chloro-<lerivatives,  and  the  corresponding  brorao-  and  iodo^ 
gnotax^ftrio  acids,  are  converted  by  nascent  hydrogen  into  ordinary  pyro- 
litario  aci<i. 

The  con«titution  of  the  Rubstitnl<'d  pyrotarlario  acids  will  be  understood 
mn  that  of  the  three  isomeric  acids,  Cjtl^O,  (p.  704). 

Adlplc    Aold«,    C,H,„(:i.  =  C,n,<^^'^   .—1.    Normal  Adlpit 

riJ,  CO,H — (CM,), — CO,H,  originally  obtained  by  the  oxidation  of  fats 
rith  nitric  acid,  is  formed  synthetically  by  heating  ^iodo-propionio  acid 
pith  finely  divided  silver  : 


.CH,l— CH 


,_c:o,ii ) 
,-CO,U  J 


:h,i— CH,— ct 

|.Iodo|iroploalo  acid.' 
3  moL 


+ 


=    2AgI    + 


CH,— €H,— CO,H 

CH,— CU,— CO,H 
Adlplo  acid. 
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It  is  klso  produced  by  th«  avtion  of  nasoent  hydnigen  <>o  hjilro-mneoBii 
acid,  0,11^0, ;  >>y  oxidixing  Bobacit-  acid  with  nitric  acid  ;  and,  togiitlMr 
with  aovtio  acid  and  carbou  dioxide,  bjr  oxidation  of  phorone  villi  ckrumlc 
acid: 

C,H,.0    +    O,    -    C,H,.0.    +     C,H«0,    +    00,. 

This  acid  cryitalUzcs  in  shining  lamins  or  prisms,  diuolres  in  13  partt 
of  r«ld  water,  and  nii-lu  at  14*^  C.  (Z'J^AO  P.). 

CIV- CH— (\\H 
2.     Iioodiiiic    or    Dimelktl-tuccinie  acid,  I 

CH,— (."U— CO,H 

pro<luet>d  l>y  lieating  •-bromopropionic  acid,  t'U, — t"HBr— CO,H,  witk 
finely  divided  silver,  forma  a  thick  syrup  wliich  does  not  r«adily  cirttsl- 
Ui«. 


b 


» 


The  higher  acids  of  this  series  are  formed  by  the  oxidation  of  st« 
acid,  oli'lo  acid,  and  othir  vids  of  the   fatly  and    acrylic  si-rifs  with  uilri 
acid, — Mnccinio  acid  and   some  of  the  lower  honiolo(;ars    being  geui-rilly 
fnrmot  at  tlie  same  time.     The  mix><d   acids   thu«  obtained  are  »epxrau 
by  fraotional  crystallization   from  ether,  the   higher  memben  srparatiii| 
out  first. 

Pimelio  Aold,  C,H„Oj,  is  also  prodaoed  by  faaing  camphoric  acid  «U  . 
potoiili.    It  mulls  at  114<3  C.  (237.^  P.),  and  dissolves  in  40  parts  of  mlJ 
water, 

Baberlc  Acid,  ('i,IIuO,,  is  most  readily  obtained  by  boiling  enrlt  witk 
Jiilric  mid.  It  iivitallizc^s  in  long  needlia  or  plates,  molts  at  140" C 
(2^4*^  v.),  and  sublimes  without  decomposition  between  1500-16'*^  f- 
(3():iO-32l)°  P.).  It  dissolves  in  100  parU  of  oold  water,  euily  in  ktit 
water,  alcohol,  and  ether. 

(CH^,C— CO,H 
An  isomeric  acid,  tetramethylsuoolnio  acid,  I  r 

(CH,),l— ai,u 
is  formed  by  heating  bromisobntyric  acid  (Cnj),CBr.CO,H,  with  rediiwJ 
silver.     It  melts  at  950  C.  (21I30  K.),  and  dissolves  in  45  parts  of  water  •• 
HP  C.  (510  F.). 

C,H,.CH.CO,H 
A  tbirdisomeride,  diethylsncoinic  sold,  I  ,\t(i>rmti 

C,n,.CH.CO,H 
In  like  manner  from  a-broraobntyric  acid,  C^H^.CHBr.CO,!!. 

Anoholc  Acid,  nr  LepargyUo  Aoid.  r,H|,0„  is  formed,  togetherwitk 
other  prwlucts,  liy  the  action  of  uilrio  acid  on  Chinese  wax  and  no  th» 
fatty  aeidsof  locou-nut  oil. — .\ielaio  aciil ,  obtained  by  oxidizing  color 
oil  with  nitric  acid,  has  the  same  oompositinn  as  anchoic'  aciil.  bat  diO" 
8(1  much  from  it  in  phyxical  proj>erties,  that  it  mtiat  bo  regarded  as  as  ia»' 
meric  or  allotropic  modification. 

Seblo  or  Sebaolc  Aoid,  r,„H„n,,  ts  a  constant  prodart  of  the  dtatm^ 
live  dist illation  nf  oleic  iicid,  olein,  and  alt  fatty  sillislanrw^  (vrntninni.- 
those  Ixidies  ;  it  is  extracted  by  lioiling  the  didtilled  matter  with  wsfrr  ■' 
is  also  fnrm(>il  by  the  action  of  pntssh  on  castor -nil  («<•<•  p.  ■"592').  Il  '■  ^^  « 
Biiiall  penrlv  crystals  resembling  Ibnse  of  benzoic  aciil.  It  has  a  fu  .'' 
arid  taste,  is  hnt  little  soluble  In  oold  water,  melu  when  heat<<d,  aJid  s"i- 
limes  nnchanged. 
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_BTai«yllo  Add,  CnH^O^,  obuined  bjr  oxidation  of  twhenolic  aoid  uid 
Olid,  uiflu  at  LUSt^,  and  la  ut»arly  iusolublo  in  watvr, 

ioccellia  Acid,  C,.II„0,,  exists  iu  /lurcilla  hiwluriu,  and  iitlnT  liobciiB 
>f  tbff  Bjuue  g>*uU]i,  alnu  iu  Lrcuiiora  lurUircUf  and  is  ubtaiiuNl  bv  fxlmtiHting 
iir  fintt-iuenliuiied  plant  witli  at^ueuiis  aiuiuoniu,  prt'iijiitating  tlie  flltiTt-d 
iquur  witb  cAlc'iuui  uhluride,  and  dccuiujiuMinj;  tl»^  resulting  uilriuui  salt 
ritU  hydrucliloric  acid.  When  jjuriliiMl  liy  solutiun  iu  elber,  it  fiinuii 
>Uil«,  rectangular,  four-sided  lobular  crystals,  uudting  at  l'i2l^'  C.  (2C9.6'^ 
f.),  and  subliming  nt  -JWO  c.  (,'MJP  ¥.),  being  partially  conviirt.-d  at  the 
I  tiate  int^j  ou  uxide,  CijIi^Uj,     Tbis  avid  d«icoui]Mjsus  vorbouatus. 


a.  XjMatttrated  Acids,  C.n„_^(),  or  C.U.._,<[![J«||  .  —  This    aerioii 


Bolodaa  Ihu  folluwing  groups  of  isouiurie  acids  : 

tFumario  and  Maleiu  acids 
Itocunie,  Cilraoouic,  Meaaoonio,  and  Paraconic 


aviils 
Ilydruuiuiuuio  avid 


C.H.O. 

c.u.o.. 


These  acidK  are  capable  of  takiag  up  two  atoms  of  hydrogen,  bromine, 
lad  other  monad  elements,  and  passing  inti>  the  haturatnl  ueids  of  the 
{Needing  series.  A  general  method  of  forininf:  thein  ennsists  in  heating 
Im  di brominatt-d  derivatives  of  the  avids,  t'ollj„_j(lj,  with  solutiun  of 
lOlMaiam  iodide ;  c.  y. : 


CHBr.COjU 

I  + 

CHBr.rOjH 
DtbromoBUocmle, 


2KI    ==    2KBr    +     I,    -|. 


CH.CO.H 

II 

CH.CO,H 

Funmrlc. 


The  iaomerio  rniKliflcalions  of  these  acids  are  determined  by  the  structure 


Faniaric  and  Malaic  Aclda, 
CH.CO.Ii 


CH, 


CH.COjH 

Fumsrio.  Malele. 

TIM**  two  acids  are  produced  by  the  dry  distillation  of  malic  acid  : 
C.H.Oj    =    I1,0    +    c,n,o.- 

riien  malic  acid  (s  heated  in  a  small  retort  nearly  (IUihI  with  it,  it  melts, 
oil»,  and  g\v»  off  water,  together  with  nialeic  aeid  ond  nialeie  anhyilriile, 
Meh  pass  oTer  into  the  rweiver,  ami  dissolve  in  thi'  water.  After  n  time, 
|Kil^i<ir  eryslalliue  scah-s  make  th.ir  a(ii>eaninee  in  the  iMiiling  lii|ni'l, 
M  Increase  in  quantity  until  the  whole  becomi'S  solid.  'I'lir  jiro. ess  niay 
low  ►«  interrujitid,  anil  the  contents  of  the  retort,  after  c<»iling,  trealeil 
rith  cold  water  ;  unaltered  molio  ncid  is  thereby  disaolvtHi  out,  and  fumario 
cid,  which  is  b-ss  soluble,  remains  behind. 

Fumario  acid  exists,  in  the  free  stale,  in  a«vorat  planU,  as  in  the 
ommon  futnilorv  (A'umnn'n  nJfiriHiilU),  Ineland  moss  (Celruriti  islumlica), 
Jul  in  u-ruin  fungi.  It  is  produced  also,  as  alwve  slatted,  by  the  aition  of 
HitOHsiiiui  iodide  on  dibroniiisuctinic  aeid,  and  from  monobromosucciuii  aud 
ulph'jsueeiniu  acids  by  fusion  with  imtash. 
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Fiiuiaric  acid  tunas  small,  white,  orrstaUiue  UmioB,  wUIch  Hi 
firefly  in  hot  water  and  Rli«)hol,  but  r«jiiirt>  for  solution  stxiat  2lHt|ii 
oulil  watt-r:  it  is  uucliangeil  l>v  hut  nitric  acid.  When  hi'»tt-il  iu  arutrvot 
of  air,  it  sul>linu-s,  but  by  distillation  in  a  rrturt,  it  i»  n-sulvrd  in  wit»r 
»nd  nialeie  anhydride,  t',ll,0,.  Similar  ditlerences  areoften  otecrvni 
in  the  behariur  of  organic  bodies  of  small  volatility,  acuording  a:i  ihrv  tr< 
lieale<l  in  cloite  vessels  or  in  a  current  of  air.  Fumarie  acid  is  cuuvrrvd 
bv  totlium  iinuilijam,  hydrioJic  ucid,  and  other  bydrogenixiug  agenU,  in!" 
ordinary  succinic  acid.  It  unites,  in  presence  of  water,  with  metalUc 
jiBT,  forming  snocinate  of  line,  C',ll,0,Zn, 

Fumarie  acid  forms  acid  and  neutral  metallir  salts.  The  rnlriam  (Hi 
barium  aitlii  are  anhydrous.  The  «i/rer  talt,  l',U,0,,\gj,  is  quite  iusoUHn 
in  water.  The  ethylic  ctAer,  i;,H,U,(<.',Uj),  ia  a  Injuid  boiling  at  WfiC 
(437°  F.). 

M  a  1  e  i  c  Acid,   ll,C— C<^J)'|j  ,  crystallize*  in  large  prisms  or  taUo, 

Tory  soluble  in  water,  alcohol,  and  ether,  and  having  a  strong  acid  taite, 
and  reaction.     It  is  converted  by  heat  into  fumarie  acid,  by  nascent  hrilM^ 
gen  into  succinic  acid,  and  by  bromine  iutodibromisosuociuie  acid,  II,HrC'l 
CBr(('0,II),.     Its  acjueous    solution    disMilves  zinc  without  evolutiuB  i 
hydrogen,  forming  maleate  and  succinate  of  zinc: 

3f.H,0.     +     2Zu     =     C\U,0,Zn     +     (C,H,0,),H,Zn. 

Malttie  anhj/dfidt,  C,H,0,,  crystallizes  in  large  laniinn>  or  n««<llei,  IB<I 
at  57-"  C.  (lU.a^  F.),  Iwils  without  doctiuiiiositiou  at  19t,o  C".  (aM.^oy^ 
and  is  converted  by  water  into  maleic  acid. 

Maleic  aii<|  fumuric  acids  are  resolved  by  electrolysis  of  the  ooncentrall 
solutions   of    their   sodium    aalta    into   carbon    dioxide,    hydrogen 
acetyleuu : — 

c,H,(co,n),  =  c,u,  +   2CO,  4-   u,  • 

Acia*.  CjH,0,  =  C,H,<^^[]'Jj  .—Theory  indicate*    the   exi«t«n<!t 

fire  isomeric  acids  of  this  form,  and  of  these  four  are  known,  viz.,  citr 
oonic   and    mesaconic   acids,   which  may  be  derived   from  funiH 
acid  by  interpolation  of  CH,,  and    itacouic   and   paracouio  acidf 
derivable  iu  like  manner  from  maleic  acid: — 


OH.OO.H 
Froni  Fumirio  Add,  I 

(IH.OO.H 


CH, 

FroBi  lUalelo  Acid,  | 

cit'am, 


eii.co.H 

II 

CH 

CH,.CO,H 
Ucsaoonle. 


CH.CO.n 

II 

C— CO,H 

k 

Oltraoonlo. 


C!I, 

II 

C— COJI 

I 

rH,.co,u 

Itaeonic. 


cn. 


HC— CH, 


CH 

„(!^CO,H 
'"-■^ro.H 

Paraeonte  acid.  (1) 


Citraronir  and  itanonlo  acids  are  prodne<>d  br  the  action  i 
heat  on  nitric  acid.  When  crn<Ullif.ed  citric  acid  is  heated  in  a  retort. » 
first  melts  in  its  water  of  crvstallization,  and  then  lioils,  Bivinc  "ff  »«W- 
Afterwards,  at  aU>«t  1750  C.  (347°  F.),  vnjmrs  of  aivlone  distil  over,  ini 
a  copious  disengagement  of  earUm  monoxide  takes  place,  .^t  this  liin* 
the  residnn  in  the  retort  consists  of  aconitic  acid.  If  the  distilUtien  h» 
atill  continued,  carlion  dioxide  is  given  off,  and  itaconic  acid  rrv»tallix<* 
/n  the  neck  of  the  retort.     If  these  orystals  be  repeatedly  dia'tillod,  an 
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Oj  ouaa  «f  oitraoooio  oxide  or  anhydride  ia  obtained,  which  no  longer 
Thcie  deoompositiona  are  represeuu^l  by  thti  foUowiug  ii«|ua- 


C»H,0,    —    H,0    SM    C,H,0, ;  C,n,0,    —    CO,     =    C,H.O, : 

ClUic  ftold.  Aeooitio  acid.    Acoullio  lutid.  Itacunrc  add. 


C,H,0.        —        H,0        =        CjH.O, 
Itacooio  aold.  Cltrncooia 

anhydnde. 


IaItrkcDnio  anhydride  when  erposed  to  the  air  absorbs  rooiature,  and 
i»«frl«i  into  iTvatallittMl  citraoonio  aoid,  Cjll,i),. 

Mraacoaiv  acid  is  pr(>duo<.Hl  by  boiling  itauonio  acid  with  weak 
ilric  aj-id.  Tbt<»e  thrw  iMimeric  acids  are  all  i^onvi-rtt^d  bv  nascent  hy- 
riigwi  into  py  ro  t  artn  ric  acid,  <'jH,0,.  They  alflo  take  iip  a  inole- 
ula  of  UBr,  U(^'l,  HI,  forming  isomeric  monobromopyrotartaric  aviila, 
^UjBrO^,  etc.,  or  of  bromine,  Br,,  forming  isomeric  dibromopyrotartario 
akla.  Itaoonio  and  citravonic  acids  are,  however,  more  iiioline<l  to  these 
ranafonnationa  than  messoonio  acid,  which  la  altogetber  a  more  stable 
MDpound. 

On  subjecting  their  potassium  salts  to  electrolysis,  the  thrt^e  acids  are 
ecompoeed,  yielding  a  liydrocartMni,  C,II„  according  to  the  equation  : — 

tC,H,(CO,H),    =    C.H.    +     2C0,    +     H, . 
,  citraconic  acid  thus  treatwl yields  ordinary  a  1 1  y  1  e  n  e,  CH'~C — CH,, 

rhereas  itaoiuic  acid  yields    iso- al  ly  I  e  lie   or    itll<.<iie,   CU, ^^C3CHj, 

|Ulls  which  are  in  aci^ordauce  with  the  formula!  almve  given  for  thi»e 
l^b.  Mrsawnio  acid  likewise  yields  allylene,  as  might  be  expected, 
Wk  the  hydrocarbon,  C'li:ZCU — CU,,  cannot  exist. 

Itaconic  Add  is  most  easily  prepared  by  heating  dtraconio  anhydride 
rilU  water  to  rw  -14IK3  C.  (2(i(i--2640  F.).  It  crystallizes  in  rln.iubio 
ctohedrons,  dissolves  in  17  part*  of  walur  at  10-^  C.  (."illO  V.),  melts  at 
6|0  C  (3il.tO  K.),  and  is  resolved  by  distillation  into  water  ami  citra- 
onjc  anhydride. 

Citraconic  Acid  crvstallizes  in  four-sided  prisms,  meltitifr  at  8(»o  r. 
IT'i^  v.).  Il  i:(  iiiucli  more  soluble  in  water  tliai)  itnconio  acid,  ami  deli- 
iiii»c«^  on  ex|Kisure  tn  (ho  air.  Its  anliydriib-,  ('sU/*,,  forms  an  oily 
icjUid,  which  ejiaily  recouibines  with  water  lu  form  the  acid. 

XCesaoonlc  Add  fdnns  shining  prisms  S[i»rln}:ty  snliible  in  water, 
»ell»  at  a>t«J  C.  (MHiA'^V.),  and  sublimes  without  decomposition.  It  ig 
Hist  reailily  obtained  hy  the  action  of  heat  on  citrachloropyrotartario 
dd. 

Paraconlo  Acid  is  formed,  together  with  itsmalic  aHd.  C,n,Oj,  hr 
nating  itaehli.ri)|)yrolartario  arid,  (.'ll,ri — ('H.Ctl.Jt — CH^rO,II,  with 
■ler.  It  is  easily  soluble  in  water,  melts  at  7t>o  V'.  f  I.ISO  K.),  and  is 
wolrmt  by  distillation  into  water  and  citraconic  anhydride.  It  unites 
ith  HBr,  forming  itabromopyr'^tttrtaric  aciH.     When  heated  with  alkalies 

takr*  up  water,  and  forms  itamalic  ncid.  f'^HjOj. 

The  constitution  of  paraoonic  acid  is  probably  represented  either  by  the 
inrth  or  the  fifth  formula  above  given  ;  but  there  is  at  present  no  means 
f  deriding  between  the  two.  Moreover,  it  is  not  easy  to  see  how  an  acid 
■▼iBfcita  two  earhoxyl  gronps  associated  with  the  samaearhon-atom  rould 
k  fornied  from  itabromopyrotartnric  acid,  unless  the  reaction  were  aoootn- 
tnled  by  molecular  transposition. 
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Bydromnconic  Add.  C,H,Ot  ac  C,[T«(CO^)^  pmtarad  brlb*  i 

(if  sodiuiii-auial^Kiii  mq    dicliliironiueonie   «ci<],  C,ir  '"  "  " 

Ittr^*^  pri»'m.s,  Hliglilly  aoluhle  iii  ct>lil  MfaU*r.  unil   ii 

F.}.     It  U  couverUxl  by  sixliuiii-auialgam  iulu  s<!i,^...    .^ -•••!*'  , 

unites  with  bromine,  forming  dibrumadipie  acid,  C^ll,iIr,U,. 

3.  Unsatarated  Adds,  (^aH^-^Oj. 

Aoooic  AoXd,  (.'^11,0,. — This  acid  Is  r 
tartarii-  acid  irilli  caustic  WNia.      It  i«  \ 

etlii-r,  and  iTy*lalli«i'!'  from  tlu<  alvolixlic  ■"■•nn 

ing  nwdles.  nicltiiig  at  ir>4-'  V.  (;{(>!». "J^  V.).     I'nn. 

oxpcctwl   to   be  a  bibasic  acid;   but    it  i»  r>-»lh   lu 

bpinK  CsHjOjAg,  and  it*  barium  sail  ((:,UjO,),rSii.  Ttn 
explaiuiMl  by  regarding  lhi<  a«id  a»  an  aniirdnwgcid  fiiuiii 
its  mode  of  formation  being  represoated  bf  the  follow  itig  ngtuUion  : 

,-0 
CH,Bi^-CBr— COOH  UC_-:t*— CO 

I  —    2UBr     =  I 

CH,— coon  H,C— COOH 

Idullbromopyrolnrtarlo  add.  Aeoole  i 


Br  boiling  with  barj'ta-water,  aoonic  aoid  is  resolved  into  fonak  i 
cinio  avids : 

H(biC— CO  H/-— ro.H 

I  +     2H,0     =     II— COlH   +       I 

h/— ro,H  h/— CO^ 

Mnooolo  Acid,  C^naO,,  fornipd  in  like  manner  frnm  TU  niiiiaillpiti 
fnrnu  Ur^H  iryalalit  melting  at    liHO.     [(   j,  nimi'i  •   mr-Htin 

and  in  probably  conxtitutnl  in  a  similar  mauni-r.     i  .  witli  i 

water  it  is  resolved  into  aoetio  and  sucoinio  auida. 


Trlatomlo   Aolda. 

1.  MoMtiiAdic,  •.■„lla,0,. 


TImm  aridg  are  derived  fiTtm  the  triatomio  alrnhnis  C.H,^,  -fjO,  (gl 
by  aubetitnlinn  nf  0  for  U^  in  thn  «ai»«  manner  an  the  a<^icU  of  tJ 
»r<rie!«,  C^Hft,''',  from  tin'  plyiol",  <'„ll„+,0,,     Thi-re  ijt,  howover,  l>al  < 
acid  of  the  i«erip9  nt  prtwcnl  known,  vix. : 

Olyoerlo  Aold,  f<iH,<),  (dioxyproplonlc  add),  wlUcb  la  i 
the  gradual  oxidation  of  glycerin  witli  nilriu  add : 

cn,.OH  nx,.ou 

CH.oH     +     0,      t=      n,o      +      rii.fin. 

Ctlj.OH  iWoH 

tUo  by  heating  glyonrfn  to  irNiO  tn  a  aaaled  ldh»,  with  Virom(o«  and  i 
CjHdO,    +     2Br,    4-     11,0    >-    4UBr    +     C,H,0,. 
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»re  it,  nitric  ncid  (spfcifli'  gravity  l..')),  i«  jwiirfKl  tlirougli  a  long- 

jlunnel  tu  the  Ixittoiu  of  n  tall  glass  Jar  ixiiitaiiiing  )(lyiH-rin,  diluted 

[  (H}ual  bulk  of  water  (100  graius  of  glywrin,  100  of  waltr,  and  lOO 

^  rod  uitrie  aiid,  are  good  proixjrlioim).     The  two  layers  of  liquid 

ly  mix,  and  assume  a  blue  iHilur,  ami  the  oxidation  of  the  glycerin 

■,  accompanied  by  mpious  evululinu  of  gas  ;  if  the  liquid  Iie(»ime8 

\  the  actiou    uiust   be  moderated    by  external   cooling.     When   the 

I  completed,  wliich  takes  five  or  six  days,  the  acid  liquid  is  evnpo- 

rup,  diluted  with  water,  saturated  at  the  boiling  heat  with 

\  Rmall  quantity  nf  milk  of  lime,  and  then  tiltered.     The  con- 

Itrate  deposits  oakium  glycvrale  in  warty  crusts,  from  whirh 

erin  acid  may  Iw  separated  by  boiliug  with  oxalic  a<:id.     The  liquid 

r>m  the  calcium  oxalate  is  iKiiled  with  lead  oxide  to  remove  any 

r oxalic  acid,  then  treated  with  hydrogen  sulphide  to  pretiiiitale 

alved   lead,  and  the  tiltered  liquid  is  evaiK>rnle<l  over  the  water- 

rio  acid  when  concentrated  ia  a  colorless,  nncrystallisalile  syrup, 
Itibln  in  water  and  in  alcohol.  Heated  above  140°  C.  (284^  F.),  it 
BtrxMed,  yielding  water,  pyruvic  acid,  and  pyrotartario  acid.  Ry 
^itb  potash  it  ia  resolved  into  acetic  and  formic  acids  ;  by  boiling 
pieous  potaah,  it  yiehls  oxalic  and  lactic  acids,  and  by  the  action 
pborua  io<li<le  it  ia  c<mvorted  into  S-iodojiropioiiic  acid. 
Betallic  glycuratos  are  soluble  in  water,  and  cryfilalliie  well.  They 
[rwldened  by  ferrous  salts,  and  are  thereby  diBliuguished  from  tho 
,  (r<mi  which  they  differ  oidy  by  the  elements  of  water.  Tho 
^(t'^H5l),),Ca4-  'J11,0,  usually  crystiillizes  in  mulular  grooi>6  of 
lly  soluble  in  water  ;  the  leoi'  salt,  (Cjlljft,J,Pb,  in  but  slightly 
|in  water. 

tfAy/i'c  etkfr,  C^HjOj.CjRj,  obtained  by  heating  glycerin  with  al«o- 
Dhol,  is  a  thick  liquid,  having  a  spuoifip  gravity  of  1.193  at  (X^,  and 
at  230Q-J40C'  C.  (448Q-4i>40  K.). 

loglyocric  acid,  CH,.NHj — f'll.Oll — C0,0I1,  or  serine,  is 
by  boiling  sericin  or  silk-gelatin  (7.  r.),  with  dilute  siilpburio 
forms  hard  crystals,  soluble  in  water,  but  insoluble  in  alc4>linl 
er.  It  unites  both  with  acids  and  with  baaes.  Nitrous  acid  oon< 
f^iuto  glyctiriu  acid. 


Anhydrides  of  Glyceric  Acid. 
rrlo  or  Pyroracemic  Add,  0,0,0,  =  0<^ 


CH, 

I 

CH      , 

I 

co,n 


or  CO 


^;o,H- 


1  anhydro-acid  is  formed,  together  with  other  products,  by  tho  dry 
poD  of  glyceric,  tartaric,  or  raccmio  acid  : 

C,H.O,    =     C,HA    4-     U,0 

bC,H,0,    =     C,H,0,    +     CO,    +     H,0: 
ainxd  pure  by  redistilling  the  product  several  times,  and  colleit- 
the  portion  which  passes  over  In-tween  Iti.lO  and  170O  C.  (:fi!t3- 
l).     it  is  a  yellowish  liquid,  easily  soluble  in  water,  alcohol,  and 
nmella  like  acetic  acid,  and   Ixiils  with   partial  decomposition  at 
fCK*.       It  is  monobasic,  and  forms  salts  which  crvstallize  well,  pro- 
bat  beat  is  avoided   in  their   preparation ;  but  their  solutions,  if 
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uvBporat<Ml  by  heat,  le«»e  gtmiray  ancrjstAlliubU  salu,  »hk<i  yW 

syrupy  non-volalili'  nitxlillr^tion  of  the    -     '    '  '      ■  -  '  ■    -mnl  wImo  \ 

aqueous  Koliiliuii  uf  tlid  »ri);itial  acid  is  '  Fhii  •yrapr 

Boi'i,  which  in  probably  a  polyincTic  moU.: ..    .    ^    . .     :    by  ItcU  I 

carbon  dioxiilB  and  pyrolnrtaric  aoi'l,  2(',H,<  I,  =»  Cn,  -f-  t'jl|,0^ 

Hyruvio  aoiil  is  convrrtwi  l>y  nascimt  hyilroijim  lnt<i  ofilinst  v  I»rtti- 
CII,—-t'llOII— coon,  and  may  thiTofor.'U.  regaril«1  ai« 
latiit  to  lactic  acid  in   tlu-  samo  iimnnor  as  diuii*lhyl-k'  . 
8iH<ondary  propyl  alcohol,  an  roprmeDlvd  l)y  the  8t)0>nd  of  the  catuatilul. 
formulnn  given  ou  p.  757: 

(■H,__CO— ('II,  CH,— riion_<-H, 

Dlincttiy)  ketone.  PscMiloproiijl  itl(?«ihnl. 

Cll,_CO_COOH  CU,— Cllii||_((X»U 

Pyruvic  acid.  «-Li>clL<  ncitl. 

«  reaction,  howovt-r,  ajTrPi^  equally  well  with  th>'  flrsi  furmuU 
repriweiits  pyruvic  acid  as  an  aiihydride  of  glyceric  acid,  front  wt 
(urmed  by  actual  dehydration. 

Fvruvie  acid  ig  convened  bv  phrwphonis  ptntaohloride  into  dletkla 
ploilic  chloride,  CUjCl— ClICl— COCl ;  by  hydrochloric  aciil   M   IW 
oarbon  dloxidu  and  pyrotartarie  aoid  ;  by  oxidixiiig  agunlB  into  oxall«  mUt' 

by  boiling  with  baryta-water  into  uvitic  acid,  C,H,0,  — C^H,  I  JJ?J  _. 

an  acid  lu.<lon(;iM^  to  Ihe  aromatic  group. 

The  pyiuvalfK  crystallixe  well,  provideil  that  heal  li 
preparation.     The  wk/ihw  mil,  CjUjOiNa,  forms   lar^e   u: 
Tho  Iraii  tall,  ((',H,U,),Pb,  i»  a  crystalline  precipitalv.      i  Or   laircr 
also  crystalliDu. 

Oxypymvlo  or  Carbao«toxyUc  Aold,  <  'ill.i,  or  C\f 

isotneric  with    iiialtiiiic  acid,  16   lut-no*tl    tiy  lieating  ^chl' 
with  exceits  of  silver  oxiile: 

0H,ri.('H,.CO,ll  4-  3.\g,0  »  CH,OH.C0.CO,A|{  f  AgCI  +  JAg,  +  I 

It  foriiM  a  ayriip,  easily  solnble  In  wat<T  and  in  ethor.  It  kt 
it«  Ixirium  mill  cryHtallili«  in  spherical  nixiulen  ;  tUulmd  tatl  is 
line  «o//  ill  shilling  hc'iIcm. 

The  acid  in  converted  by  naaoeiit  hydrogen  into  glyceric  »eU, 
hyilriodic  acid  at  200^  C.  (3920  y,)  into  pyruvic  acid. 


TKIATOmC   ASO   niDABtC   ACIDS. 

The  ncidd  of  thin  nerien  may  Im<  formed  from  tliwo  of  tli"  oxalii-  nr  t 
cinic  neriiii,  '■,ll.„(<'"rn)„  hy  auhettitution  of  Oil  for  H.     Four  of  the 
At  pnoeut  known,  vii. : 

Tartronic  acid,  C,n,0,.  Oxvi)vrotartarlc  artd,  C,I1,0,. 

Malic  acid,         C,ll,0,-  Oxya-Jlplc  aidd,  C,U„<V 

Tartrenle   Aetd,  C:H(0U)<^^'[|  (oxymalonla  »ei'1>    i- '■ 
by  tho  aotioo  of  nascent  hydrogen  on  me«oxall«  aelil  (p.  747) 
CO(CO,H),    +     H,    —    CHOHCCO.n),; 


MALIC    ACID. 
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■Iiobjr  spontan<w>iiB  decnmpositinn  of  dinitrntartario  aciii,  when  its  aqueoiia 
uluiiou  19  left  to  <-va])«rntr.  t)ie  il(<<.'oiiip<i8ition  being  atlend«d  nitb  uvolu- 
tfaM  of  carbon  ilioxiiltf  and  nilrogeii  diuxidu  : 

^Cyi,(O.NO,),(CO,U),    =     CUOU(CO,li),     H-     CU,     +     N.O,. 

■onic  acid  cryntallizi-s  in  largi'  prisms,  wliieli  im-ll  al  ITflO  C.  (347° 
arc  resolved  at  higher  luuiiH-raturus  iiitu  carbon  dioxide,  water, 


C,HA 


CO,    4-     H,0    + 


UIlo  Aeia.  C,H.O.=  C,H,(OH><[;;;»{{=CH(OH)<^^=Hj,(j^jj  , 

— -"->  nriil. — ^This  acid  is  fiirmud  gyntliutiually  by  the  atlion  of  moiiit 
le  ou  broiuotiui'4;iuio  acid  : 

'-C^H,Br(CO,U),    +     AgOfI     =     AgBr     +     C,lI,On(CO,H), . 

Ri  also  proilucwi  by  deoxidntion  of  tartaric  aci<l,  (',(!,0„,  with  liydriodic 
acid,  and  l>y  the  action  of  utlrotis  at-id  on  iispartio  ncid,  ('(IIjNO,  (nniido- 
•occinii-  acid),  or  on  asparagin,  C,II,Nj(J,,  wliiili  is  the  nnii<lf  of  the  latter  : 


^U(NH,)<J^^-^» 


CO.OH 


Aapartic  acid. 


+     N.    + 

CH(NH.)<:Hfco.NH,  +  2(N0.0H)  =   CH(OH)<j:j;;«JJ^ 
Aapamgln.  4.   2N,  +   211,0 


OU 


ou 


■lie   ai-id  is  the  acid  of  apples,  pears,  and    variniiB  other  frnitB  ;  it  is 

oflrn    a»!iociat«l  with    citric    acid.      It    may   be    adTaiitiii,'('OUsly  prepnnd 

I  the  juice  of  the  garden  rhubarb,  in  which  it  exi»t^<  in  largequanlily, 

mpaniol  by  acid  potiusxiuui  oxalate.     The  rhubarl>  dtalks  are  peeled, 

IgTuund  or  grateil  to  pnlp,  which  is  subjected   to  ])resBure.     The  jniie 

at»<l  to  the  lulling  p<jiut,  neutralized  with   ]>r>tn.'>Hinni  carbonate,  and 

nl  with  calciuui  acetate  :    instihible  culiiiiiii  oxalate  then  falls,  nn<l  tody 

noveil    by  Illtrnlion.     To  the  clear   and    neiirly  colorless  liquid,  si^lu- 

[of  lead  ttoetate  i»  added   as  long  »»  a  preeipitiite  continues  to  be   pio- 

1,  and  the  lead  inalate  is  collecte<l  on  a  filter,  waslie<l,  dilluseil  through 

r,  and  d«conipo«ed  by  8Ulphurelte<t  hydrogen.     The  fl!lere<l  liquid  Ih 

faUy  evaporated  to  the  t«n»iBtenc«  of  »  syru]>,  and  left  in  n  dry  atnm- 

iphere  till  it  becomen  converted  into  a  solid  nti'l  somewhat  crystalline  mass 
of  malic  acid.  From  the  berries  of  the  uioiintain  ash  (.S'»rf)i/«  oiini/xiriVi), 
in  which  malic  acid  is  likewise  present  in  considerable  quantity,  especially 
at  the  time  they  Ix-gin  to  ripen,  the  acid  may  be  prepared  by  the  same 
pnioeM. 

Malic  acid  crystallizes  in  pronps  of  colorless  prisms,  Blightly  deliqiies- 
oent  and  very  soluble  in  water  ;  alcohol  also  dissolves  it.  The  nque<ius 
•oluliou  has  an  agreeable  acid  taste:  it  beonmes  mouldy  and  spoils  by 
k—plng. 

»Uc  a»Md,  aa  it  exists  in  plants,  and  as  obtaim-"!  from  active  tartnrio 
from  aapargin,  or  from  aspnrtic  acid  produced  from  the  latter,  exerts 
tatory  action  on  |M>larize<l  liijlit;  [•]  = — fiO ;  hnt  by  the  actiim  of 
DIM  a<-id  on  inactive  uspartic  ncid  (resulting  from  the  diHX>nii>oaition  of 
rlniide).  I'asleur  lias  obtained  a  uiodifiealion  of  nialie  arid  which 
ptically  inactive.  Malic  acid  forni.-d  from  snocinir  ncid  is  also  inactive, 
alic  acid  when  heated  gives  off  water  at  13(KC.  (2(!fiO  P.),  and  at  Mt\0 
"470  K.)  »  distillate  of  maleio  acid  and  nialcle  anhydride,  while  fumarlo 
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acid  remainii  behind  (p.  754).     By  slow  oxidation  with  a  oold  colntkmrf 
potassium  ohroiuate,  it  is  converted  into  tooltric  ncid  : — 

C«H,Oj    +    O,    =    CO,    4-    H,0    +     C,H,0, . 

Nitric  acid  readily  oouvertD  it  intu  oxalic  acid,  with  evulutioo  of  cxrbl 
diiixidu. 

By  tliu  action  of  reducing  agents,  most  readily  by  beating  with  ttn 
hydriiuiic  acid,  malic  acid  ia  re<lii>:ed  tohuoi'iuic  ucid  ;  also  l)y  frniiriiutl 
of  Its  cak'ium  salt  in  contact  with  putrefyiug  cliees«,  auvtio  acid  and  i 
bou  dioxide  being  aUo  {imhIucc*!  : — 

3C,H,0,    =     2C,1V>.    +     C,H.O,    +     2Cf),    +     H,0 , 

The   sodium   iiiilt  of  bromumaliv   acid,  CjIljBrO^,  obtained    by  boiUof;  t 
aqueoiiii  Huliitiou  of  soilium  dibromuiiurciuate,  ((J,U,NaBr,U,),  in  cutiir 
by  boiling  with  lime-water  into  the  calcium  salt  ol  tartaric  acid,  C',ll,<\i 

C.UjBrO,    +     H,0    =    UBr    +     C.H,0, . 

Malic  acid  forms  both  acid  auil  neutral  salts.  Thi»e  formed  from  I 
optically  active  acid  are  likewise  active,  some  Iwiug  dextrtv,  otiiers  le\ 
rotatory.  The  most  characteristic  of  the  malntej  ure  u<-uV  uhuuoki'imi  i 
C,Uj(NH,)(),,  which  crystallizi-s  n-markalily  well,  and  Uoii 
Cj|{jl'bOj.;(.\t|.,  which  is  insoluble  iu  pure  water,  but  dissulvcs  toa< 
siderable  extent  in  warm  dilute  acids,  and  separates  on  cooling  in  brillia 
silvery  crystals  cimtaining  water.  By  this  character  the  acid  may  i*>  i^ 
tinguished.  Aeid  ealcium  iwi/o/c,  C',H,OjCa. 0,11,0,  -J-  HH,t »,  is  alsii  s  vsl 
beautiful  salt,  freely  soluble  in  warm  water.  It  is  pre]>ar(<d  by  dii>»i:>Ivil 
the  sparingly  soluble  iiealral  malate  iu  hot  dilute  nitric  acid,  and  Icavii 
the  solution  to  cool. 

Uiclh^lic  rmilate,  *-',H,(f.'jH,)50j,  is  a  liquid  wliich  is  partially  de«ini|i 
by    distillation,  and    is    converted    by    acetyl    chloride    iiitu   diethyl 

acetomalale,  0,11,(00,11,0) <;JJ;J^J«j^«{j»  . 

Oxypyrotartarlo   Add,   CjH.O,  =  C,Hi(0H)<[;[]'2,  ii  1 

duce<l  by  boiling  dicyanliydrin,  (•,Hj(UU)(CN)„  (p.  «12)  with  alkalU 
It  forms  crystals,  easily  soluble  iu  water,  aloohol,  and  ether,  and  nirlti 
at  IIJ;')"  V.  (:i7JJ  F.). 

Isomeric  with  it  are  four  blba.sic  acids  of  unknown  structure,  calW  I 
malic,  citramalie,  mesainalie,  and  oxyglutaric  acids. 

It  a-  anil   mesamalic   acids    are  formed  by  boiling  the  ror^ 
ing   ciduropyrotartaric   acids  (p.  751)  with  water   or   solutiuu  uf 
carlwnate  : — 

c,H,ci(co,H),   +    H,o  =   nn  +   c,n/oii)c(^,H),. 

Both  form  deliquescent  eryslnls,  melting  at  80O  C.  (140O  K.). 

Citramalio  acid  is  priMiuceil  by  the  a<<tion  of  sine  on  chlnmrjt.. 
malic  acid,  CjHjCIOj  (formed  bv  addition  of  hvpochlorous  acid,  ClOll,  i 
oitraeouic  acid,  CjH.O,).      It  is  a  deliquescent  mass. 

Oxyglutario  acid.  C,I1,(()1I)K„  pnxliicwl  by  the  aclion  of  ailf 
acid  on  amidoglutaric  acid,  Cjli,(Nllj)0„  crvstallix.^  with  difflcultv.  i 
is  couvorted  by  hydriodio  acid  into  gluUric  acid  (p.  750). 

AiHiiloglulnrie  aeid,  or  Glutomc  add,  CjH,(NH,)0,  =  C,Uj(Nn,)<j3j^ 

occurs,  together  with  asparlio  acid,  in  the  molasses  of  lugar-liect,  ami  I 
formed  by  lioiling  albuiniiKms  Ixxliea  with  ililute  sulphuric  acid.  It  fort 
shining   rhombic  M'tohinlroiig,  nunlerately  soluble   in  water,  iiisolul>l(> 
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"JCl 


hoi  mkI  ether,  moiling  with  partiul  deconipcisition  at  140O  C.  (284'^ 
It  uuil«s  butli  wilb  basus  luid  wilU  uuids,  uiid  is  couvert«l  by  iiilruu!! 
i  into  oxjrglutkrie  aciil. 

>X7adlpic  Acid,  <.",H,o<\  =  C,H,(OH)<^J]-||,,  is  a  di-liquescent  mass 
bv  tlii*  acliuu  ut  uiuibl  aiivcr  oxide  uu  uiuiiobi'umudi|iie  acid. 

leic  Add.  l\H40j  =  Cjll(l)l[)<^,J^'U  ,  U  an  unsaturated  tri- 

lic  aud  bibaiiic  arid,  proiiuixfd  hy  tht*  aotiuu  of  silver  oxidt)  on  brttmo- 
I  »4-id  (p.  754).     It  cr.vslalliitin  in  slfiider  lu-edles,  easily  soluble  in 
ali-oliol,  aud  ether.    An  acid  isumeriu  with  it  is  formud  rrum  brum- 
ieic  a4:id. 


TBIATOXIC  AXD  TBIBASIC  ACIDS. 

Only  one  saturated  add  of  this  group  is  known,  viz. 

rricarballyllc    Acid,    C',"/'«  =  f'3Hi,(''"jH)„   ivliich    is    proT 

I:   1.  B>-  heating  ullyl  tiilfromidc,  (.■ll^Hi- — (llllr — (:ll-|lir,  with  |H)ta»- 

i  cyanide,  and  deujiupoiiiug  the  resulting-  iricyaitliydriii  with  potash  : 


CU(CN) 
CU,(CN) 


+    3KU0    =    3C.NK    4- 


fH,.CU,U 
Cll.CO,!! 
CU,.CO,H 


3.  By 


,  By  the  at'tion  of  aodium-anialgam  on  acoiiitic  acid,  t',11,0,. 
Dction  of  citric  acid,  C^H^O^,  with  UydriiHlic  acid. 
Vicarbnilylic  acid  crystallizes  in  colurleHs  r)i<iuiliic  pritiuiit,  easily  solu- 
I  in  water  and  alcohol,  slightly  soluble  in  elber.  The  tricurballylntes 
he  alkali-iuetals  are  easily  soluble  in  water,  the  rest  insoluble  or  spar- 
ry soluble,  The  rlliglir  rilirr,  ('^((^(('O.Ot',!!^)^,  is  a  liquid  boiling  be- 
en 285^.  and  305O  f.  (oW^-IMO  V.). 

Tlir  following  tribasic  acids  are  unsaturated  compounds : 

Aconitio  Acid,  C,H,O,=3C,n3(r0,n)j,  exists  in  monk's-hood 
nt'tum  ya/iflliu),  and  other  plants  of  the  same  genus,  also  in  Kr/iiuetum 
\tilf,  and  is  one  of  the  prcHlnets  obtained  by  the  dehydration  of  citrio 
(p.  363);  C.II,0,— H,0  =  C,HA- 

lien  oryslalliz<>d  citric  acid  is  heali^l  in  a  re(<irt  till  it  begins  to  become 
fed,  and  to  undergo  decomposition,  and  the  fused,  glassy  i>r<Hlnct,  after 
linft,  is  dissolved  in  water,  aeonilic  ai-id  remains  :is  a  white,  C(tnfu8e<lly 
matlioe  mass,  which  m.iy  be  jmrified  by  converting  it  into  a  lea*!  salt, 
1  dwromfiosing  the  latter  with  hyilrogen  sulphide, 

Ironitic  acid  crystallizes  in  small  Inuiin.T,  very  solulile  in  water,  aloo- 
■nd  ether.  It  melts  at  14f^'  <\  (2^*40  K.),  and  d»'coiiijii»i.»  at  a  higher 
Hfierature  into  oarb<in  dioxide,  itaeonie  acid,  and  citraconic  anhydride. 

piit  hydrogen  converts  it  into  tricarlmllylie  a<'id. 
kconitic  acid  forms  three  scries  of  salts.  The  Irrliiiry  Iraii-mlt, 
IjO,),Ph„  is  insolnble  in  water.  The  mlriiim  mil,  {i\\\^('>,)ji'!i,-\-f<\\f>, 
eh  is  sparingly  soluble,  occurs  abundantly  in  the  expressed  juice  of 
ttk'a-hood  ;  the  magnesium  salt  in  that  of  E<i»isttum.  The  rtfigllc  elher, 
1,0.(C.HJ,,  ii  a  liquid  boiling  at  aliout  23(P  C.  (45«.80  K.). 
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The  isomeric  acid,  aoooonitic  arid,  formrd  \iy  the  actiun  of  Kilian 
on  ethylic  luunoliromaovtate,  oryHtallixt-s  in  lilendLT  ueiHllc«,  uinl  funu<  silu 
differing  iii  8omu  resiHtcU  fruiu  Ihu  amiiitaUsi. 

CbelldonlO  Acid,  C,n,0,  =  (',H(CO,H)j.  occur?  n^  khIiiiuu  Mil,  j 
to^elhtT  wilh  uiulit-  und  fimiaritr  acids,  in  Chtlutonivm  uhijua,  niiit  16  ti-' 
trBcti-d  by  boiling  tlie  jiiicf,  liltering,  adding  nitric  acid,  pm-ipitnting  wltkl 
lead  iiilrule,  and  dcctmiposing  the*  reiiuHing  lea<l  salt  with  hydrogen  >ul-f* 
phidts  It  crystalline  in  Kilky  uewllxg  containing  1  molecule  of  H,0,  *ytt'\ 
iiigly  rioluble  in  oold  water  and  alcohol.  It  is^  decompoiied  by  Ijrtmiini 
water,  yielding  oxalic  acid,  bromoform,  and  peutabrouaai^touc,  C,HBr,0. 

Meoonlo   Add,  C,H,0,  =  C,HO(CO,H)j  (oxychelidonic  arid),  i»l 
tribnsic  acid  existing  in  opium.     To  prepare  it,  tlie  liquid  obtnif-i  '.'  -t'^ 
h.tusliiig  opium  witli  water,  in  ueutralixed  with  powdere<l  uiaj  < 
oipitat»l  by  calcium  chloride  ;  and  the  i-alcium  uiecvnate  thus  i 
in  suspended  iti  warm  water  and  trenltnl  with  hydrucliUiric  acid  :  uu  < 
iiig,  impure  mecoiiic  acid  crystalliies,  and  may   be  purifle<l  by  rr{x«li4| 
treatment  witli  hydrochloric  acid.     The  pure  acid  cryhtallizus  iu  uiir^liktl 
plates,  easily  soluble  in   boiling,  difficultly  soluble  iu  cold  water,  solal>l*l 
likewise  in  alcohol.     The  crystals  contain   (.',il,t),+  'Ml,0,  and  gi»ii  ofj 
their  water  nt  lOllO;  the  dehydrated  acid  melts  at  lliVO  V..  {'MvS'  P.). 

Meeouic  acid  forms  three  series  of  saltii.     There  are  two  tilirr 
one  yellow,  containing  (",H  AgjO, ;  the  other  white,  consisting  of  C\IL 
Mecoilic  acid  produces  a  deep  red  color  with  ferric  salta.     By  the  i 
aodium-amalgam  it  is  converted  into  hydromeconic  acid,  C,H,QOy. 

Commie  Acid,  C,II,t>j,  is  A  prixlnct  of  deconi]iot>ition  of  tnemnir  iwiit 
When  an  aqueous,  or,  better,  a  hydrochloric  8<iluliou  of  mi-i 
boiled,  carlwn  dioxide  is  evolved,  and  the  solution  now  coni  . 
acid,  which  crystalliies  on  cooling,    being  very  difficultly  sohii 
WHtiT.     The  same  acid  may  be  obtninetl  by  heating  metonic  acid  to| 
(3!i°.5>  F.).     It   is  bibasic:   its  formation  is  represented  by  the 

C,ll.U,=  <'eHA-»'<'tV 

Pj/romrcuHic  or   /"yrocoia^aic   Acid,  CjH,0„  is  a  monolwzir i 
formed  by  submitting  either  comenic  or  meconic  acid  to  dry  dintiIl»ti"B 
one  molecnle  of  carbon  dioxide  being  evolved  in  the  former  case  and  t« 
ill  the  latter. 

Pyrocomeiiic  acid  is  a  weak  acid  ;  it  is  soluble  in  water  and  abniiol! 
from  these  solutions  it  crystallizes  in  long  colorless  neinlles,  which  niellJl^ 
12liO  (.'.  (iiti^  F.),  and   Ix-gin   to  Kublime  al  the  lioiliug   (Kiinl  of  mlrf. 
Both  comenic  and  pyroc<omenic  acids  exhibit  the  r«.>d  coloration  willi  fcrritj 
salt. 


Tetratomio  Acid*. 

These  acids  may  Ih-  di'rived  from  tetratomio  alcolu^ls  by  snlwtftutinn  of  1 
one,  two,  three,  or  four  atoms  of  oxygen  for  a  TOrriisponding  nuiuber  ofl 
hydrogen  molecules : 


CUOH 
CHOH 

cium 

Eryttirfle. 


CH,OH 
CUOH 

cnoH 

C(X)H 

Errllittlin  sctd 

<uiouol"taio). 


COOH 
I 

CHon 

CHOII 

f-CKlH 

Tnrtiinr  Hoid 

^blh/ialc). 
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Onljr  une  t«traiomio  acid  ban,  however,  been  actnally  formed  by  ozido- 
tinii  of  Uin  imrrespouding  alculio),  namely,  erytbritio  acid,  C|H,Oj,  from 
«ry1hrlU<,  C.ll.oO,. 

The  kuowu  tetraUnnic  acids  belonging  to  the  fatly  group  are — 

Erythritic  acid,  C,H,Oj      monoboaic. 

lijiijtyiualouiu,    C,H,(),  1 

Tartario,  ••'«"«'^'«  £    biliaaio. 

Ui>uiulartariu,     <-V'«"«/ 

Citric,  '-'c'^/'t      tribosio. 

Brytbritlc  Acid,  C,H,Oj=  (■,H,(OH)j.CO,H,  formsd  by  the  oxidation 
bf  vrrtlirilf,  <',ll,o*'(  (l>-  *>!>'}•  >D  Bquc-uus  tiolutiou  111  miitact  vtiUi  platiiiiiiu 
blark,  is  a  deliijurscont  crytilAlliiie  mtus,  auil  is  capable-  uf  foruiiiig  ealts 
DOLainiiig  2  mjuivalvnls  uf  metal. 

Dloxymalonic  Acid,  C,U,0,=  C(OH)j<^.Q»y  ,  formed  by  the  action 

t  miiist  ?ilver  oxide  ur  dihrotnomalouic  acid,  ia  probably  identical  with 
Itie  tiydritw  of  mesoxalic  acid  Cp.  747). 

CHOH— CO,H  ,  „„. 

Tarlailo  Aold,  C,H,0,=^  |  =C,H,J  )..^U.  —This 

nU  include!  four  bibasic  acids,  dialinguisbud  frum  one  another  by 

-     ■   ■       '  i)  prijjM-'rtii's,  especially  by  their  crystalline  fonus,  au<l  their 

:«d  li);lit — nniiii'ly,  D  ex  t  ro  tartaric  aci4i,  Hliicti  turiiti 

iirization  til  the  right ;  Levotartaric  acid,  which  tiiriia 

ii  t>quitl  force;  Paratartariu  or  Uauemic  acid,  which 

I- lj  ii'tive,  and  separable   into  e<iual  quantities  of  dextriK  and 

koiila ;  and  an  inaotiva  variety  of  tartaric  acid,  which  iH  nol 

lbs. 

1.  Dbxtrotaktaiuc  or  OnnixART  T.-.btaric  Ann. — Tliis  Is  the  acid  of 
«!/•  s,  laiaarimls,  piiie-applui,  and  several  other  fruits,  in  which  it  occurs 
ixofan  acid  pottwsiuiu-salt ;  calcium  tartradr  is  also  occasiunally 
The  tartaric  acid  of  c^raineroe  ia  wholly  prepared  from  laiiiir 
ol,  an  impure  acid  jtota-ssium  tartrate,  deposited  from  wine,  or  rather 
Fgrape-Juice  in  the  act  of  feriuentaliim.     This  sulwtimce  i.s  purifle<l  by 
"nti  iu  h'lt  water,  with  the  aid  of  a  little  pipe-clay  and  animal  clinr- 
f  to  remove  the  coloring  matter  of  the  wine,  and  subsequent  cryslalli- 
S:   It  then  constitutes  vreain  of  tartar,  and  serves  for  the  preparnlinu 
1  acid.     The  salt  is  dissolve*!  in  lM)ilinR  w.iter,  and  powdered  chalk  ia 
I  M  Vmii  na  effervescence  ia  excited,  or  the  liquid  exhibits  an  acid  re- 
;  calcium  tartrate  and  neutral  potassium  tartrate  are  thnrehv  pro- 
•ud  the  latter  is  separated  from  the  former,  which  is  insoluble,  by 
The  solnlioii  of  potassium  tartrate  is  then   mixed  with  excess 
I  chloride,  which  throws  down  all  the  remaining  acid  in  the  form 
ui  salt ;  lbi«  in  washe<l   and  added  to  the  former  portion,  and  the  i 
l^igeated  with   n  sufficient  quantity  of  dilnte  sulphuric  acid  to| 
Mhe  base,  and  liU'rate  the  tartaric'acid.     The  filtered  solution  is 
pnsly  eV3|)orate<l  to  n  syrupy  consistence,  and  left  to  crystallize  in  a 
1  ploiv.     Lieliig  found  that  tartaric  acid  ia  artificially  produced  by  tha 
I  <>l  nitric  acid  upon  milk  sugar. 

■  jrlc  acid  forms  colorless,  transparent  monoolinio  prisms  often  of  Inree 

[Ibey  are  pvnnanent  in   the  air,  and  inodorous;  tliey  dissolve  with 

)f»i4lily  tn  water,  l>oth  hot  and  cold,  and  are  soluble  also  in  nlcnbot* 

latlon   rwldens   litmus  strongly,  and   has  a  pure  acid  taste.     TK« 

1  solution,  as  above  mentioned,  exhihils  rigbt-hai\Ats\  yAM\taA.\"V\. 
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I  Thin  solution  is  gradnally  3p<:iilv<l  by  ki-cping. 

l»t    I'iuO  (.;,  {^"aO  K.),  18  IMJIIVlTletl   /il    J7i'-i  t".   ( 
factiru  iut!80tarUiric  aoid,  aud  wlivu    livutvii  tor  buiuc  tiiui- 
iF.)  gives  oir  watur,  aiiil  ,viel<i8  auliytlrideu  (p.  7t>(>).     Tn-' 
jtiiliiwl  iu  large  quantities  Viy  tlii<  (-jilii:o-pniil«r,  lixin 
VcWIorinv  from  sniutiun  or  blnncliing  powiit<r,  iu  the  y 
ditrJiarytd  puttunu  Ufrau  a  colored  ground. 

Tartrates. — Turtariu  acid,  li<<ing  tctralomie  cud  )>!lii>i.-    Iiiaonljn* 
|li>'clr(>^i-n  ittoui:)  rxplacealile  ity  lut-Utlii,  ttii-  utli><r  IW"  \\n-mHt  \j 

alcoliulic  or  acid  radicU^.     With  luoutui  lUt'laU  II  l>'i  .ut  Qi«^ln.' 

>alu,  C,ltjM'(),,  and  t.',ll«M,0,  ;  with  dvad  Ulutlll^,  ui- 
I  and  doulik'  saIIs,   like  Imrny-polnnsic  liirtrate,    C',H,il 

triml  ni'-lals  it  foruiii  a  pvuuliar  claaa  of  salts,  ImwI  knot^  u  in  tUi:  i.jl»cu(  Ut< 

a>iliiiK)ni/-ttilt  tl'-  VU4). 

Pntuttiam    Tartrattt. — Tli«  nmi/ra/ «ij7(,  r,H,K/)g,  i  niiwl 

f  b,v  ni'Utrnlixing  vn.>aui  of  tartar  witli  clialk,  as  in  Hit-  |>i  (  I2.a 

I  acid,  or  by  saturating  crrani  of  tartar  witli  ixitassium  carU 
enlulile,  and  vryHlallizes  with  ditliiMilty  in  riylit  rlnxiilur  j.r 
I  pLTiuancut   in   the  air,  and  hare  a   bittci 
'  fffom  o/"  for/or,  CjUjKi),,  tlio  origin   and  i' 
I  already  descrilK-<l|  lurnis  irregular  groin.;,  .m  ......m    ii,i.i-|i.ii,  : 

luei^nl   prismatic   crystals  which   grate    lietwiwn  the   ti^'lli.      I 
pretty  freely  in  Uiiling  witter,  hut  the  greater  part  Beparalc*  aa  i 
"i,  leaving  alwut  j'^  or  loss  dissolvi'd  in  llie  iidd  liqut<l.     Ti 
^■cid  reaL'tion  and  a  sour  tatite.    When  ejip^Mi-d  to  heal  in  u 
It  is  deooinponeti,  with  evolution  of  inllainnialile  gas,  l.-a>  r 
finely  divideil  chanoal  and  pure  (Milaxsiuiii  earlionalM,  fnun 
may  he  uxtraoltil  hy  water,     t'renin  of  tartar  in  aliu<Mt  / 
when  tartaric  acid  in  exec.sn  is  adilol  to  a  luoilnratnly  strn 
[  potassium-salt,  and  the  whole  agitated. 

Soiliiim    Tn  rl  ratr  »  . — Two  of  tliiMse  Falls   are  koown^-fl  n-^f/n/  idt, 

C,H,Na,0,  +  2Aq. ;  and   an   mid  null,  fjllj.Nafi,  +  Aq.     I  iMj 

goluhle  in  water,  and  cryf tat lixablc.     Tartariu  aold  and  »>■■•  <(US> 

Lalv  form  the  ordinary  eOerriwcIng  draughts, 

T^itfiHMnim  and  Sitfh'um  tfirlmtf :   /?orA' "      -  ^'  ' '        '•  ^  *T  f»'-r-' 

I— This    tieautiful   salt  in  niB<le  by  ii' ■ 

Itttrtarwith  sodium  carlxmate,  and   ■    ..,    

■  ■yrnp.     II  sepi>rnt<>8  in  Inrire  transparent  rhomi 

{faces  ;  they  effloresce  slightly  in  the  nir,  and   ■!  _  _ 

Itrnter.     Acids  precipitate  crrnm  nf  tartar  frntn  IhnauluUuu.     knwlivltol 
tLas  a  mild  salin»  taste,  and  is  used  as  a  pnrgatIrA, 

Ammnn  iutu  Tnrlrnt  fa  . — The  nmitmt  tnrtmtf  is  a  solnWi*  anH  ^Itlnr^t 

,<!«,|.»li    .-ni.iHinii...  (■  H  f\lt   1  n    -i_  *..       Tl. .-Vfarfmr*.  C,lij(Nd,)fl 

|clo<»  inalogoiw  v  Rocba' 

|«nlt   m:  mi. 

The  tnrlrklen  of  t^il^ium,  iMiriam,  itrnnttnm,  mnfnrjuum,  aiu}  uf  BM»t  sf  IW 

liearr  inctalB,  are  Insoluble,  or  nearly  so,  tn  trater. 


Pflta  aitin-nulimfiitinu» 

,  In*  loilini?  Bntin>"'iv    Irw.Yr.l.- 

"f/iini  a  lint   an. I 
dvn  without  '1 


Tnrlratp,  nr 
ill  Holiitiiin  ti(  11 
Mition  in  1 1 
M    \fi    parte 


'I'nrtnr  rm'lir,  i*  »MX\y 

.-'kill  i.r  tirlrir        II    1^     I 
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,T»  &n  acrid,  extremely  disagrueitblt)  metnUio  Usto.  Th«  Boliition  is 
li,v  both  aciiU  and  alkaliiM  :  the  furmor  tlirnws  down  a  mix- 
crcont  of  tartar  and  antimouy  trioxiilu,  iiiul  th<!  Inlli-r  the  triuxide, 
ain  ilisaolved  by  great  envss  uf  the  ruagunt.  Sul[)hiirftti'd 
p.ir.il'-s  all  the  aiitiuiiinv  in  tlie  state  of  trisulpliide.  Tln'  dry 
uu  charcoal  before  the  blowpipe,  yields  u  globule  of  lueliiUii; 
The  crystals  contaiu   2(\ll,K(SljO)(», -f  A4.,  the  groui)  SbO 

univalent  ra<Ucle,  and  replauiu);  one  atom  of  hydrogen.     When 

at  1000,  tlicy  give  oil  their  water  of  crystallizatiou',  and  at  20t^-'  C. 
JP  v.)  au  additional  molecale  of  water,  leaving  the  compound,  (-'«II,K 
0)Oj,  which  has  the  cou-itituliou  of  a  salt,  not  of  tartaric,  but  of  tar- 
io   a<:id,  C,H,t),.     Nevertheless,  when  <lissolved  in  water,  the  crystals 

rtaJte  up  the  elements  of  water,  and  reproduce  the  original  salt, 
analogous  couipouud,  containing  arsenic  in  place  of  antimony,  has 
obtained.     It  has  the  same  crystalline  form  as  tartar  emetic. 

iilution  of  tartaric  acid  dissolves  ferric  hydrate  in  large  quantity, 
bg  a  brown  liquid,  which  has  an  acid  reaction,  and  dries  up  by  gentle 
to  a  brown,  transparent,  glassy  sulistance,  destitute  of  all  traces  of 
tHiaation.  It  is  very  soluble  in  water,  and  the  solution  is  not  pre- 
lUtl  by  alkalies,  either  IIxi.mI  or  volatile.  Indeed,  tartaric  acid,  add»i 
lent  quantity  to  a  solution  of  ferric  oxide,  or  alumina,  entirely  pre- 
the  precipitation  of  the  liases  by  excess  of  ammonia.  Tartrate  and 
Utaoal  tartrate  of  iron  are  used  in  mixlicine,  these  couiiwuuds  having 
diaagreeable  taste  than  mo«t  of  the  iron  preparations. 
llions  of  tartaric  acid  give  with  lime  and  baryta-water,  and  with  lend 
«,  white  precipitates,  which  dissolve  in  excess  of  tlie  acid  ;  with 
trsl  calcium  and  barium  salts  no  change  is  productKl.  Silver  nitrate 
iluon*  in  neutral  tartrates  a  white  precipitate  of  silver  tartrate,  wliirli 
,r<is  in  ammonia.  On  gi-ntly  heating  the  solution,  a  bright  melallio 
It  of  silver  is  forme<l.  The  reaction  of  tartaric  acud  with  soluiioua  uf 
luu  salts  has  been  already  noticed. 


Idiro 


rtario  Ethers.— 1.  Tartaric  acid  forms,  with  tnoiiatomiu  alcohols 
lele*.  a<^id  and  neutral  ethers,  in  which  one  or  Imtlt  of  the  atoms  of 
if  hydrogon  in  its  molecule  is  replaced  by  au  alcobot-radicle.  Thuso 
tiwunda  may  be  formulated  as  follows  : — 


Iha 


<c.Ho{r'' 


( (OH), 
(C.n,)  y  r<\ll 
((•(V\ll, 

Aotd  ethyl  lArtrnte 


fc  in  I  (""^' 


Neutral  ctlijrl  tartrate. 


1  (CO,H), 
Tartaric  acid. 
■Id  etherx  are  rannobasio  acids,  formed  by  the  direct  action  of  tartario 
'i  on  tho  respective  alcohols  ;  the  neutral  elliera  are  fornic<l  by  passing 
IrocliUiric  acid  gas  into  a  solution  of  tartnrii'  arid  in  an  nUfihol.  Kiirllier 
treating  these  neutral  ethers  with  cliloridi-s  of  aiid  radirl.-s,  other  iieu- 
1  others  are  formed,  in  which  one  or  more  of  the  alcoholic  hyrlrogi-n- 
itmi  are  replace.!  liy  acid  radicles.*  In  this  manner  are  formird  sucU 
apoanda  as  the  following  : — ■ 


I 

r 

I 


'^  '')(fxV,H,).  )(Coc,H,),    (<^'"'>(«o,r,uj. 


Elhrl-acelo-larlratc. 


Ethylxeelo-bcazu- 
tartrale. 


Ethyl«iii'Cino- 
tarirnic, 


li«  alcMiholic  hydrogen  in  these  neutral  ethers  may  be  replaoed  bypotMI- 
Ijunand  sodium. 

•  P  e  r  k  I  n ,  Ohem.  Soo.  Journ.  (J],  v.  IM. 


pouuHSium  sail,  wniou  ih  vury  buiuuid  iu  wBwr. 

laiulive  Utrlaric  aciii  is  miicli  luort'  sulublv  in  wnti-r  Uian 
tnric  or  raceniie  aoiJ  (10  piirts  of  it  dissolve  iu  8  jjsrts  of  w, 
(.■)!*0  K.))-  ''  "J"^"*  ""^  delleot  tlio  plane  of  jxilniiaintiou,  b 
r»c«iiiic  acid  in  not  ttviug  rvsolvaUlu  into  tin-  two  nctiv 
houtod  to  17UO  C.  (33tP  P.),  however,  it  is  vouverted  ^ 
acid. 


UOMOTABTARIC   ACID,  C,H,0,  =  C,n,(OH),<^*^J^  , 

is  known,  is  form(Hl  from  dibromoii^-rotjrtaric  acid. 


1 


Rhodisonic  Aoid,  C.H,0,. — Wln-n  potassinm  is  heated 
dry  carlxin  nmnoxidi!,  the  latt<>r  is  alKiorbed  iu  large  quantit, 
jwiroua  sulKitanc«  pent-rated,  which,  awonling  to  Bnxlip,  o 
Rrought  iu  contact  with  water  it  deconifioaus  with  great  viol< 
the  dry  sulwtancm  occasionally  ex|il(id<*» ;  when  anhydrc 
poured  upon  it,  a  great  elevation  of  temperature  onKU«>s,  bi 
]H>sition  is  far  less  violent  than  with  water.  The  product  o' 
18  potassium  rlxxlizonate,  which  remains  as  a  red  po^  ~ 
alcohol,  hut  soluble  in  water  with  a  dit-p  red  oolor. 
contains  CjH^K/t,. 

When  solution  of  potassium  rhodizonate  is  boiled,  it  be< 
yellow  from  decompoaitiiin  of  the  a<'id,  and  is  then  found  U 
IKitash,  and  a  salt  of  Croconic  acid,  ('jH,Oj.  This  ad 
litted  ;  it  is  yollnw,  easily  crystallizahle,  soluble  boUi  iu  vate 
It  is  likewise  bibnsic. 

CI  trio  Acid.  C.n.O,  =  <'A(0"),(CO,n),.— This  ad 
in  large  quantities  from  the  jnice  of  lentous  ;  it  is  found  ii 
frnits,  as  in  gooseberries,  currants,  etc.,  in  conjnnotion  witl 
To  prepare  it,  the  juice  is  allowed  to  ferment  a  short  time, 
mucilai;e  and  other  impuriti<>9  may  separate  and  suliside ;  th*  ■ 
then  carefully  saturated  with  chalk,  whereby  insoluble  caloi 
produced.  This  is -thoroughly  washed,  decomposed  by  the 
ti«.  nf  ...i-v...:.  ..u  jsi..>.ui  .^th  _«*.»   •«<•  »h^  ■<«■«>■  »■»« 
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oaght  in  contAot  with  putrid  fleah  as  a  feruii-iit,  yields  butyric  acid  and 
tU  qu&ntitie$  uf  tucuinic  acid.  It  iB  eiitirKly  deuompostHl  whun  liealed 
ilh  aulpliuric  and  uilriu  acids:  (he  latter  mnvert^  it  into  oxalic  acid, 
instio  potaDh,  at  a  high  tvmpuratun*,  rcsuh'cs  it  into  auvtic  and  oxnlio 
\'li.  The  alknlino  citralvs,  treated  with  vhloriue,  yield  chloroform,  to- 
itirr  with  other  jirodiirls. 

t'itric  aciil  is  tetratomic  and  tribsaiu.     With  pnliistium  it  forma  a  neutral 

•alt    (vntainiu^    <_',lljK,0,,    and    two   acid    saltji    coiitaiiiinj;    respectively 

'    "   '^'  "     'id  C,II,KO,;  and  siuiilnrsiilt.s  with  the  other  alkali-metnls.   With 

>  it  chielly  forms  sull.-  in  whicli   two  or  three  hvilnigen-atoniH 

rule  ',11,1  •,,  are  replaced  hy  metnis  :   with  ial<ium,  for  example, 

llbmu  the  Baits  f^Hjt.'aO,  -f  11,1  >  and  (C',!JjO,)jCn, -|-  U,(».     With  Uad  it 

two  salts  siioilur  in  constitution  to  the  caluiuiu  salts,  and  likewise  a 

rapluuibic  salt  containing  (C',II/i,),Pli,.PhH,U,. 

I  The  citratt^s  of  the  aUall-melah  are  soluole,  and  crystallize  with  greater 

leas  facility  ;  those  of  Imrium,  strontium,  eulcium,  laid,  and  *iVi'er  are  in- 

lable. 

I  Citric  acid  resembles  tartaric  acid  in  its  relations  to  ferric  oxide,  pre- 
•Qliug  the  precipitation  of  that  substance  by  excM'ss  of  lunmonja.  The 
rate  obtained  by  dissolving  hydruted  ferric  oxi<lo  in  solution  of  citric 
1,  dries  up  to  a  pale-brown,  trnnsjiarent,  amorphous  mass,  which  is  not 
ry  soluble  in  watur -,  an  addition  of  amuioniu  imreasos  the  Mihtbility. 
rate  aud  ammonin-citratQ  of  iron  are  used  as  niediciiiu!  prepHratious, 
Citric  acid  is  sometimes  adulterated  with  tartaric  acid  :  the  fraud  is  easily 
ktecteti  by  dissolving  the  acid  in  a  little  colil  water,  aud  adding  to  the 
lution  a  small  quantity  of  (lOtiLssinm  acetate.  If  lartiirtc  acid  lie  present, 
Ifaite  crystalline  precipitate  of  cream  of  tartar  will  bi^  priKluced  on  agi- 
liun.  Citric  acid  is  further  distinguished  from  tartaric  acid  by  the 
cters  of  it.1  calcinm  salt.  An  aqueous  soliititm  of  citric  acid  is  not 
nipitated  by  lime-water  in  the  cold,  but  on  boiliuga  precipitate  is  formed, 
Dsistiug  of  tricalcic  citrate,  insoluble  in  )HiIii>ih-lye  Calcium  tartrate, 
I  the  other  hand,  dissolves  in  alkalieti,  and  is  precipitated  thvrofrum  as 
"Hly  on  boiling. 

l"itrir  aciil  fonus  ethers  in  wliich  1,  2,  or  3  hydrogon-atoms  are  replaced 
fmethrl  .•indothermi>n;id  ulculml-radiclcs.     The  neutral  elhers  are  formed 
'  passing  g-isi-ous  hydrogen  chloride  into  an  alcoholic  solution  of  citric 
The  friW//iy/i> c'/irr,  r,H,(OH)(('();.('Hj),  is  crystalline;  the (rir/Aj/ic 
ImiUi.  with  partial  de«impositi<iu,  at  about  2S()0  f.  (53ti'3  p.). 
By  treating  these  neutral  ethers  with  acetyl  chloride,  the  alcoholic  hy- 
gen  mav  also  lie  replaced,  and  triethvlic  acet  oci  tra  te  ,  CjH,(t). 
I.O){CO,C,Hj)„    priMiuced,  which    tioils   at   28t>o  c.   (hbO.A^  K.).     Hy 
tting  the  same  ethers  with  uitrio  acid,  the  alcoholic  hydrogen  may  bo 
•  by  NO,. 


Pentatomlc  Actda. 


|Of  these  only  one  is  known,  viz.,  the  bibasic  acid— 
Ipoiorbio   acid,    CJIjO,  =  tyij(r)H),<^J*'{|  ,   which    may  be  re- 
lied as  a  txioxypyrotartaric  acid.     It  is   produced  by  oxidizing  sorbin 
th  nitric  acid,  and  crystallizes  in  small  laroinie,  easily  soluble  in  watefi 
1  melting  with  deoompoaitiou  at  alxuit  1I(V  C.  (231N'  F  }. 
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Hexatomlo  Acids. 


1 


Oluconlo  Aold,  C«H,,0^  =  CjH,(OH),.CO,n,  is  obtained  hj  vA 
Ailing  gru|ie-8Ugar  wilU  olilorinu  watt^r  and  ri^moving  the  c)i)>rn'n«  *tli 
silver  oxidt>.  It  is  a  min-crvKlallizalilt-  syrup,  easily  soliiMe  in  water, ati 
nearly  iniioluhU*  in  almliol.  It  is  monobasic.  Its  calcium  and  Uirims 
Halts  and  the  othvlic  rtlifr  crvstallize  well :  the  formula  of  the  caldon 
salt  is  (f,H„0,)jCa  -f  211,0. 

Mannltlo  Acid,  C,H„0,  =  C,H,(OH)3.CO,n,  is  prodaoed  bj iio- 
datiun  of  maunitu,  (^'|lt,,<J„  under  the  intlnence  of  platinum  black.  II  os 
gummy  muss,  soluble  in  water  and  in  aloohol,  iusoluble  iu  ether.  .\nxrd> 
iug  to  its  modt)  of  formation  it  might  be  expected  to  be  iuonoba«ic: 

Mnnnite,  ril.OH— (ClIOH  1,— CH,OH 

Mannitie  acid,  CU,011— (CUOU),— CCK>H  ; 

but  from  the  observations  of  Gorup-Bisanez,  who  tliscovered  it,  it  apptan 
to  be  bibasic,  its  potassium  salt  containing  C,lI,gKO„  and  the  valcioa  ail, 
C.U..CaO,. 


=  (C.Hj{(^!)t.= 


Bacchaiio  Acid,  C",n„0,  _  ^,^,..^  ,  ^^^  jl    . 

CO.OH— (ClIOH),— f;0.011.— This  acid  is  produced'  by  the  action  of  dilnto 
nitric  acid  on  oauo  sugar,  glucose,  milk-sugar,  and  mauiiito,  and  is  ofirn 
formed  iu  the  preparation  of  oxalic  acid,  being,  from  its  superior  solubillt,'. 
fuuud  iu  the  mother  liquor  from  which  the  ox.-ilic  acid  has  cryatallittHl.    It 
may  be  made  by  heating  togetlutr  I  part  of  sugar,  2  ]>arts  of  nitric  a 
IU  parts  of  water.     When  the  reaction  seems  terminated,  the  acid  ) 
diluted  anil  neutralized  with  chalk  ;  the  filtered  liquid  is  mixed  W; 
aceLnte;  and  the  insoluble  lead  saccharate  is  Wiishinl,  and  deoomp<' 
sulphuretted  hydrogen.     The  acid  slowly  crystallites  from  a  solm 
syrupy  ctmsistonce  in  long  oolorU-ss  needles  ;  it  hns  a  sour  taste,  a>i 
soluble  salts  with  lime  and  baryta.     When   mixed  with  silver  ni' 
gives  uo  precipitate,  but,  on  the  addition  of  ammonia,  a  white  ih 
aulxttanco  separates,  which,  on  gently  warming  the  whole,  is   rtxl'. 
metallic  silver,  the  vessel  being  lined  with  a  smooth  and  brilliant 
of  the  metal.    >'itrio  acid  converts  saccharic  into  oxalic  and  dextrcit 
acids. 

There  are  two  jiolastiuui  taccharata,  containing  C,II,KO,  and  r.H.K/i, ; 
the  silrer-K(ilt  contains  (-^Ili-^giOg  ;  the  harium^  nuiyntsiiuiij  zinct  and  rw^-'^t 
milla  have  the  composition  ('5ll,M"0, ;  and  there  arc  two  ttht/lie  etht 
laining  t',II,(C,Hj)0,  and  C",U,((.',H(,)jO,.  Iu  these  compounds  s.i<  ; 
acid  ajipears  to  lie  hibasic,  as  might  be  expected  from  its  constitutiiui,  aul 
mode  of  formation  ;  the  composition  of  the  lead-salts,  however,  seeins  to 
show  that  it  is  sexbasic  as  well  as  hexatomic,  for  Heintx  has  obtainni  > 
lea<l-salt  containing  r,II,PlV|0, ;  but  the  composition  of  the  lead  si«>iliar.>i'- 
Tariea  considerably  according  to  the  manuer  in  which  they  ore  pn  purirl. 

Ditthylk  Saccharate,  C,H,(OH),<[^[[»"^»|'^    ,  is  crystalline,  and  easil; 

soluble    in  water.     .Ammonia  converts  it  into  the  amide  0,11,(011), (CO, 
NU^,  which  is  a  while  powder.     The  ether,  treated  with  acetyl  chlnriJo, 

yields  the  tetracetylio  oompound  C,H,(O.C,H,0),<^J^'J;»y*  . 

Mnclo   Acid.  (".IIioO,  =  C,H,(OH),(CO,H)„  isomeric  with  s.icvh«ri(» 
•uiii,  IS  produced,  together  with  a  small  quantity  of  oxalic  acid,  liy  tl)« 


^ 
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brouirbt  in  onnUct  with  putrid  flc«li  as  a  femieDt,  yields  bntriic  sold  and 
■mall  quantitiifi  of  succinic  acid.  It  is  entirely  decomposed  when  heat«d 
with  siil{ihurie  anil  nitric  aoiils  :  the  Utti.T  conrurtu  it  into  oxalic  acid. 
''  .1  a  hi^h  li-uipcrnturo,  rt»ulv'cti    it  into  ncvtic  and  oxalic 

!;iin  lilr.ili-s,  trcalc<l  with  chlorine,  yield  chlurofuriu,  lo- 

:  .  1  products. 

a<Md  is  t<-trnloiuic  and  tribasic.  With  imtutsium  it  forms  a  noutral 
taining  (°,li^K,0,,  and  two  acid  aaUa  containing  rt-ip«ctivel,r 
•  and(',l!;K<),:  ami  aimilnrsnltd  with  the  other  alkali-iuutuls.  With 
rials  it  I  liictly  foniH  suits  in  »hiijh  two  or  tlirce  hydrogon-aloimi 
lH«  molecule  (',H,<).,  arc  rcpl.tccd  hy  mctaU  :  with  attiium,  for  example, 
It  forms  the  salts  C.M.CaO,  +  Jl,t)  ami  (<.',ll,U,J,(Ja,  +  H,().  With  Uad  It 
f^r-  -  -  tlt.B  sitnthir  in  ixtniftitutitui  tt»  lUe  calcium  salts,  and  likewise  & 
1'  salt  t'oiitainiiit,' ((  ,ll5<),>,PI>i.PliH,t>,. 

^ Us  ot  the  alLiili-mctah  arc  soluolc,  uud  cryKtallixc  with  greater 

or  less  facility ;  those  of  bariuiu,  itroiUium,  calcium,  letid,  and  tilcer  are  in- 
S^nliilit". 

i  •  acid   reseinhlcs  tartaric  acid   In  its  relations  to  ferric  oxide,  pro- 
i  thw  pm'ipitation  of  that  suhstance  by  excess  of  ammonia.     The 
riti  tti- (ilitaini5<l  liy  ilistiolviug  hydriileil  ferric  oxide   in  solution  of  citric 
«cl>l,  drie»i  up  to  a  pale-hriiwu,  transparent,  sinori)houB  m:iss,  which  is  not 
'" —  -  iliilde  in  water;  an  .vldltion  of  aiunionia  increasi-s  the  solubility. 
inJ  annnonio-eitrate  of  iron  are  used  as  medicinal  preparations, 
acid  issouietinies  .idulti'r»le<l  with  tartaric  aciil :  the  fraud  is  easily 
dKt4M't<vi    by  dissolving   the  aoi<l  in  a  littU'  cold  water,  and  adding  to  the 
solution  a  small  quantity  of  potassium  acetate.    If  tartaric  acid  be  present, 
•  white  cryFtalline  precipitnte  of  cream  of  tartar  will  be  producefl  on  agi- 
tation.     Citric   acid    is   further  distinguished   from  tartaric  acid   by  the 
cli  i   itK  calcium  salt.     An  aijueous  solution  of  citric  acid  is  not 

I>|  I'y  liuie-waler  in  the  coM,  but  on  liolliliu a  precipitate  is  fonneij, 

I"  tricAlcic  citrate,  iusolnblo  in  piit.ish-lyu      Calcium  tartrate, 

on  hand,  dissolves  in  alkali<-s,  and  is  precipitated  therefrom  as 

11  iliu};. 

acid  forum  ethers  in  which  1,  2,  or  3  hydrogen-aloras  are  replaced 
v!  mid  ittbi'rinon.id  alcohol-radicles.  The  neutral  ethers  are  formed 
■^  hydrogen  chloride  into  an  alcoholic  solution  of  citric 
'/<-r(/.cr.  (:,ll,((Hl)(CO,.CII,),  is  crystalline;  the /riVfAy/ic 
111,  partial  decoiuposilion,  at  about  280O  C.  (.IStlo  F.). 
.-  these  neutrnl  ethers  with  acetyl  chloride,  the  alcoholic  hy- 
!-■■  le  replaced,  and  triHthylic  ane(  oci  t  ra  t «  ,  C3ll,(0. 
.  priNluci'd,  which  lioils"  at  2S(K3  C.  (3.'>0.4<^'  F.).  By 
ethers  with  nitric  acid,  the  alcoholic  hydrogen  may  be 


rvftlan^  by  KU,, 
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or  lliwe  only  one  is  known,  vin.,  the  bibasie  acid — 

Apoaorbln   acid,    tJl.O,™  C,H,(OH),<[^.^'[{  ,  which    may  lie  re- 

i;ardnl  a*  •  Irioxypyrotartaric  acid.  Jt  is  produced  by  oxidizing  sorbin 
with  nitric  arid,  and  orystalliues  in  small  laminie,  easily  solulile  in  water, 
and  melting  with  decoinposilion  at  about  \U*^  C.  (^Jtt^  F  ). 
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Bexatoaiic  Aoid*. 

Olnoonio  Acid,  C;B,,0,3sC^H«(0tl),.<X>,II.  If  nfitfrimil  if* 
diiing  grafw-eugar  wiiii  ehlcriae  w-ato-  ani)   r*v>mittf  tlw  dilaviaai 
(itrvT  oxide.     It  w  a  nnm-crTtlAUixabl*  symP'  «a>i1jr  «rfatU«  la  v>Mr,l 
aoBrtr  iaaolobln  la  aloobul.    It  it  ■MB»huie.     lu  uaMam  umI 
•alU  sad  the  eth/lie  ether  efjUallta*  veil ,  lUe  fiwmitU  of  tlM 
uit  is  {C,H„0,),C»  +  2U,0. 


I 


II    II   ^  I-  II  tt  ilt\    <Vi  II 


rrvJand  I 
la  liUdu 
I  eiliar. 


Sacchailo  At 


Mannltlc 

•latmn  rif  uiau^ 
gammr  mju*.  r 
iag  to  iU  mode  ot   funuatJon  it  ui%ht  tn  ejtpccteit  io  li* 

Manoite,  CH/)H— <CHOH  t,— f'H  ■ '" 

liuuiUo  acid,  CU,OH— (CIIOB)^  ' 

txit  from  the  obserrstiont  of  Gtira|>-B«aa:i' 
to  be  bibuic,  its  potassium  fait  oootaisiD^ 
C.».,<.aO,. 

old.  t.H.,0.  =  (C.nj{jJ?°>|j  « 

CO.OH — (CUOH),— CO.OU.— Tliin  »ri<l  i«  ivnvlucxl  u/tbe  actkiB  ati 
nil  ric  arid  on  cane  s  ^  lad  aiaimita,  aaU  la  i 

fonnrd  in  the  prepar  :uiB  Ita  aiiparior  aolaWlllyJ 

(bund  in  the  motlii-r  "^  ■■'  '■•- "— -'illijai 

may  be  made  by  hea  i  tnd,  i 

10  parts  of  waUT.    W  t  J  lti|«*l  I 

dilul«<d  and  uiMitralizi.xl  ••  iiujusj  vHh  I 

aortato;  and  lli«'  ins<>liil''-  '(•-mfBp'<K4 

■ulphun-*' 
syrupy  c<' 

Volubk'  t.i  ■    iiii'i   I'.i  ,l!r»s»  If' 

girvn  nr>  j  Imt,  nn  t>^  [junlslib 

■culwtanci-  .    , -.  Hii.l     1.11  ..I  ,  „i 

Jui-taJlic  Hilrer,  the  v 
of  tlie  lui-tal.    Kitric  .. 

ds. 

l*hi>n>  aro  two  jmttumu 
th«  «7r*T-" 
i*alti  havr 
lainir  -  ' 

S<:l.| 

<«1.  

liu<T  that  It  IS  evxli.vtir  n»  well  as  li' 
icad-frslt  conlaininit  C,II,I'b,0, ;  Imtti 
arloa  ootislderably  acourding  to  the  oiuiiu't  in  which  Ui<7  uo  iir>)au>4. 

Z>iWA,/i<'  SaoAaroU;,  C.n,(OII).<f'^- '  ""v       ■      .....n- ■   —  i. 

I  able   in  water. 
I<^,  which  ie  a  < 

yield)  the  tetracetyllf  (xuupound  C,ll, 

Mtiola  Aold.  r.H,/»,  — C,H.COH),(CT>^)„UaqMTl«wUv 

wU,  U  prodocod,  ttcelhi't        '         mail  iiUMitiljr  of  oxall<  acid,  tt}  -i.ej 


mtrtiamirm,  enntainin?  r,n,Kn,  «n-l  CJAJifi^l 


lltllO,  I 


Ammonia  conrn 
rhiln  (xiwdrr.     Th. 
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elion  of  rtther  dilatfl  nitric  acid  on  sngar  and  gam.      It  may  bt>  easily 
|pTv(>ar««l  by  lii-atiDg  togetlii?r  in  a  flask  or  retort,  1  port  of  milk-siiKar  or 
4  jisrls  of  iiilrii-  a<'i'i,  nri'l   1   part  of  water  ;  the  mucio  acid  is  al'ter- 
Ni  1  and  dri«<i.     It  baa  a  slightly  aoar 

It   rtxiuiri'S  for  solution  66  parts  of 

i._.   ).!■.. -I. -.i  .....Milt;  witli  water,  it  is  wnrerled  into  the 

^  param  ai-iv  acid.     By  Uiiliiig  with  nitric  acid  it  is  resolvod 

"  I  and  racvmio  acids.     It  is  decouipoaed  by  heat,  yielding,  among 

'  products,  pyromuoic  acid,  CjLi(U| : 

C,H„0,    =    C,n,0,    +     CO,    +.     311,0. 

MnHr  arid  ts  bibasic.  yielding  for  the  most  part  nentral  salta  containing 
.iiid  (\H,M"0, ;  with  the  alkali-metaU  it  also  forms  acid  salts, 
„II,KM,. 

I  I  Ml  and  ammoniam  salts  crystallize  well,  and  are 

bnt  I  1  w;iti>r  ;  the  acid  salts  ore  easily  bolulile.     Th« 

uii ■,j.-...u..i  ...... L  15  resolved  by  huat  into  ammonia,  water,  and  pyr- 
rol. l-.llj.V.. 

/>i«*y/ir  Mucoid,  C,H,(OH),(CO,.C,H;),,  obtaine<l  by  beating  mucic  acid 

ith  alrnhni  and  nalphuric  nevl,  is  crystalline,  solnble  in  hot  water,  melts 
at  15W^  C.  (31(i.4C'  v.),  and  is  converted  by  acetyl  cJiloride  into  the  tctra- 

tyl  compound,  C,U,(0.C,U,0),(C0,.C,H4)„  which  melU  at  177°  C. 
(JiO.OO  p.). 

Deoxallo  nr  Racemo-carbonic  Acid,  f'.HjO,,  probably 
<a  (.',11,(011  ),(CO,II)„  ii  produced  by  (lie  action  of  sodium  amalgam  un 
Mh/Uo  oxalate : 

3C,n,0,    4-     411,     =     311,0     +     C,H,0,. 

Dtnxalie  acid  is  not  known  in  the  free  state,  being  resolved,  on  evapo- 
ration of  its  axiueous  solution,  into  raceniic  and  glyoxylic  acids  : 

C.H.O,    =    C.II,0,    4-     C,H,0,- 

Tbi*  acid  is  eHsrntially  tribasic,  its  ammonium  salt  having  the  composition 
r,H  '  '^' "  >  "  -I-  H,n ;  but  it  also  forms  salts  in  which  4  atoms  of  hydro- 
gen lie)  are  replaced  by  metal,  the  silver  salt  being  C,IIjAg,0, 
+  11.  iL.'  barium  salt  C',ll|Ba,0, -f- 3H,0.  By  the  action  of  acetic 
•rid  oil  its  |i<ita8sium  salt  it  is  resolved  into  acetic  add  and  Ldwig's  deox- 
alic  arid,  (^11,0, ; 

2C.n.O,    =    C,H.O,    -f-     2CiH.0,. 

;.i    ciUdHi    '■''^..n),,  forms  large  colorless  crystals,  easily 
I'll.     It  is   tribasic.     Heated  with  water  to 
.'■■  acid  and  carljon  dioxide: 

C»H,0,    =    C.11,0.    +     CO,. 


Pyramueie  Acid  and  il*  Derivatioet. 

Pyromado   Acid.  CJljO,  =  C,H,O.r0OH,   is   produced   by   the   dry' 
!  <1l«tillaiiuii  ol  mucic  acid.'' or  more  a<lvBiitagi'OU8ly  by  boiling  furfurol  wiih 
l.itated  silver  oxide  ;  the  silver  is  pre<^ipitsted  by 
iiate  evaporatol,  and  the  pyromuuic  acid  purified 

.....  -._...- :..   :ilute  alcohol. 

Pyrvmucic  ac(d  eryglalliics  in  colorless  laminie  or  needVes,  easW'j  «o\\i\Ae 
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in  water,  espeeUIIj  If  hot,  waodtnUfy  hIbU*  ii 

fy4P  C.  (273.ao  F.).  UHl  raUioiM  at  1000.    K  to 

aaft,  dHjO^g,  crTStalUiea  in  lamina ;  the  Urimt  mk,  (UUUk*^  *■* 

oryat^  easily  aolalde  in  water.    Tb«  nUk  «A«-,  Cjafy.f.^  aMiiMi 

br  diatilling  the  aeid  with  hydroehhirie  mSkH  and  nleohol,  in  aaijalriitai 

maa*.  melUng  at  340  C.  (9S.2P  F.),  and  faoiliBf  at  SOeU-AlOO  a  (^ 

410OF.)-   ThedUoriiit,  C,B^.COCl.pndmwdVdiataU>WI8n< 
with  phoaphoriu  pentaohkuMe,  boOs  at  170°  C.  (SOBO  r.)i  •■*  1 


by  ammonia  into  the  amide,  C,Bfi.COKB^  a  «7atalUa*  ml 
"         ■       ktiaooc.  (260OK}. 

Mh«a« 
CMfl,  or  C,H,O.OU  (4-oarbon  phenol),  as  a  cokriaaa  UqoU,  MUi«it 


in  water,  and  melting  at  130O  C.  (260O  F^. 

•oda-Une, 


Barinm  pjrromacate,  diitilled  with  loda-Umo,  jrielda  t*tr»ph«a*l, 
■uMfl,  or  CMJOX" 
820  c.  (89.»P  F.). 

Isopjrromnoic  aoid,  C^Kfif,  is  prodneed,  together  with  ujtummtta  arii^ 
b/  the  dry  distillation  of  mnoic  add,  and  may  be  separatad  frote  the  iMm 
by  solntion  in  a  small  quantity  of  ctdd  water.  It  snMimsa  bd«w  tOOOia 
white  lamiiue,  which  tarn  yellow  on  exposure  to  the  air,  mnit  it  (HP  ft 
(179.fio  F.),  diasolre  rory  easily  in  water,  aloohol,  and  ether. 

Carbopyrrolamide,  CAN,6 1- C,H,<^^™*  ,  pradneed  ly  4V 

distillation  of  ammoninm  pyromncato,  fBrms  wliito  shining  '— "-Tr,  tKltf 
solable  in  aloohol  and  in  ether.  It  melU  at  173°  C.  (MS.40  F.),  and  dM 
not  resolidify  till  coolnl  to  133°  C.  (271.40  F.).  By  boiling  with  watwil 
is  resolved  into  auunonia  and  carbopyrrolic  acid  : 

CjU^XjO    +     H,0    =    NH,    +    CjHjNO,. 

Carbopyrrolic  acid,  0,H,<^..?     ,  crystalU»w  in  small  prinu, 

sublimes  at  almut  190°  C.  (S74'^  F.),  and  is  decouijwsed  by  sudden  besting 
into  carlx>n  diuxidc  and  pyrrol  : 

CjHjXO,    =    CO,    4-    C,H,N. 

Barinm  carlmpyrrolato  crystallizes  iu  large  lamiuc 

Pyrrol,  C,HjN,  is  a  weak  base  occurring  in  coal-tar  oil  and  in  bone^ail, 
and  produciblt)  by  distillation  of  ammonium  pyroiuucate  and  of  carbo- 
pyrrolic acid.  It  may  be  prepared  from  boiU!-oil  by  dissolving  out  tk« 
basic  constituents  uitk  sulphuric  acid,  and  submitting  the  acid  lolntiia 
to  probmged  boiling,  whereby  the  stronger  bases  are  retained,  while  thr 
pyrrol  distils  over.  The  distillate  is  iicat«Hl  with  solid  ]>otas8ium  hydnn- 
i(ie,  when  the  pyrrol  cumbinea  slowly  witli  the  alkali,  admixed  imporitin 
being  volatilized.  On  dissolving  the  potassium  compound  in  water,  thr 
pyrrol  separates  on  the  surface  as  an  oily  liquid.  Pyrrol  is  oolorlrM,  is- 
soluble  in  water  and  alkalies,  slowly  soluble  in  aci<ls  :  it  has  an  ethrrcsl 
udor  r<>sembling  that  of  chloroform,  a  specific  gravity  ss  1.077,  and  boili 
at  1330  C.  (271.4°  F.).  It  is  easily  recognized  by  the  purple  color  whitk 
it  imparts  to  fir-wood  moistened  with  hydrochloric  acid. 

Hy  heating  an  acid  solution  of  pyrrol,  a  re<i,  flaky  substance,  pgml-nd. 
is  priMluc<Ml,  containing;  t'l/"!!^/',  the  formation  of  which  is  reprcsenttd 
by  the  followiii-;  equation  : — 

SCJIjN    +     H,0    =    C„n,.N,0    +     NH,. 

Fur  fa  rot,  C(H«0,  «  C,H,O.COH.— This  compound,  which  is  tb« 
aldehyde  of  pyromiiuiu  acid,  is  formed  in  the  dry  distillation  of  sugar, 
and  by  distilling  bran  with  dilute  sulphurio  acid  or  sine  chloride.  X» 
prepare  it,  1  part  of  bran  is  mixed  with  1  part  of  snlphttric  acid  dilDlad 
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Seeondkry  monamide;  (klkalsmides)  containing  an aoid-radi- 
;4U  al<:ohul-railic'lt<,  are  foruitxl  by  proci'itHeg  siuiilar  U>  tliotie  above 
J  the  furmatiuu  ui  Ihv  jirimary  iuouuiuiUl-s,  substituting  auiinus  f<.r 
:   thus: 


Acrilc 
ehloridr. 


EthfUoilue. 


C,I!,0(<X,H,)  -f    NH,(r,llj 
L.tl>}l  acilat^.  Ethflxmlae. 


=    UCl 


Alculiul. 


+ 


NH(C,Hj)(C,H,0) 

Ktliyl-ncetAmiOe. 

>-iifr,nj(r,H,oj 


'  '•  monami  ilvs  are  those  in  which  thu  wholu  of  tliu  liydrofjen 
lie  of  ammonia  is  replaied  by  acid-radicles  or  by  aoid-  and 
1     I'-s.     Those  of  the  latter  kind,  called  tertiary  alkalamides, 
{iruUuond  by  the  action  of  acid  uhlorides  on  secondary  alkulauiidus : 

.H(C,n,)(r,II,0)     4-     C.H.O.Cl    =     HCl     +     N(C,H.)(C,II,(.)),; 
Ettiyl-arelsmiile.  Ai^rtjrl  J^thyl-uiaoelamlUe. 

eblorliie. 


■  (rji,0),n    +    N(CO)(r.n,)    =    CO,    -f 

^HAoelle  oxide-  Ethyl  uyauate. 

i 


the  action  of  monatomic  acid  oxide*  on  cyanic  ethers  ;  e.  g. : 

N(ru,,)(c,n,o),. 

Krliyl-UiMuetAmlUe. 


uamides  are  for  the  moat  part  crystalline  inviies  soluble  in  alcohol 
ether.  The  lower  members  of  the  groiij)  are  likewise  soluble  in  »  uter, 
distil  without  deuomposition.  As  they  uoutain  lioth  a  busiu  group 
(Nil,),  anil  an  acid  ({roup,  they  are  capalile  of  uclinj;  Imth  as  basi-s  utid  as 
acids,  combining,  on  the  one  hand,  with  acids  to  form  t-aliiie  cuni{ii.>iui(is, 
•och  as  C,II,O.NH,.N0,H,  which,  however,  are  not  very  stable;  and,  on 
tbo  other  liand,  forming  salts  by  sulistitutiou  of  a  metal  for  one  atom  of 
"  ugeii ;  thus  lilrrr-uctlamiJe,  C',HjO,NUAg,  is  obtaine<i  ill  cryslalliiiu 
>  lir  saturating  an  aqueous  solution  of  acetamide  with  silver  oxide. 
ideM  are  less  stable  than  amines,  the  combination  of  the  ainidogen- 
p  with  acid-radieles  (l',II,0,  for  example),  being  weaker  than  the 
ibination  of  the  same  group  with  hydrocnrlions,  as  in  the  amines,  t'on- 
eully  they  are  more  easily  dwomposed  than  amines,  their  decomposi- 
beiug  effected  by  heating  with  water,  or  mure  reailily  with  alkalies  : 


C,H,O.NH,    -f 
Aoetamiile. 


HOU 


NH,    + 


C,H,O.OH . 
Acetic  add. 


Primary  amides  heated  with  phoiphorie  onhi/iiride  or  pliospliortiii  Iriehloride, 

II  oir  1   nwl.  water,  and  are  oonvertwl  iuto    nitrils  or   alcoholic 
tnides  ;  t.  y.,  auetamide  iuto  methyl  cyanide  or  acetonitril :' 


CHj.CO.NH, 


11,0     = 


CH,.CN  . 

lien  plioaphoros  pentachloride  acts  upon  an  amide,  the  oxygen-atom  of 
the  latter   is  first   replaced    by  two   atoms   of  chhirine,  and    the  resulting 

tide  when  heated  gives  up  1  mol.  IICI ;  thus  : 
CH,.CONH. 


■,    +     PCI, 
CH,.CC1,.NH, 


PCljO 

2H(.'l 


+ 

4- 


CH,.CC1,.NH,; 

t-H,.CN  . 


Formamlde,  CHj.N'O  =  CHO.NH,,  the  ainiiie  of  formic  acid,  is  nb- 
Uiued  by  .Iry  distillation  of  ammonium  formate,  or  by  heating  ethyl  for- 

II  to  1(N>-'  with  alcoholic  ammonia.  It  is  a  liquid  which  dissolves  easily 
al4?r  and  in  alroliol,  and  boils  with  partial  decomposition  at  1920-1950 
377.li<^-3850  F.).     When  quickly  heated,  it  is   resolved   into  carbon 
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Vi'v  liavtf  h&d  freqnont  occasion  to  spo&k  of  these  componnda,  u  d«ri«ii 
(rum  animonium-salls  hy  alHlravtion  of  wau-r,  or  (rum  ai:i<l8  b^-  ^iilstim 
tiou  of  HuiidogL-Q,  NHj  for  hydroxyl,  OU,  or  fniiii   oui*  or  more    molivulO 
of  numiouia    by  substitution  of  ai-iJ-radiclns    for    hydrogen.      Tbcy 
diviilcil    (lik«  ainiufs)  into  luoiiainidtM,  iJiauiidi-s,  and  trijuiiidMt,  etch 
wliiili  t'loiipa  is  further  sulHiividwl  into  primary,  secondary,  aiid  irrtia 
aniid«*s,  .'ux*ordiii>;  hs  one-ttiird,  two-thirds,  or  thu  wtiole  of  the  hydnig*] 
is  replttoeil   by  acid-ra<lich'«.     If  the  liydrogeu  is  replaced   partly  by  tcii 
radiulus,  and  partly  by  alcohol-railivles,  the  eompoiiiid  is  ralli'd  alkald) 
niide  ;  for  example,  etbyloootamide,  MU(C,Uj)(t',U,0);  etlivldiaixU 
N(<--,UJ(C,U,U>,. 


^XIIIBS  OEBITSO  FROM  IKUIATOMIC  ACIIW. 

A  mouatomic  Mid  yields  but  one  primary  amide,  vbich  may  I 
formed  :  1,  From  its  anuoonium-aalt  by  direut  abiitractioD  of  a  mobtcolco 
water,  uader  the  inlluunce  of  heat ;  thus  : 


C,H,(NH,)0,-H,0  . 

Ainmonluo)  Aeelanude.         OONEL, 

acetate.  ^ 

this  method  is  especially  adapted  to  the  preparation  of  volatile  amidn 

2.  By  the  action  of  ammonia  on  acid  chlorides  or  anhydride* : 

NH4CI  + 


(",H,0.n     +  .  2N'IJ, 
Acotio  ehlurlde. 


Ace  amldr. 


(C,n,n).n  4-     2NH,    =    NH,.O.C,H,0    +     C,ll,O.NH,, 
Aoetio  anuydrlde. 

Tltin  method  is  especially  adapted  to  the  preparation  of  aiuidea  wbiob  1 
insoluble  in  water. 

3.  By  the  action  of  ammonia  on  compound  ethuni : 

C,H,t>.O.r,Hi    4-     Nil,     =     CJIj.Oll     +     C.H.O.NH,, 
Ethyl  acetnle. 

Tliis  reaction  often  takes  place  at  ordinary  temperatures,  but  i«  for  1 
most  part  best  eirecte<1   by  heating  the  two  bodiea  togetiier  in  alooLoUtl 
solution. 

Seeondary  inonamides  are  those  in  wbieh  two  atoms  of  hyd^ 
in  a  molecule  of  nntniiini.'i  are  replactnt  by  two  nnivalent  or  one  iiiraU'D 
acid-radicle,  or  by  one  acid-radielo  and  one  alcohol-ra<licI«.     'rho»o  m 
taining  only  univalent  radicles  are  formed  by  the  action  of  dry  hydrochl" 
acid  gas  on  primary  munaniides  at  a  high  temperature;  e.y.,  diaceli 
trom  aoetamide : 

-  2NH,(C,II,0)     -f     Ha    —    NH.a     +     NnCC.H.O), . 

Tliose  oontftinluK  bivalent  acid-radirles  are  called  i  m  ides  :  e.  q..  siiwin- 
imide.   NllfC.ll.d,),     They   are  derived  from   bibasic  aeida,  ajid  will  '•  ' 
notiood  further  on. 
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Secondary  monamldef  (nlkBlnmides)  oontAining an aoid-radi- 
eX»  anil  an  alci>hul-rttdicU\  :iTt!  fonotMl  hy  jir<ic'o»<Hi«  siutilor  tu  tUost}  abore 
given  fur  iJic  ruriuatiuu  of  Uic  jiriuiarjr  muuauuUvs,  sulmtitutinj;  uiuiuvs  ftr 
MBtaoiiia;  ihua: 


CJI.OCI     + 

Xorllo 
chlorldv. 


KthjrUiulue- 
EihylHiulne. 


=    HCl 


l^tliy  l-nuetJiiuiUe. 


noc.Hs     +   Nii(c,iij)(c,ii,(>) 

Alcohol.  Kthyl  iii.-eiKm>Oe. 


-  V  monami  (lea  art*  tlioste  in  which  tlie  wholu  uf  tho  hydrogen 
lilt'  iif  aniu)i>niH  is  n-plauwl  by  aciJ-pndicl«>  or  l>y  mid-  and 
,.  .,..,i.Ae».     TI1U8H  of  tUx  lalli-r   kinil,  called  li-rtiary  alknlaniides, 
'  iinxincvMl  by  the  action  of  acid  ohloridcM  uu  Hccundary  nlknlamidva : 


N'ii(c.H,)(c,n,") 

Ethyf-Acefjimiilc. 


r  ii,o.n   = 

Apciyl 
ctiluride. 


UCl    + 


i:.t|jyl-diactitiii]iide. 


or  by  the  octioD  of  uiountoniic  acid  oxides  on  cyanie  ethers 


'■!/■ 


AecUe  ooide. 


N(Cn)  ((•,!!  J 
Elhjrl  cy«n«te. 


N(r  Hj)(C,|l,0),. 
Kl  liy  r-diiicttniul(l«. 


Monamideii  an-  for  the  uinst  j>art  crystalline  bodies  soliiblK  in  almho] 
Hnil  «'thfr.  Tlic  lowi-r  iu"'inl«'r»  of  the  group  are  likewisu  Holuble  in  water, 
anil  distil  withiint  deonuposition.  As  they  contain  Iwth  a  basic  group 
(Nil,),  and  an  acid  group,  they  are  capable  of  outing  both  as  basiii  and  na 
•L-idd,  coiiibiniii.;,  on  the  one  haii<),  with  aoid»  to  form  baline  compuunds, 
wncli  a»  C,H,0..\'H,,?<'i.),H,  which,  however,  aro  not  very  stable;  and,  on 
the  'ith<rr  hnnd,  forming  snlt^  by  Siiilistitution  of  n  nii'tal  for  one  atom  of 
hydrogen;  thus  tihnr-arrldmiilr,  t',ll,0.>'llAg,  is  obtained  in  crystalline 
sc»l<ra,  by  saturating  an  B<{ueous  solution  of  acetaniide  with  silver  oxide. 

Aiuidos  ar«  less  stable  tlian  amines,  the  combination  of  the  amidogen- 
ipvinp  with  acid-railicU-s  (C,U,0,  for  example),  being  weaker  than  the 
tx'i'  'if  the  same  group  with  hydrocarbons,  as  in  the  amines.     Con- 

•»■  ,  ''-y  are  more  easily  deciomjiosed  than  amines,  their  deojniiKKti- 

\-^  cilectvd  by  healing  with  watur,  or  more  readily  with  alkolied: 


r 


C,n,O.NH, 

AortvniliJc. 


-f     Hi>n     =     NH,     + 


r,ii,n.oii. 

Acetic  Held. 


Primary  atnides  healnj  with  iilimjjmrir  niihij<lri<1r  or  phosphnnio  IriMnrirle, 
firr  olf  I  m<i|,  water,  and  are  ivnverted  into  nitrils  or  alcohol  io 
cjr«uld«<  i  e.  J.,  acetaniide  into  methyl  cyanide  or  auetouitril : 

CHj.CO.NH,    —    11,0    =    CHj.CN. 

W  I'liorui!  p«ntach|oride  arts  ujion  an  amide,  the  oxygen-atnra  of 

II'  first  replacxd    by  two  atoms   of  chlorine,  and  the  resulting 

I'Uiori'ie  »  iM'n  heattxi  gives  up  1  mol.  HCl;  thus: 

CH,.C<)NH,    +     PClj    =     PC1,0    4.     CH,.CC1,.NH,; 
•nd 

CH,.Cri,.NH,    =    2HC1      -f     CH,.CN. 

Formaiulde.  CI1,.\0  =  Clin.NH„  the  amide  of  formic  acid,  is  ob- 

tn''  ■■  '  '"  '■'  .I1.11II1.11..11  of  ammonium  formate,  or  by  heating  ethyl  for- 
nt  :M>lic  niumonia.     It  is  a  liquid  which  ilissolves  easily 

ill  i,  and  lioils  with  partial  deeonipnsilion  nl  l!>2'^l!*fiO 

When  quickly  heated,  it  is  resolvud  \TV\o  o&i\«nv 


(Sn.ti^^^oi''  h',). 


4 


1  i'<d> 
witer 
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monoziile  and  unmoiiUu     hy  dehydration  with  phoepharie  tahjiM*  Kb 
conrrrt<rd  into  hydrogen  cyanide  or  formoaitrll,  CUN. 

Acetamide,  C,HjNO  =  C,H,O.SH„  mnr  h,-  oMafned  by  rilkrr  rf 
the  gciirral  reactions  alwre  describwl ;   al- 
•odiuiu  acetat«  and  sal-aniiiioniac  in  nju  , 
tailiua  in  long  needles,  tuclts  at  7i^^l^'-  <. .  i.i .;:.  i 
without  dwoinpoiilion  at  iiJfJC.  (431. OO  V.).     It  .1 
and  in  alcohol,  '—I  "I.-m  bi-alvd  wtO'   ...i.  ...■  .ti 
and  is  resoir-  >  aciil  and  fct» 

in)(  unstatl«  r  ■.  r.  j.,  C,ll^  ■  j  MV 

ing  it»  aqueous  sulution  with  nn-rt-urir  oxiilc,  •!,  u< 

the  gulutiou  on  cx»ling  depusiU  oryslals  uf  mt  '/fit- 

Chloracetamides  may  hi>  pr«par«d  from  th«  thrtw  chWanrtk Kill 
in  th«  samv  manner  as  at^tamide  from  acvUo  acid.     Their  nHtin  i 
boiling  points  are  aa  follows  : — 

Monochloracetamide,         C,H,nO.NH,        1\0»        tUP^-^atP 
Dichlor3<^taiuidt>,  C,HCI,0..\H,  96°         2330USS4P 

TrichioraceUmide,  €,01^0.. NU,  136°        ZiSO^^SlO 

Diacelamidt,  ^'^<Cc  il  O  *  "''^'■^  ^T  beating  aceUmida  In  a Iti 
of  hydroircn  chloride,  forms  rnrstaU  Muily  solnMo  in  wal>«,  nwlla  ali 
C.  (138.20  F.),  and  boiU  ai  2i6Ql.2150  C.  (41l<M190  f.), 

Triaeetamide,  (C,n,0),N,  obtained  by  heating  a<»(onltr<l  to  9nO( 
(3920  V.)  with  ao«tio  anhydride,  nu-lls  at  7(P-<UO  C.  (172.-P^IT-I.y)r.|j 

Proplonamlde,  C,HjO.Nn,,  is  rery  mocb  like  acetamide,  nwlia  atl 
ItiO  c.  (il;7O-16^.«0  F.),  aud  bolls  at  210  C.  (4liio  K.;. 

Bntyramide,  r,H,O.NH,.  crrstalUxes  in  lamln*.  melu  at  IlftO  C.  (tV 

¥.),  uii.l  t«>ils  at  2160  C.  (•i20.S-  P.). 

laoTaleramldo,  QITfO.Nn,,  obtained  IW>m  Uonlrrir  iLri,\  tub 
laiuiuai  which  are  soluble  in  water. 


AViDss  DiiniTBD  mox  DiATOvin  aRS  MoaoBAaic  aruix 

Acidii  nf  thi»  (:rotip  may  giro  rine  to  two  tt   '  -    '    ■!.    i.irraxa 

sulMtitutloii  i>r  Ml,  r»r  Oil,  anil   tliirifiirit   li.i  •HupcelB 

They  arH,  howcvi-r,  i.inmeric,  not  idfiitii'^l    tii  r.-nU 

of  the  aloohollL-  liydruxyl   Iwioi;  auid,  ni 

meiit  of  thi<  liaxic  hyilnixy),  in  nxatral, 

calli«l    amio   or    ami  die    acids.     I>ly>:>illii;  u*  iJ,    Ui 

amidoglyoollia  or    glyooUamic   avid   and    i{lycullarald« 

C,U,NO,: 

CH.OH  Cn,ND, 


coon 

Olfcullie  tcld. 


(•OOH 
Olf  cvlUmto  wld. 


cii,oa 

rorm, 

Olrsotltlnltiie. 


1.    Nentral   Amides. 
These  oompooiula  ar«  furm>-^! 


«f  aounoiua 
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_,tiii  ftlcoholic  solution  on  the  correspondiug  oxfdug  or  anhydrideii, 
M)>ii  HtUjrlic  ethura  uf  tliu  aciili) ;  thus  : 

CI1,.CU<^,^   +     NH,    =   CH,.CH\C(J.NH, 
XrfctUe.  LftclAmldo. 

Eibyl  UctJite.  LnctAtoide. 

OH 

Olyoollamlde,  C.BiNO,  =  CH,^^;^  j^.p   ,  i»  formed  hy  heaUng 

(•H  ■      ' 

r  (tyoullide,  |  ^0,  with  dry  ammoiiia,  and  by  heating  acid  ammonium 
■H  CO  ^^ 

HtroDAte  (p.  758)  to  150O  C.  (302P  F.);  CjUjCNHJO,  =  C.HjNO,  +  CO, 
^■HjU.  ll  erysl.illixca  in  nciMilci  having  a  sweetish  tnste,  easily  sfiliible 
^Bwaler.  sparingly  in  sUuIkiI,  iiu-lliii^'  at  IIMIO.  Oy  boiling  with  nlkulieii, 
mb  rttiolved  into  glycollic  acid  and  umiutiuia. 

OH 
Lactamide,  r,H,XO, ^  t'II,.CIl<^,,  ^  „„   ,  obtained  as  above men- 

pwl,  fomjs  erystals  easily  sulnblc  in  water,  melting  at  740  c.  (160.20  p,y^ 
Ived  by  boiling  with  alkalioi  into  lactic  acid  and  auiuiouia. 

^CO_ 
iLactinilde.    C.HjNO  =  CH —  CH NH„  produced  by  heating  alanine, 

''^<m;o  OH  '  ^  IS'IO-"-""^  C.  (3560-3920  F.)  in  a  stream  of  hydro- 
chloride, forms  colorless   Inniinn?  or  needles,  easily  soluble  In  water 
1  in  alcohol,  melting  at  275°  (,'.  (5270  F.)- 

A  in  i  c  or  A  m  i  d  i  c  Acids. 
The  amic  aeid»  of  this  group  arc  identical  with  the  ninidated   seids  de- 
,  from  the  corresponding  monatomic  acids,  t'^Hj^lK.,  hy  siittttitiitinn  of 
iitogen  fur  hydrogen  ;  thus  glycollaniii^  acid  in  idenli  al  with  ninidacetio 
iciit  ,  lactomio  with  amidopropiouio;  leuoamic  with  aiuidocapraic  acid  ;  for 
example : 

^c^,  cn,(NH,)  rn,(oii) 

rooH  cooH  voun 

Aoetio  aold.  Amlit>«cetlc  or  Illy-  OlrooUio  acid 

oolUmlo  jtcltJ. 
ey  are  fonne<l :    1.  B.v  th«   action  of  ammonia  on  the  mouochloro-, 
0-,  or  iodo  8ubBtitution-pro<luctH  of  the  fatty  acids  :  f.  g., 
CH.n.CO,H    -f    2NH,    =    NH.Cl     +     ril,.NII,.f'0  H 
OhlotMclKi  sola.  Ainianecltc  ncfd. 

2.   Bv  heating  the  ammonia-compounds  of  the   aUlcliydes  with   hydnv 

fjic  and  hydrochloric  acid,  whereby  cyanides  are  prodtiivd  in  the  lirst 
ance,  and  afterwards  transformed  into  amido-acids  by  the  aotion  of  the 
ruvhioric  acid  : 
cn,.rH<-;','|.   -f    CNH    =   h,o    -f   ch..ch<njJ« 

Aldehyde  ammoniii.  Ethlilene-cyanamlde. 

f^.CH<^'^'     +1  ../Ml, 

Etbldenr* 
S  onuinlde. 

tWreral  of  them  oocor  in  the  animal  organism. 


+     2U.0     =     NH.Cl      4-     CH,.CH<^.i^'a 

Lactamlo 


L 


vn 

the  aon  iatiiuto  (late  af  i 

Imoe;^  gnrnp  aad  an  aaidqpa  pMv^thvfaHMi  ka&  mM  •■&  iiriip*' 

pertiM,  and  farm  Mlina  W|wia  battwilk  ««BMd«ift  kMi^ttB 

baric  rhmrMUr,  bMrarar,  Bfadoariaat'  —  — 

■alad  tj  naata  cadiiv  ia  (M,  the  Mi 

clj«oilaMi«  add  btinc  d«algiiatad  aa  _ 

teacaaiie  add  aa  laocue,  ate.    Th^f  am 

tba aasM  Alaalaaa. 

Th«  h/dn«ai  of  tha  aatboiMyl  gnrnp  is  tkaaa 
pUoed  br  mlMdud-ndidca,  7ialdii« 
ai«  ■onwvhat  imrtaWa  ;  that  «f  tha  ( 

akohtri-ndielea  or  bf  aeid-radidca.    Tha  aeid  dotiratiroa  an 
tnaUng  tha  amidMMids,  or  thdr  olhara,  with  the  katoU 
aoid-nuUcUa : 

<'"'<o5b  +  ^^^^  -  Ha  +  CH,<^!Jj«W>; 


the  aloohdio  derirattrea  hf  the  aetloB  <f  aminea  on  T"*tttttiiHim  dwtn- 
tirea  of  the  btty  aelda : 

CH,a.CO,H    +    NH(CH,),    «    HQ    +    CH,<^5?^ 

Ohloneetle  Mid.       Dlmetbrtemlna.  Dlmetlif  l-%aldMetl( 


The  alanine*  are  ciyHtalllne  bodies,  moetly  having  a  iveetish  tuU, 
eaHilj  soluble  in  water,  insoluble  for  the  most  part  in  alcohol  and  etb<r. 
They  have  a  neutral  reaction,  and,  as  alreadj  observed,  are  not  daooa- 
posed  by  boiling  with  alkalies,  bnt  when  fosed  with  alkaline  hydntot, 
thejr  are  deoomposed  into  ammonia  and  Catty  acids.  By  dry  distillatioB, 
especially  in  contact  with  baryta,  they  are  resolved  into  amines  »ai 
carbon  dioxide : 

ClI,.ClI<j!^^',j    =    CO,    +    CH,.CH,.NH, 

Alanine.  Ethylsmlne. 

Nitrous  acid  converts  them  into  ozyaoid  : 

<'"»<C("h    +     NO,U    =    N.    +    H,0    +     CH.<gH 
aijreooine.  OljrooUie  aet& 

Amldaoetlo  Aold,  or  Olyooolne,  C,n,NO, a CH,<^^ , 

alMo  rnlind  amidoglycotlk  aritl,  gli/ctJlamie  add,  and  gIfcoeoU,  ia  formeii  bf 
the  action  of  ammonia  on  bromacetic  or  chloraoetio  acid : 

C,H,C10,    +    2NH,    —    Nn«a    +    C,H,(NiyO, ; 

also,  by  the  action  of  acids  or  alkalies  upon  animal  substances,  snofa  u 
|(liii>,  hippuric  acid,  glycoUic  acid,  etc.  From  liippurio  acid  it  is  formed, 
(ogothor  with  benioic  acid,  according  to  the  equation  : 

C,n,NO,    +    H,0    «    C,H,NO,    +    C,H,0,. 

ninHMlnr  erystallise*  from  water  In  large,  hard,  transparent,  rhoiaUe 
i>ri«ms,  KavlMft  «  »w*oli«h  Umt*, aolnble in 4parta of  oold  water,  ioaolable 
til  «i«eM  Msd  <4lH#v    It  MMMat  l70OC.(SS8OF.),aaddeoaapaaeaata 


OLYCOOINE. 
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Ugber  temperatnre.  By  heating  with  bsryts  it  1b  resolved  into  earbon 
dioxide  anil  niKthylamine  ;  by  treatment  with  nitrous  acid  it  is  oonverti^ 
into  gly<x>Ilic  acid.  It  lombincswith  acids  in  different  proportions.  With 
mtpAmrif  acid  it  forms  tbe  coinjKinnd  (C,HjNO,)jSO,H, ;  and  on  addition  of 
iilmbol  to  a  solntion  of  this  sulpliato,  a  salt  cr/stnlliziug  in  rectangular 
prinns  ia  deposited,  containing  SCjHjNOj.S*),!!,.  It  also  forms  the  kydro- 
rUnriJej,  C,HiNO,.HCl  and  C,UjNO,.2HCl,  the  latter  of  which  crystalliiea 
itotonn  pri;>ms.     The  nilnilf,  C,lIjNO,.NO,I{,  forms  large  prisms. 

ircocine   also   forms   saline   (impounds  by  substitution  of  metals  for 
thus  it  dissolves  cupric  aside,  forming  the  suit,  (C,H,NU,)jCu 
rhioh  crystalliies   from   the   hot  solution  In  dark   blue  niNxili-s. 
taJt,  C'jH,NO,Ag,  crystalUzi-s  over  sulphuric  aeid.     (ilycocinel 
'■inritea  with    mflallic   sails,  forming    crystalline   oom]>ounds,  such 
C,H^-<VNO,K,  and  C,Uj.NO^NO,Ag. 

TWfr 

The  ethylio  ether  of  glyoocinc,  or  tthi/l  amidacrJalt,  CII,<^,  ,'p  ,.     ,  is 

jMiaced  by  the  action  of  silver  oxide  on  the  hydriivlide  obtainul  by  heat- 
j^^^lyincine  with  ethyl  iodide  in  alcoholic  solnti<m.  It  is  resolved  by 
^l^ration  of  its  aqueous  solution  into  glycocine  and  alcohol. 


a^«»*y/-5/ycocia«  or  Soreo»in«,  C,H,NO,  =  Cn,<[^^'"™»   ,    iao- 

nerio  with  alanine,  is  formed  by  digesting  ethyl  chloracetate  with  excess 

Kientrated  aqueous  soluttuu  of  methylamine  : 
CH,C1.C0,.C,I!5  +  CHj.NH,  +  H,0 
»  HCl  +  C,II..OH  +  CH.<J!i^^-^'""  . 
tma  oomponnd  Is  formed  by  boiling  creatine  with  baryta-water. 
tine  splits  into  sarcoaine  and  urea,  the  latter  iK'in-;  furtlier  decom- 
to  smmonia  and  carbonic  acid.  Sarcosine  prysLallizes  in  colorless 
rhaotbic  prisms,  easily  soluble  in  water ;  it  is  difficultly  snlublv  in  alcohol, 
insoluble  in  ether,  and  has  no  action  upon  vegetable  colors.  It  eombines 
with  acids  to  form  soluble  salts,  which  have  an  acid  reaction.  The  dunble 
salt  of  sarcosine  with  platinum  tetrachloride  crystallizes  in  large  yellow 
ootohedrons  having  the  txiraposilion  2<.',ll7N(>,.2IICl,PtCl,  +  2Aq.  Sarco- 
siaa  ignited  with  soda-lime  gives  olT  methylamine. 

N(C».)t 
Trimethft-i/lyeocine    or    Belaine,    CjH„NO,  =  CUj^^-.q^O  , 

wWch  exists  ready-formed  in  beet-juice,  and  is  produced  by  oxidation  of 
choline  hydrochloride,  and  synthetically  by  heating  trimethylamine  with 
Bnioohloraoetia  acid,  has  been  already  descrilied  (p.  646). 

EthJl^gll)Cocinf,C^^,yO,  =  Ctt,<^f"f^'^^^,    obtained    by   beating 

chloraoetic  acid  with  ethylamine,  forms  deliquescent  laminot ;  it  unites  with 
aeids,  bases,  and  salts. 

ttkjl-glyenrinf.  C,H„NO,  =  Cn,<^,^*^,'j^»^',preparedfrom(!hlor- 

aoid  and  diethylamine,  forma  deliqnosc«nt  orystals,  and  sublimes 
lOOO. 

t4lyl-glfeoeine,  or  Aetlurie  aciti,  CIlj<^,^,jj'   •    ,prodnced 

action  of  acetyl   chloride  on  silver-glyc>ociue,  or  of  ac<'tamide  on 
ioraoetio  acid/cryslallize*  In  small  ne<>dl«s,  easily  soluble  in  water 


tdO 


AMIDES. 


and  in  alcohol,  and   taming   brown   at    130O  C.  (260O  p.);   reaeta  I 

mouobaaic  acid. 

DiaLTcoLL&Mic  and  TBiaLTCotLamc  Acids.— Olycoeine  at  gljrooUami^ 
nuiy  b«   re);ardu<i  as  amuionia   having  one  at^iu  df  bydi-ogen  rvpl; 
the   iiiiivalent  group  l'll,.L'(>,H,  and   tlie   slmilur    replau-nient  of  i 
li^'drogeii-atonu  in  ammonia  may  give  rise  to  di-  and  iri-glvoollamic 

Glv«)ll/imic  ai^id 


NH,.rH,.CO,H  . 
NH(f'H,.C'0,H), 
N(CU,.CO,H),    . 


Diglvc-ollomio  acid. 
Triglycollamic  acid. 


Th«ie  throe  aoids  are  producpd  simultaneonaly  by  boilinf;  moDot 
a(>ctio  Buid  with  strong  aqueous  ammonia  ;  ami  nn  ooncentrating  tb» 
iiig  solution,  filtering  from  separated  sal-ammonino,  UiiliTig  the  tl 
with  lead  oxide,  and  fllti^ring  again,  the  tiltrnte  on  eooling  dciKMit 
lead  salt  of  Iri  gly  collarai  c  acid,  while  tbe  lend  salui  of  the  i 
two  aeiils  remain  in  solution.  To  separate  the  digl  r  collamic  ■ 
the  lead  is  preoipitateal  hy  hydrogen  sulphide,  and  the  filtered  lolali 
boiknl  with  zinc  carLionate,  whereupon  the  sparingly  soluble  (inc  dig) 
lamato  separates  out,  while  the  zinc-salt  of  glyvocine  remai] 
solution. 

Diglycollamio  and  triglyoollamic  aoids  are  crystalline  bodies  whiebi 
I    both  with  acids  and  with    bases ;  the  former  is   bibasic,  the  I 
ribasio. 


Amidopropionlc  Aoids,  C,H,NO,  =  C,Hj,(NH,)0,.— ()f  I 
there  are  two  nuniiticatiouH,  analogous  to  tho  two  bromii-,  ehluro-, 
iodo-propionic  acids,  viz.  : — 


r 


H(NH,) 


{.•00  H 

a-Ainiilopropioalo  &cld 

or  AUnlne. 


CH, 

coon 

£-Ainl<la|iroplonle 
sold. 


A I  n  n  i  lie  is  produced  by  the  aetion  of  alcoholic  aiunionin  no  a-dl 
or  o-hromii-propionic  a<'id,  or  by  heatiug  aldehyde  amiuonia  with  hj 
cyanic  and  hydrochloric  acids,  the  reactions  being  prwisely  simil 
those  by  which  glyeocine  is  obtained  fitini  the  corresjOTnding  dcrtri 
of  nivtic  acid.  It  crystallizes  in  tufls  of  hard  neaMllcs,  dissolvtv  iu  i 
of  cold  water,  leas  easily  iu  alixihol,  and  is  insoluble  in  ether.  ' 
slowly  huate(l,  it  melts  and  sublimes  uudecomposi<d  ;  but  when  qi 
heated,  it  is  resolved  into  carbon  dioxide  and  ethylaminc.  Nitioa* 
converl-s  it  into  lattic  acid. 

Alanine  unites  with  acids,  bases,  and  salts.  The  pUliimit 
Z(r,H,.N03.HCl).l'tCI„  crystallizes  in  largo  reddish  prisms. 

H-Amiihpropinnii-  arid,  rH.(NH.) — CII,.CO,H,  prepared  liy  the  actK 
ammonia  on  d-iodopropionic  aoid.  foruis  rhombic  prisms  easily  soluf 
water,  and  sublimes  with  partial  deiwmposition  when  heated,  Iu  a 
compound  Is  much  more  soluble  than  that  of  the  «-aoid. 

-AmJdobutyrlo   Aold.  C.H.NO,  =  f;H,.CH,.Cn<;j^^Jj 

called  Priip/tliiniiif,  is  prepared  from  ■  broniobutyrio  acid.      It  crysti 
in  S1U.1II  lamina:  or  noedles,  easily  snluble  in  water. 


AMIDES    raOM   BIBA8I0    ACIDS. 
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CH(CH,), 
■-▲mldiaovaleric  Acid,  CjH„NO,  ^  I'n^^f 'i    >  occurs  in  the  pan- 

Ml  of  the  ox,  and  is  formed  artificially  by  the  action  of  ammonia  on 
muovalvric  acid,  ll  uryBtulliifH  in  ntiining  prisms,  aubliiiics  without 
I  foaion,  dissolves  in  water  and  alcohol,  but  less  easily  than  leucine. 


Hmal 
Xmld 


-NH, 


Idocaprolo  Acid  or  Leucine,   C,H„NOj  =  CjU,g<[^"'n    ,   is 

tned  liT  the  actimi  of  ammonia  im  bromocnjiroio  acid,  and   by  digesting* 
leral-ainmonia  nitli  hydruvyanic  and  bydrucliluric  acids  : 

tC,H„0..\H,  +  CNU  +  llCl  +  H,0  =  C.HuNO,  +  NH.Cl. 
cine  is  alio  formed  by  the  d<M?om|x>silion  of  animal  substances,  snch 
le,  horn,  wool,  etc.,  during  piitrcfmlinii,  and  by  the  treatiiieiil  <if 
■abstanoes  with  acids  nr  alkalit^.  ll  wan  firstt  discovered  in  [lulrid 
I ;  more  recently  it  has  been  found  in  several  parts  of  the  auiiiinl 
[sni»m. 

Lrncine  cryatslliies  in  white  shining  scales,  which  melt  at  KXP,  and 
ly  be  sublimed  without  (it-romjiosition  ;  it  is  but  little  soluble  in  water, 
tl  Ikss  in  alcoliol,  insoluble  in  ether.  Wiieu  lieated  with  caustic  baryta, 
iplits  into  oarlxm  dioxide  and  amylamine  ;  C.llijNO,  =  CjH„N  -|-  CO,. 
iuiit«*  with  acids,  bases,  and  salts.  Treatment  with  nitrous  acid  oon- 
i  it  into  leucic  acid,  C^U^O,. 


r 


AKtDES  DEBITED  PROM   DIATOMIC  AHD   BIBA8IC  ACIDS,  C,H,,^r;„V  . 

Bach  acid  of  this  group  may  give  rise  to  three  amides,  vii. :  1.  An  acid 
kide  or  amic  acid,  derived  from  the  acid  ammonium  salt  by  abstrao- 
o  of  one  molecule  of  water.  2.  A  neutral  monamide,  or  iniide,  de- 
■ad  from  the  same  salt  by  abstraction  of  2H,<).  3.  A  neutral  amide,  or 
amide,  derived  from  the  neutral  ammonium  salt  by  abslracliuii  of 
thus  from  succinic  acid,  (.',I1,(C0,U)„  are  derived  : 


fBnccinamic  acid.  C,!I.<J:2;oh'    =    ^••"Kro.OH"'    "    "'« 
i  Sucdnimide .     .  C,H,<^^  N  H 


linamide 


r  H  /CO.NH, 


Acid  AmmoDtum 
succtnsle. 

Acid  ARimonium 
■  ucclnAle. 

r  II  /CO.ONH, 

-    '»"<Vro.nNH, 

Neutral  Ammonium 

iUCClDAle 


—     211,0 


—    2H,0 


Twb  neutral  amides  may  also  he  regarded  as  derived  from  one  or  two 
ilernles  of  ammonia  b^"  sulwtilntion  of  the  diatomic  radirle  of  the  acid 
two  atoms  of  hydrogen,  and  the  amir  acid  by  dimilnr  sulntitution  in 
e  oompound  molecule,  NH,.HH(>: 

Socciniroido  .... 


8ttc«inamide 
Snrcinamic  acid 


NH.r.H.O, 

N,H,.r,H,o, 
^'lij  '  r  ri  o 
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B;  abstrftction  of  fonr  molraalcs  of  water  from   Utv  nrntral  snimoninvl 
■alU,  aitrila  ur  vyauides  uf  tUe  corresponding  diatouik- aiuuliol-ra 
oles  are  produoed : 

„  „  ^O.ONH 


—     4H.0     = 


NeutrnI  Ainmonlum 


Succlnonltril  or 
Etheoe  cyaoidc. 

The  amie  acids  of  tliis  group  are  also  formed  by  lioiliug  ihi,-  imiilrs  vitfc] 
■WHttr:    thus  sawiniioide,  Cjll^NU,,  tiy  taking   up  H.O  is  conv*rt««l  ittK 
sucrinamic  acid,  (.',H,N<>, ;  and  the  neutral  aiulrt«s  are  formed  by  sh 
up  the  corresponding  neutral  ether«  with  aqueous  animoiua:  r.  g., 

^•^•<itt-;ut    +     2XU,    =     2C,FI,(0H)     +    C.O.<I;'J}j 
Diothyllo  Elhyl  Oxamldr.  ' 

osalalc  alcoboL 


The  typio  or  extra-radicle  hydrogen  in  these  amides  may  W  r<<plaei^  I 
aleoliolie  or  by  acid  radicles,  thereby  producing  alkalamidex,  »eeondarT  »i> 
tertiary  dianiuU^,  etc.     Tlie  model*  of  producing  sucli  cowpounda  m}  l« 
uudertitood  from  the  following  equations  : 


^NH(CH^ 


Acid  MrthyUmmonlum 
C,H.<J^^O    +     C,H..NH,    =     H,0     +     C,n,<*:[)>N.CA 


MethyloxJiiulo 

ACllL 


CO  <-"''"» 


Sucrlnle 
anhydride. 

.1. 

DlFlll>liO 

oxiilitle. 

coc\,   + 

Oitrtiiinyl 
etilarlUe. 


Etiiylamine. 

+  2(CH,.NH,) 
Methylninlne- 

2(C,TI,.NH.)     = 
Etbylamlue. 


Ethyl, 
lucelninilde. 


Mt.rH, 


2(c,nj.oH)  +  c,o,<j;,;;;^2; 


Etiiyl 
Alcohol. 

2H(U    -I- 


Dlmrlhyl- 
oxRmiile. 

CO(NH.CJI,), 

Dleth?l- 

earb»aildr. 


2C,n.<^J>NAg  4-  C,H.<(.o;^,  =  2AfiCl  +  N,(t\H.<^), 


ArKCDto-suoeioliaide. 


Sncclnyl 
etilotlUe. 


Trlsaectnlmld*. 


Amidtit  of  Oxalic  Acid 

CO.NH, 
Oxamic   Aoid,  C,II,NO,=  I  ,  is  produced  by  heating  i 

CO.OH 

ammonium  oxalate  to  about  230°  C.  (/HOP  F.) ;  also  as  an  aronioDinm- 
salt  by  lK)iling  oxnmide  with  aqtu^oiia  ammonia:  r,H,;J,t),4- Il,"« 
(■jll,fNH,)NO,.  Oxnmic  arid  Ih  a  wliitHcrvst.slline  f>owder  spiiriii);!/ *>1* 
hie  in  cold  water,  still  less  soluble  in  nlcohol  and  ether.  It  i*  mnn<ila>iKi| 
and  forms  numerous  crystalline  metallic  salt.-!. 

Oxamic  ethers  may  lie  formed  by  substitution  of  alenhol-rsdiol*! ] 
for  liydropen,  either  in  the  grou])  Nil,  or  in  the  group  OH  of  oxamic  v^^  \ 
the  resulting  ethers  being  arid  in  the  former  c*Be,  neutral  in  tlie  latlrf-  ' 
The  neutral  ••!  hers,  also  called  oxamethanci,  are  formod  by  the  actinn 
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of  ammonim,  in  tlie  gitseons  state  or  ia  alcoholic  solution,  on  neutral  oxalic 
ethers  ;  thas: 


W 


CO.OC.Hj  CO.NU, 

to.oc.n,  co.or.Hs 

£tti)l  uxaUIr,  Alcohol.  £thyl  uxaoikte. 


They  are  crystalline  tudies  soluble  in  alcoliol,  iit;cum|K>st'il  )yy  Ixtilingiralcr, 
Irielding  aiuuiuniuni  oxnlalt^  and  tlie  correapuiidiiig  iilcoliul. 

The  acid  etht<ni  of  oxuuiio  acid  containing  one  i-quivaltnt  of  aU-nliol- 
rwlicte,  are  pruductid  by  dubydration  of  the  acid  oxalates  of  the  corru- 
(poudiog  auiineti ;  tliusi: 


I 


CO.ONH,(C,Hj)  CO.NU(C,Hj) 

I  =  H.O     +      J 

L'O.OH  Cn.OH 

Add  etbylnmmonlum  Ethjrloxkmlo  aeld. 

okaUte. 


fefethrloxamic  and  phenyloxaraic  acids  are  aUo  known.  These  acid  ethcra 
are  luetameric  with  the  neutral  oxamic  ethers  coutniuing  the  Game  nleohol- 
ra^lirled. 

The  replacement  of  both  the  hydrogen-atnms  in  the  pmnp  Nil,  in  ox- 
Muic  acid,  would  also  yield  inonobiiaic  ucid  ethers  ;  none  of  these  are,  hiiw- 
e»er,  known  in  the  free  slate,  but  the  ethylio  ethers  of  dimethyl-  and 
difthyl-oxanile  acids  liave  been  obtained,  e.  y.,  eliglic-Jimtlhi/l-oxamate, 
(C,0,)N(Cll,),(()C,Uj). 

CO.NU, 

Ox  amide,  N,tI^(C,0,)^  |  . — This  compound  is  formed  by  the 

fO.NII, 
Action  of  heat  on  neutral  ammoiiiuiii  uxnlnte,  but  ia  more  advantageously 
prepared  by  the  action  of  ammonia  nii  miitral  elhyl  oxalate.  It  is  also 
fcruiivi  in  several  reactions  from  cyn!i<i(;ini  and  cyiiiiides  ;  an  atjuetms  solu- 
tion of  liydrocryaiiie  acid,  mixed  with  jiydriijjeii  dioxide,  yields  a  crystal- 
line <lep««ait  ofoxaniide  :  2r.MI-|-  H,0,  =  t',Nill,*'i- 

Oxsmide  Is  a  white,  light,  tasteless  |«iw(ler,  innuluble  in  cold  water, 
■lightly  soluble  in  Ixiiling  water,  insoluble  in  nk'nbiil.  lieated  in  un  open 
lube  it  volatilizes  ami  forms  a  cryslallliie  siiblimnti';  but  its  vajmr,  posiied 
tlirough  a  n-d-hot  tube,  is  completely  resolveii  iritu  rnrlKui  monoxide,  aui- 
tuouiiim  carbonate,  hydrocyanic  acid,  and  urea  (caibaiuidej  : 

2C,N,n.O,    =    fO     -f     CO,     -f     Nil,     +     t'NU     +     CN,H,0. 

I>ilat«  mineral  acids  doconipose  it,  yielding  an  ammonium-sal t  and  free 
oxalic  acid  :  «.  y., 

C,N,II.O,    -f    SO.H,    +    211,0    =    80,(N11,),    +     C,H,0, 

Dimrlh^ornmuU.  N.fr.n.'jn^Cf H,),,  is  prmluced  by  the  dry  distillation 
of  methylauiuioninm  nxalate : 
|k  C,(NH..CU,),0.    —    3H,0    =    C,N,n,(CHj),0,. 

^^hyloxamlde  and  dl.imylnxaniide  are  obtained  in  a  similar  manner. 
The  iuiido  of  oxalic  acid  is  not  known;  its  nitrll  is  dicyanogeu,  C,N,. 


789 


AMIDES. 


By  abfilFactioD  of  fonr  noloealec  of  wslvr  troia  t]i«  nralral  ii 

aalu,  D  i  t  r  i  1 8  or  c  y  a  u  i  d  h  a  of  the  corrcsiwudiiit;  <liBUnBiv  alcnbet-i 
cltis  nre  produced : 


1 


tit  beet*  ryiiobd*. 


Tho  Aiuic  lOcida  of  tliiti  group  at&  aUa  formed  b,r  Mling  ll^i^  (mUif*  ftUK 

sUiHiiiiamJc  acid,  ('^If^NOj, ;  mid  (lie  noutnil  naiUh^a  ^r\*  Utnntni  Uy  •hakiaf 
up  tbta  corresponding  neutral  etLera  wltb  Aquvotu  AumioniA ;  «.  y<. 


<^«o.<JJ^;li^   +    2^"^".    =    2C,n,(0U>    + 


-NH, 


r>j«tli)lla 


£ihyl 
alcuuol. 


OxAIBllI*. 


The  lypic  or  extrs-radicU^  hyilrogpn  in  t)iiMi«  nmiilra  miijr  bo  rti'jiljnd  tj 

slcolinlicor  bjr  acid  radii'li'ti,  t)i(*ri'by  pmdiiririK  alknUniidM,  aavondMr  oi 
U>Tiiiay  ijia»iid««,  ftr.  Tliu  modes  ot  producing  surli  oompoiuKla  mMj  bt 
imduratond  from  tlie  following  otjaalioiui : 


rA<:^f,".<^'«.>   -   H,o    «    cA<^'r"*^ 


^ 


OJlLlLJJLlfi. 


AC  1(1. 


AabfdrMe, 
oxtlnif. 

nici,   + 

chLlurlilr. 


EthyUmiae. 

+  2(ril..KH,) 
HethyUmlBS, 

2{C.II..Kn,>    . 

£tiij>l»mlu«. 


+     C.H.<J^!(.C,H. 


EthyU 

+  1-0  ^?''"<'"i 
i-  '^•■"•■<VNH.CH, 
Dlnictb;]. 


2(Cjn,.on) 

atculiol. 

2IICt    +    COCNII.C-H,), 
nifihvi- 

earti«ul4r. 


2C.".<rf!>NAg  +  C,H.<f,(,;^  -  2Aga  +  N.(c,H.<;;*^;). 


AniCD  t  o-ty  celal  m  Idc. 


Sfivplnjl 
eliJorlile. 


Triiueclolffllds. 


Amide*  of  Oxalic  Aeid> 


i»  ffoilaiK'd  h^  b«allng 


rO.Xtl, 
Oxamlo  A  old,  C,ll,NO,—  | 

Cll.OIl 

ntnmnniiini  oxsIaIo  to  ikhout  230^  C  f44(P  F.) ;  itlso  ah  ttn  nmmoniD* 
snlt  hr  Imiling  oxninidn  with  Rfjiimi:.*  unimmii*'  <",ll,X,Oj4- M.i'« 
f,n,(NII,)NO,.  Oxniiiic  add  Is  a  vrUite  crystal  I  im-  pnwilcr  »|>tiri'in(h  h4j^ 
hie  in  mid  wati-r,  Hiill  ](■«■  iiolnbli;  in  alcohol  and  rth<<r.  It  in  tnoniiluiiiv 
and  fornm  rmitii'roiiM  orvntalHiii'  mi'lnllle  salt*. 

"xaniic  pthiTs  mny  l)n  formed  Uy  milintltntlon  of  alpohol.ndirlx 
for  li,rdrogon,  iltlii'r  in  idc  jtroni'  NH,  or  in  llir<  croiij)  (III  of  oMinlr  irit 
the  n-MiiltlnK  Klhc'r»  Immiik  sriii  in  tlii'  fonriKr  cAne,  ni'ittral  in  th«  I»ti<r. 
The  npiilral  i'IKbdi,  ivUo  lallcid  oxftmethftnri,  i»re foraioil hjr  thr  artl* 
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of  ainmonU,  iu  tbo  gascoos  Ktute  or  in  alcoholic  solution,  on  neatrol  oxalic 
ither* :  Uius : 

CO.OC.Hj  CO.NU, 

I  +    NH,  =   r.n^.oH    +    I 

Elliyl  u&aUte,  Alcohol.  Ethyl  oxmontc, 

Thi        "      -     ';illin<'  bodifs  Rfilable  in  alcohol,  ili-cuiiiposeil  \>y  lj<iiling  water," 
yit  :  iiiuiii  uxuliili-  uiid  the  oorrosiiuniliit};  iilroluil. 

Tl. ila-rs  of  uxaiiiio  acid  containing  oxii'  eqtiiralpnt  of  alcohol- 
radicle,  nri.'  ]iroiluo.Hl  by  dutiy<l''<it>oo  of  the  acid  oxalates  of  the  corru- 
Bpoudlug  aiuiue* ;  thus: 


CO.OiNH,(C^5) 
cu.oll 

Acid  ethyUmmonlum 
onalsle. 


=    H,0     + 


CO.NH(C,H,) 
to. nil 

EtbyloxAiDlc  Hold. 


JMvlliyloxaniio  and  iilii^nylnxainic  acids  arc  also  known.  Tbpsx  arid  ethors 
are  nintainerio  with  the  ueulral  oxauiiu  others  containing  the  sauie  alcuhol- 
radiolea. 

The  replacement  of  both  the  hv-drogen-atoms  in  the  proup  JJH,  in  ox- 
junie  aciil,  woiiM  also  yield  lunnob.-isic  acid  ethers;  none  of  these  are,  how- 
ever    '  ill  the  free  stale,  but  the  ethylic  ethers  of  diiuethrl-  and 

<li>  '  '    nri<U    hare   been    obtained,   e.  </.,   elhylk-diihedii/l-tixamate, 

CO.NH, 
Ozamlde.  N,II,(C,Q,)^  I  . — This  coinponnd  is  formed  by  the 

fO.XII, 
„.  ii.ri,  ,.r  hi'.tt  on  neutral  auiuioniuin  oxalate,  hut  is  more  sdvantngeoualy 
I    l>y  the  action  of  aiiiiiioniu  on   neutral  ethyl  oxalate.     It  is  also 
t  !  >  sureral  reactions  from  cyano|,'eii  and  cyanides  ;  an  aqueous  koIii- 

Itjon  of  hydrtNryauic  acid,  mixed  with   hydrogen  dioxide,  yieldit  a  crystal- 
hin«  deposit  of  oxamide  :  3("Nli-|-  H,0, ^r,N,ll,<>^ 

1^  OsBUiide  is  a  white,  light,  tasteless  jK>wder,  insoluble  in  cold  water, 
kltclitly  soluble  in  boiling  water,  insoluble  in  nirohol.  Ilcutcd  in  an  open 
r*  ■  ■  '■  lijU'-s  nud  fnrniH  .1  crystalline  snlilimale;  but  its  vapor,  pas»e<l 
'hot  tube,  in  (^onlpletely  rc*solv»Ml  into  (.arUtii  monoxide,  am- 
L  i.. .juate,  hydrocyanic  acid,  and  urea  (carbamide^  : 

I       2C,N,n.O,    =    CO    +     CO,    -f     NH,    +    CNH    +    CN.H.O. 


2c,N,n.o.  = 

iliito  mineral  aeidg  decompose  it,  yielding  an  ammoninm-Balt  and  free 
kaUd  acid:  t.ij., 

=    SO.(NH,),    -f-    c,n,o. 


c^,nA  -f 


+     2II,0 


Dl. 


so,n, 

I'SJi'.  N,(r,0,)n,(CH,)i,  is  producod  by  the  dry  distillation 
iiinium  oxalate: 


C,(NH,.rH,),0.    -    2H,0 


c,N,n,(cn,)A- 


lo  and  diamylnxanilde  are  obtnini>d  in  a  similar  manner. 
f  oxalic  aci<i  is  not  known ;  its  nitril  is  dlcyanognu,  C',N, 


784  AMIDl 


AmidtM  •/  Smeeimie  Atid, 

Snoolaamle   aoid,  C,H«<^;^^,  toned  br 

mide  with  baiTU-wmtar,  ii  ciTaUUina,  aad  b  aaai^  iwolrad  bgrth* 
of  alkmli«a  iato  aoooiiuo  add  and  ammiiiita. 

Snoelnlmld*,  C,H«<^^NH,tewdl7lMirtii« 

dride  in  a  itream  of  irj  ammnnia,  or  l^  dMSlatiOB  vt 


■acoinate,  crjataUixa  in  rhombie  jdatM  wwtahifag  oiM  mbJMluikt  dfnML 
dissolves  easUy  in  water  and  in  alMbol,  awttt  at  UIPC.  CSB8.S0  F.),  iW 
boiU  at  2880  c.  (550.4P  F.)- 

A  liot  aluoholio  solDtion  of  aaodnimide  nixed  with  a  UttU  ainmniiiaaal 
then  with  silver  nitrate,  yields  oa  sooliBg,  Uiga  OTatala  of  argeatii 

suooinimide,  C,H«<^^|^MAg ;    and  the  aolntiOD  at  this  salt  tail 

small  qoantit/  of  ammonia  leaves,  oa  spoataaeoDS  evaporatloa,  a  i/isff 
liquid,  whieh  gmdaall/  soUdiAes  to  a  maaa  of  haid,  brittlo  mtsIsIs  M 

argent  am  moninm-sncoinimide,  C^H4^^^^N(XH,Ag). 

The  aoid  oharaoter  of  sncdnimide  esUliited  in  these  salts  is  liksvtai 
shown  by  other  imides,  the  groop  MH,  whaa  sssnristed  witli  00  (is  ii 
oyanio  acid,  CO_zNH)  or  with  C^,,  as  in  the  salts  above  deseribed,  bt' 
iiij;  capable  of  exchanging  iu  hydrogen  for  metals,  like  the  group  OH  ii 
aci<U. 

Svoolnamlde,  C{H,(CO.XH,)„  separates  ss  a  white  powder  vbn 
neutral  sininumuiu  Huccinah;  is  shaken  up  with  aqueous  ammonia.  Itii 
insoluble  in  cold  water  and  alcoliol,  but  dissolves  in  hot  water,  and  Kp*- 
rates  tlierufroin  in  sloixler  nmidles.  At  20(K>  C.  (39^0  F.),  it  is  resolrat 
into  ammonia  and  succinsmide. 


Amidet  of  Carbonic  Acid. 

XII 
Carbamlo  Aold,  (^0<^j^' ,  is  not  known  in  the  tn»  state,  tlui 

is,  as  a  hydro^'un  salt,  but  its  ammonium  salt,  (('0)(NII,)(ONH,),  ent«n 
into  the  coiU{>Ortition  of  commercial  carbonate  of  ammonia,  ami  is  prodon^. 
as  already  noticed  (p.  3IS),  by  the  direct  oombinatiiin  of  carbon  diouh 
and  ammonia-gas.  This  salt  is  easily  obtained  pure  and  in  large  qnanti^ 
by  passing  the  two  gases,  both  perfectly  dry,  into  cold  alwulute  sleoM, 
separating  the  copious  crystalline  precipitate  by  filtration  from  the  grelM 
part  of  the  liquid,  and  heating  it  with  absolute  alcohol  in  a  sealed  toheti 
10  JO,  or  above.*  The  liquid,  on  cooling,  <lepo8its  ammonium  carbamate  is 
large  crystalline  lamina,  which,  if  perfectly  dried  over  oil  of  vitriol,  isi 
then  heated  iu  a  sealed  tube  to  13(K>-14(IO  C.  (260*0-2840  F.),  split  up  is» 
ammonium  carbonate  and  carbamide,  one  molecule  of  it  giving  up  a 
cule  of  water  to  another  : — 

2CN,H,0,     ■-     CN,n,0     +      (NH,),rO, 
Ammonlun  Carbamide.  Anmonlum 

aarbamatc.  earbonatc. 

•  Kolbe  and  Basaroff,  Ohea.  SocJooraal  (t],  tL  IM. 


OARBAMIC    ACID 


tuuuHic  Ktusrs. — Carbamie  acid  foriiMiicid  and  ueutral  t-thurs,  scourd- 
Ijr  u  an  aUuii  oi  hvdrouen  in  tliu  group  MU,  or  Ull  is  replaced  by  an 
ibol-ndicle. 


is  not  known  in  thu  frco  state,  bat 


'Ikj^tarbanuc  acid,  C<J<^'  .. 

rthjiammonium  sail,  (C'0).NU(C,Hj).<.>Nli,(C,Hi),  is  produced,  as  a 
r-HliUe  powder,  by  piu-:<iug  uarbun  diuxidu  nilu  iiiilijilruiiti  etlivluinine 

ta  treexiii};  mixturp.  Its  aqul■oll^  siiUitinn,  like  ttiat  i>t'  iiniuuiuiuni 
o,  diK-:i  uut  precipitate  barium  cliluride  unless  aided  by  heal. 
Iiylamuiuuiuui  salt  u(  iiietlii/lcarliamic  acid  is  ubtuiued  iu  a  uimilar 
atral  carbamie  ethen  are  called  urethnnes.  Ethi/l  carbamate, 
itply  urelham;  is  produued  :  1.  Uy  leaving  etkyt  carbonate  in  cou- 
wilit  a<iue<>us  ouiuiunia  ; — 

c<»<oc;!l:  +  Nil.  =  cji.ou  +  co<^;'j.„^. 

Bjr  the  action  of  ammonia  on  ethyl  chlorocarbonate  (alcohol  saturated 
igeue;:— 


Jj  passing  cyanogen  chloride  into  alooliol : — 

P    CNCl    +    2C^Hj{0H)     =    C,H,C1     +     CO<[J^^?'^^ . 

B/  direct  union  of  cyanic  acid  witli  alcohol  : — 

CONH     +     CjUj.OH      =     CO<j^i"'jj    . 

I  compound  crystalliies  in  large  tables,  melts  somewhat  below  I(X)0, 
I  at  IMP  C.  Ciiii^  v.):  dissolvwt  easily  in  water,  akxihol,  and  etln-r. 
deoora|xis<<<l  by  nIkalieH  into  earbciii  dioxide,  oiumonia,  :ind  aleoUol, 
r  nmmouia  iulu  alcohol  ami  carbamide  : — 


I 


-NH, 


^^<>"X  +     ^'"*     =     ^''"'""     + 


CO<^H, 


IL 


vther  nrethanes  homologous  with  ethyl  carbonate,  arc  obtained  by 
Imt  reactibua,  and  exliiliit  similar  properties  and  deLxjiu|Hi9iliuns.     The 

ll^I-oompound,  CO^Jw.Ti    ,   forms   tabular  crystals,  melts  at  5'2P>  C. 

i.eo  P.)>  and  boils  at  177'-'  C.  (350.fio  v.).     The  isopentyl-compound, 

NH 
Crjr^l     '  "ry"'''"'*''*  from  hot   water  iu  needles  having  a  metallic 

w,  melu  at  (JOO  C.  (100.8c  K.),  and  boiU  at  230O  C.  (42bO  F.). 
'kioearbautie  Aeid,  ^^'^aii    i  ^  obtained  by  decomposing  its  amroo- 

n  aalt  with  dilnte  sulphuric  acid,  as  a  rtnldish  oil,  which  easily  splits 
alo  thiocyanio  acid  and  hydrogen  sulphide  : — 

C3(NH,)(Sn)     =    CS.XH    +     Sll, . 

ji  water  it  yields  cyanic  acid  and  hydrogen  sulphide  : — 

CS(Nn,)(SH)     -I-     11,0    =    CO.NH     4-     2SH, . 


ISC 


AMIUBS. 


Ita  amiuouium  salt,  C6(NH,)(S.NH,),  formed  by  tlie  action 
aminuilia  ou  CiS,,  vrystallue*  iu  yeliuHiali  iiuettli^  or  prtauu. 

Acid   thiocaroauiiu  etlivnt,  ur  ratlier   ttioir   niuiiiu  sattJa,  aro   furawd 
heatiug  carbou  duulphiJe  with  amineM  in  alix>hi>liu  solution  : — 

C8.    +     2(C.H,.NH,)      =      t•8<^("•H'.'^,„^ 

EthyUmlDc.  KinylnniiBOBM 

«tliyl-tutvcarl>aaial«. 

On  hi'ating  tliU  salt  with  caustic  8ci4a,  vtlivlaiiiiiix  1»  K>»|>Aralo<i,  an 

elhyl-tUlocarbamate,  C3<^^  ■  ■>    '  ,  i»   pruductnl,  firnia  •! 

drooUorio  acid  separates  eth  vl -t  liiocarbanile  Ae\d,  CS^W^ 

as  an  oil  wliic-li  sulidifief.  to  a  i'r>»lallini^  luasa  on  ixi<>Uii|(.  By 
the  aininv  salts  of  vthyl  thiuvarbaiuic  avid  Iu  IW/^,  alcwhulic  iLl 
amides   are  producud  (p.  793),  r.  jr., 

c-<J'!/a.,,=   ^   +   c«<" • 

Elhylamnioulc  eiliyl-  Dtetliyl-i  >.!•. 

tUiucArbamnte. 

By  heating  the  sanio  aniimssalts  with  motolUr  lalU,  M  •ilrvr  bIIi 
mercuric  chloride,   salts  uf   ethyl-thiocarbsialc  •eld   ar< 
taled  :  «.  5;., 

and  thuso  salts,  wht-ii  Ixiiled  with  water,  yiold  thioo*rl>lnilil»i: 


CS 


<^^ 


NU.C.H,    _ 


Carbimid*.  CO: 


NH  or  N 


=    AgllS    +     CS^N.CjHi  . 


{liO.i^t. 


le  a^mu  as  cyant 


of  Ihti  r(>artinii8  iif  i^vanlo  anid  are  mofit  appmpriatoly  ri  ^ 
formula  just  Kivfii.  RSiH-cially  il6  rrsululion   lnt«  carbon  lUoxid* 
munia  under  the  inHiionce  ot  acids  or  allcalii«  : 

NU(CO)    +     H,0    «    NH,    +    00,; 

and  the  cnrriisponding   fonnatlon  of  Ptliy)amln«  and    Its   hopim 
diiitilling  ixiH'yniiii^  •■titers  (alcoholir  carlijuiidi'n)  with  |K>lajili 
In  like  lunniuT  IhiiM'vanle  oclil  ur  sulpl  •■•>■"'■    ■■  'i    i'\<ii 
with  thiorarhiiuido,  (^S     Ml,  mid    the    1- 
thiocarhiiuidiis  ;  allvl  iHtitliii>cyaniil«  or  t 

plij,    is    lh«   same   as    allyl-thiuoaibiiuide,    Cd— ^.C,H,   (■«•    'f 
Kturiis,  p.  .'>4tl), 

Carbamtda    or   Urea,    CON.H,  —  CO<]J[{' .- 

o»vur»  nliiimlaiitly  in  the  urine  of  mammnlin,  anil    > 
that  of  birdn  and  of  sdiok  ropliliia  :  alxo  in  ulhttr  ai' 
proiluci',1  arlitlcinlly :    1.    By  a  tra>iii|iosition  of  ttie'H" 
ainiiioiiiiiiit   I«u<-y8uate,  whU'h    lakes   place  when   its   a<| 
«vn|H)ratt<d : 

CO::rN— NH,    —    C0<;' i| 

This  traniformatinn.  iliicnrenxl  by  WBhIvr  in  1838,  waa  tbo   irst  I 
of  thi>  arliflcial  furtuatlun  uf  a  product  uf  the  Urlng  or|aiUsia  (jk. 


-Thia 


CAHBAHIOE    OB    l/REA. 
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Bjr  Uu>  aoliuu  of  aiumuiiis  un  carbon;!  chloride,  or  on  ethjrlic  var- 
ftte: 


co<^'yi'- 


NH. 


H.O    + 


COClj  +     2NH,    =    2HC1  + 

tCO(OCH,),  +  2iNU,  =  2(C,Hj.0H)  + 
Bj  hea.tlng  umuuuiam  carbamate  to  13(K—140O : 
■ 


CO(NH,), 
CO(KU,),. 


fBy  beating  oxaiuidu  with  mcrcaric  oxjde : 

C,0,(XH,),    +     HgO    =    CO,    +     Hg    +    CO(NH,),. 
Ij  the  action  of  mnall  quantities  of  acids  on  cyanamidu : 


■"<S!.NH 


+    u,o 


co<:^: 


NH,  ■ 


It  Is  alto  pmdni-ed  by  lh(-  acticm  of  alknlics  on  creatine  and  alloiitotn, 
ad  by  oxidation  of  uric  acid,  guanine,  and  xiuuliiiie. 

^Hpara/ian. — 1.  From  nrine.  Frt^h  human  urine  is  concentrated  in 
||Ber-bath,  until  reduced  tn  an  eighth  ur  a  tcutli  of  its  original  volume, 
■d  Utared  through  clutb  from  tlie  insnluMe  ilt-poHit  (if  urates  and  pUus- 
ImIc*.  The  liquid  i-i  mixed  with  abuut  an  equal  quantity  of  strong  solu- 
bD  of  oxalic  acid  in  hot  water,  and  the  wliule  vigorously  agitated  and 
ift  to  cool.  A  rery  copious  fawn-colured  crystalline  precipitate  of  urea 
II*  is  thus  obtaiUMl,  which  may  be  placed  upon  a  cloth  filter,  slightly 
rith  cold  water,  and  pres^eil.  This  is  to  be  disHotred  in  boiling 
ater,  and  powdered  chalk  added  until  elTervejicence  censes,  and  the  liquid 
■comes  neutral.  The  solution  uf  uresis  filtereil  from  tlie  insoluhle  cal- 
om  oxalate,  warmed  with  a  little  animal  charcoal,  agnin  tillered,  and 
woentrated  by  evaporation,  avoiding  ebullition,  until  crystals  form  on 
loling  :  these  are  purified  by  a  repetition  of  the  last  part  uf  Ibe  process, 
aoiher  procests  consists  in  precipitating  the  evaporatcii  urine  with  con- 
tntnted  nitric  acid,  when  urea  nilrnle  is  prectpitiiled,  which  is  purifltsl 
r  recrystallizatiun  with  the  aid  of  animal  charcoal,  nnd,  lastly,  decom- 
med  by  barium  carbr)nBte,  whereby  a  mixture  of  barium  nitrate  and 
MA  u  formed,  which  is  to  be  evap<>rate<i  to  dryness  on  the  water-Viath, 
•d  exhausted  with  hot  alcohol  ;  the  urea  then  crvstnllizes  on  ixxiliiig. 
»••  may  also  l>e  extract<-d  in  great  abundance  from  the  nrine  of  iiorscg 
id  esttleduly  concentrated,  and  from  which  the  hippuric  acid  has  been 
iparat'*!  by  addition  of  hydrochloric  acid  ;  oxalic  acid  then  throws  down 
m  oxjilal*  in  such  quantity  as  to  render  the  whole  semi-solid. 
3.  From  ammonium  isocyannte. — Potassium  isocyanate  is  dis- 
ilrM  in  a  small  quantity  of  water,  and  a  (|uantity  of  dry  neutral  ammo- 
um  sulphaU),  equal  in  weight  to  the  cyanate,  is  added.  The  whole  is 
ra|>oratc>d  to  dryness  in  a  water-bath,  and  the  dry  residue  lK>iled  with 
nmg  alcohol,  which  dissolves  out  the  urea,  leaving  the  potassium  sul- 
lute  and  the  excess  of  ammonium  sulphate  untoucbe<l.  The  filtered 
tlntion,  concentrati-d  by  distilling  off  a  p<irtion  of  the  spirit,  dejwwits  the 
re*  In  beautiful  crystals  of  considerable  size.  Aeo<irding  to  J.  Williams, • 
ocyanate  of  lead  is  more  convenient  for  this  preparation  than  the  potaa> 
nm  salt.  It  is  to  be  digested  at  a  gentle  heat  in  a  sufficient  quantity  of 
•ter  with  an  equivalent  quantity  of  aimuonium  sulphate,  and  the  liquid 
llered  and  evaporated. 


•  Ohem.  Soe.  Joamal  (ISM),  xxl.  ei, 
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Urea  formg  transparent,  c<i|oHr««,  fnur-«iilmi   prisma,  wbich  art 

drous,  solulili!   in   lui  »|iiiil  wciKliI  of  coM  w,ii.  r     .t,.i    ,,.    i   ,.  ,,.  l 

quantity  , 'It  a  high   tciujwrsluri'.     It  U  also  t 

It  iH  incxlurous,  liaa  a,  uouling  baliuu  tjutv,  int 

dry  air.     When  hcati^t  it  mrlts,  ami  at  a  liiglif-r  i' 

givinj;  off  oiuuiunia  and  animoniutn  cyauatf,  aiul 

wliicli  Ijxitra  a  niiicli  gruatvr  licut  witlmut  ultangc.     '11. 

ia  nuutral  (•>  tr«l-ijapt!r ;  it  in  nr>l  iloc<Mii|iii!tc-<l  iu  tilt)  vol) 

cak'ium  hydrnto,  but  at  a  builtiiii;  li' 

cart>iiaat»*.     Tlii*    sum*?   cliaiigc   i^ 

hydiutus,  and  wliun  arua  is  lieatisl  v  ---. ,  w 

ralure  alwv«  lUtP: 

COU.N,    +     U,0    =    CO,    +     2NII,. 

Urea,  licatcd  with  a  large  vxcosa  of  potaasiuni  {><<niiangmiiat«,  in 
of  uiuuli  free  alkali,  giviu  oil  all  iu  nitro>;en  in  Itic  trvv  statv,  dUtai 
lliiii  rui«p<K't,  from  niu^t   aiuidus,  tttu  nitrujjcM  of  wUiclt  ia  oxidiwd  hj  ( 
triNttuKMit  to  nitric  auid. 

I'ri'a  ia  iustautlr  decolopost'd  hy  nt'/rniw  aciil  into  carboQ  diiMdilc,  I 
g.jn,  and  water:  LUll,N, -+-  2N(),il  =  ro,  ->-  2N .  4-   lli.o     li.  .  .U 
ailiou  explains  the  Ufm  of  urea  iu  prHpuriii^   i 
chloriuf  tjtm  ia  pa^ifuil  ovi«r  tiit<lt«^(l  iirva,  liyilr<«  < 
evolriMl,  and  tlicri-  ri-uininis  a  mixture  of  iiul-aiuiuuui«u  auU  %)*jk>ii%ti 

6C(JII,N,    +     301,    =    2<.',ll,NjO,    +    4NHja    +     aHO 

A  solution  of  pure  area  showB  so  tondcDcy  to  ohsnir«  hr  kavptntc, 
ia  not  decoiiip<:isi'd   by  lioiliuj; ;  In  lh«   nrin<',  on  lli. 
isusocibted  with  putrollaMc  or);aiiio  niiitti<r,  as  uiii'  • 

In  (lutrid  urine  nu  uri-a  can  be  found,  b'l'  '  ..n 

canim  briisk  olfiTvojiwiRe  with  an  iicid  .  ol 

lunt;  boilod,  it  gives  off  asimouia  and  cai!  -.    ..    j^aum 

Co»lpo^^D»  OP  URxa. — 1,  With   A  el  da. — rnnt,  like  tt\rrt^rt¥, 
\rit)i  aciils,  banes,  and  salt*,  but  thonjili  adiauUdr,  it  ci  ih  i 

one  nioUinile  of  an  acid,  ouif  of  its  niiildofccn  gronpa  bei; 
the  ft)-  proup. 

The  mirnie,  rtl,N,O.NO,H,  in  rAOililv  srtlutiln  In  WBti-T,  aD<l  i 

from   thn  aqneoun  wolulinti  it>  l -    t,ri.,iiis    imi    Mli.'tiiK-  at.lnl^^ 

acid,  anil  ia  therefore  pr'  ••luwlsil 

of  nn-n.     The  oro/<i/r,  (<  i  .  u,  rrjataJH 

pri-cipitate  by  mixing  tli«  a<|tiix*ua  tuilutioua  u(  ujialiu  a4jU  ««•!  Ufiwi  i' 
Iinl  «li)>htlv  soluble  in  water. 

3.   With'  Metnlllo   Oxides.—' 
tinn  of  urea,  the  ixmitMiund,  00111*'  •••ttf  | 

made   up  of  flue   newlleii.     .1/  i 

mixed  with   (HitAsh.  forms   a  u 
With  mrrrurir  c/iloriitr  a  whit**  j'       _,  . 
water,  liirng  yellow,  and  U  ramviirU'd  Into  fiMi 
curie   oxide   to   a   warm   Bolutioo    of  urea,  Hi 
appnam  to  lie  prodnw-d. 

3.  With   Sal  ta . — On.erapnratlnft  a  aolution  M  Dreit  mixMl  wltK  i 
r^/o  ' '  Hiiid  ('OH, N,.Nn<'l  in  obtained  In  ahlnlng    prtaa 

nin  ^gNO,,  ublaineil    Iu   a   aiuiiUr    maiumr,    ttrmt 

rh'ii..;..    ,...-...-. 

Isnretliie,  CII^NjO,  iaomcrie  with  nrca,  [a  formwl  h^  ilirpA  owl 
I  of  b/dni}{en  cyanid*  (earlrfmld«)  vrith  h/dnntjrUmliM .  CNU  ^  ', 
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CH,X,0,  And  it  obtained  by  evaporation  in  long  oolorlras  needlen,  baring 
*«trimK  alkxlinf  ruaction,  and  mcltinf;  at  104O  C.  (21!>.20F.).  Ilii  bydro- 
cUlnnd--,  L'iliN^O.Hrl,  furmx  deliqui'soriit  rhombic  plaUti. 

Uiir-'liiie  iii-coiiiposes  alMve  its  mi-lliiig-ptiiiit,  yirldiiii;  a  sublimate  of 
amuiunium  curUmate,  and  a  residue  ixjutuiiiing  amiuelide  (p.  bi'.>).  Its 
aijucrouii  »uluUi>u  also  decouipoBcs  when  evaporated,  giving  off  nitrogen, 
ammonia,  and  carbon  dioxide,  and  leaving  a  residue  containing  urea  and 
kiurrt. 

Th«  consUtotion  of  iauretine  may  perhaps  be  represented  by  the  formola 

■CHf 

^NH.OH 

Hydroxyl-carbamldo  or  Hydroxyl-nrea,  CH,N,0,=  C0<^{|-°'^, 

ia  prepared  by  ailding  a  strong  solution  of  |Kilassium  oyanate  to  a  solution 
uf  livdroxylaniiuu  nitrate  tWod  to  — UKJ  C.  (14-  F.).  It  dissolv.-  easily 
io  water  and  in  alcohol,  and  in  precipitated  from  these  goluliuua  by  ether 
'    whit«  needles  melting  at  U8Q-UUO  V.  (2ti2.4C^2660  F.). 

Biuret.  CjHjNjO,,  ia  produced  by  he»ting  urea  to  lSno_i(!0O  c.  (3020^ 
SSilO  F.;,  the  ehtjige  wmaistiug  in  the  separation  of  oue  molecule  of  aui- 
Biboia  from  two  molecules  of  urea  : 

C0<^'|{'  CO<N". 


^NH, 


NH, 


Fb*  Uaret  ii  extracted  from  the  residue  by  cold  watur.  It  Is  easily  soluble 
ID  wat<T  and  in  alenhol,  and  crystallizi-H  in  slemler  nei*dles  uontniiiiu);  one 

'le<'iil«  of  water.  Its  aqueous  solution,  mixed  with  ]iotash,  dissolves 
Mprio  oxide  with  rtMl-violet  color. 

Biuret  heated  above  171)°  C.  (3380  F.)  is  resolved  into  ammonia  and 
,0  acid : — 


■wmc 


3c,njNA 


WImd  heat'id  in  a  stream  of  gaseous  hydrogen  chloride,  it  yields  cyannrio 
orva,  and    guanidine,  Oii^N,,   together    with    ammonia    and   oarhoa 
The  formation  of  guanidine  is  represented  by  the  equation : 


Ethyl  AUophanate.  C,H,(C,nj)N,0,  — C0<2Jh.C0.0C  H   ' 
SR^j^^'i'u^.  u  •   >B  produced  by  the  action  of  ethyl  clilorooarbonate  on 


3NH,        +        2C.!I,S,0,  . 


^^<^^ 


.NH. 


CO,    + 


Biuret. 


NH-c<N[|; 

Quanldine, 
^NH, 


+      COCl.O.C.Hj    =     HCI     +     C0<J5^, 
\if  passing  cyanic  acid  vA[>or  into  absolute  alcohol : 
2(C0.NH)     +    C.llj.i 


NH.CO.OCjHi 


—    ^"*=^NU.CO.OC,Hi' 


This  elher  fomui  shining  prismntio  crystals,  solnWe  in  hot  water  and  in 
alcohol.  Treated  with  caustic  baryta,  it  yields  the  barium  salt  of  allo- 
^banic  acid,  C,H,N,0,,  bat  the  acid  itself  cannot  be  obtained  in  the  fre« 
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state,  M,  wlixn  M>parBt49d  rrom  the  liarium  aalt  )>y  a  mineral  acid,  it  a  im- 
inivlixtply  riwulrMl  into  urea  and  carbon  dioxitlu.     A  s(*rii<s  of  aU(i|ihuiia, 
i'tlicry  ma.r,  however,  be  prepared  by  the  •ction  of  cyanic  acid  lui  raria 
aln>)i<>ls. 

Alltipliauic  aoid  is  related  tot>iur<H  in  UiusaniL-  msnui<r  ascarhamiei 
to  area: 

Cartiiunie  acid.  Urea. 

•"•^'^^NH.CO.OH  -       - 

Allopbanlo  acid. 

In  othor  words,  biuret  is  the  amide  of  alloplianic  acid. 

Trigenlo  Acid,  QHi^'A  =  CO<^t^y|p^,  jj_j,  jj  ,   is    produord 
passing  eyonir  acid  vai>or  into  culd  aldehyde  : 

3(C0.NH)    +    C.H.O    ==    CO,    +     C.n,N,0,. 

It  crystallizes  in  prisms  slightly  suluble  in  water  and  in  alcohol,  and  d^ 
couipiisinjj  when  heated. 


Biuret. 


^ 


» 
» 


Derivatives  of  Carbamide. — Compotmd  Ureas. 

The  hydrogen  iu  carbamide  may  be  replaced  by  alcoholic  or  by  i 
radicles. 

1.  The  alcoholic  derivatives  are  formed  by  proi'esses  sliiiilsr  I 
those  which  yield  carbamide  itself,  namely,  l»y  the  action  of  aiiuii>«  ' 
cyanic  acid,  or  of  aiuuionia  and  amines  on  cyanic  ethers  : 


CO=NH  +  NlI,.C,Hj 

COrrN.CH,  +  NH, 

COirN.CjHi  +  NH,.CH, 

00=N.C,llj  +  NIlCC.Hj), 


=     CO<iJ{J-'-"'"'  I  Ethyl-carhamiJp. 

=    C0<5||{|-*'""'  I  .Methyl-c.irlwmi.lf. 

,,,,/.NIl!c,Hj  I  .Methyl-ethyl-corta- 1 
—    ^"<«vMI.(U,   \     mide. 

=    C0<j5||-.^jj"»  I  Triethyl-carbsniid' 


L 


They  arc  also  prcwluced  by  heating;  isocyanic  ethers  with  water,  the  i 
tion  apparently  taking  place  by  two  stages,  thus: 

COzzN.C.Uj    +    H,0    >s    CO,    4-     NH,.C,H, 

and  COiJJ.C.U,    +    NH,.C,H.    =    C0<^;[}  [;«{]» . 

These  iwmpnunds  greatly  reseiiilile  nrea  in  their  properties  and  reaction 
They  combine  with  one  eijuivnient  of  an  acid.     By  lioiling  with  alkilu'l 
they  are  resolved  into  carbon  diuxide  and  amines, 

Mrlhi/I -carbamide,  CO'^J^.jj"      ',  crystallites  in  long  transpswnl, 
prisms.     Its  aqueons  solution  i»  neutral  to  test-paper,  and  if  soniewh*!  «« 
cuntrated  yields  with  nitric  acid  a  precipitate  of  the  salt  C,H,N,O.UN0,. 

Dimethylearbamide,  CO<^^y[;Jj' ,    produced    by    the   action  oj 
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^^orof  mcthylamlne  on  methyl  cyanftte,  crystallizes  easily,  iiu'lts  at 
'■J"  ('.  (2ti(i.»P  K.).  v.ilatiliiea  without  alteration,  and  forms  with  nitrlo 
^ia  tU.'  4»ll  C,H,N,0.11NO,. 

^^fl-earbamitle,  C0<^'}]-^«"»  ,  forms  large  prisms,  easily  soUble 

^ni*-r  and  in  alcohol,  m.-lting'iit  920  C.  (197. «o  F.).  Nitric  acid  does 
lot  prr<H[iitato  itn  nqurous  solution,  but  cryatala  of  the  nitrate  C',H,N,0. 
U^  arc  obtained  on  evaporation, 

^K^lkj/l-earbamidt,  CON,H,(C,Hj),. — Of  tliia  (Compound  there  are 
^^■odificationa. 

^^Utt/iyl -i^rhamidr,  f^O^v.,'  .'„' ,  formed  by  tlip  action  of  water  or  of 

il^iamiDe  on  elhyl  cyanatu  (see  aU>vt'),  cryt*taUizca  in  long  prisms,  melts 
I  112Q  C.  (233.tiO  K.),  and  t>oils  wiltiuut  decoinpodiliuu  at  26.i°  V. 
IW5.40  ¥.). 

t-Dirthjl-mrhanide,  CO^c^^jT'"'^'  ,  la  formed  by  the  action  of  diethyl- 

I  on  cyanic  acid  : 

COrjfH    +    NH(C,Hs),  =  C0<^[|-'";)'  .  | 

lu  at  970  C.  (aOG.CC'  F.),  and  boils  at  270Q-2fi(P  c.  (618a-5360  F.). 

i#Ay/-r<Ay/-co  rAa»ii</c,  CO<^tj..'.,  ,f   ,  formed  by  the  action 

hylamiue  on  ethyl  isocyanate,  is  very  delii[uesceut. 

\i»thyl-caTbai»iie,   CO<^jJjJ'J^i^,»^'  ,  is  cosily  soluble  in  water, 

bl.  and  ether,  melU  at  03O  C.  (127'.40  F.),  and  distils  at  2230  C. 
133.40  p.). 

Jkllgl-earbamiJe,  C0<^5.j['  *  *  ,  from  allyl  isocyanate  and  ammo- 
Is,  erystallixcs  in  flne  prisms. 

f'lyl-carbamidt  or  Sinapoline,  (^^'^vii  1  *ii^t  i^   formed   by 
allyl  isocyanate  with  water :  '1 

2(C0^:N.C,HJ  4-  H,0  =  CO,  +  COCNH.QH,), ; 
iMttinf?  allyl-isothiocyanato,  CS~N.C,H,  (volatile  oil  of  mustard) 
!lli  waterr  and  lead  oxide,  whereby  diallyl-thiocarhnmiiie,  CS(NH.C,H^),, 
6rsl  produce<l,  and  then  converted  into  dinllyl-carbnmide  by  the  aetiuo 
thf"  lead  oxide.  Diallyl-carbamide  crystalliies  in  larj;e  sliining  lamime, 
igUtly  soluble  in  water,  having  an  alkaline  reaction,  mid  melting  at  UKiO. 

Etkt»t-dicarbam  ide,  C,U,,N,0,  =  C,H,^x.,, ,..-, \h''  's^""'™*'*! 

■  I.:  ethone-diamine  hydrochloride  with  silver  cyanate  : 

,..2Hn    +     2CN0Ag    =    2AgCl    +    C,0,(NH,),(NH),.C,H, . 

to  sparinglv  soluble  in  alnohol,  easily  in  hot  water,  melts  with  decompo* 
"^    ,  M  1920  C.  (377.6°  F.)- 

flltfl-elhene.carbndinmldr,  C,0,(NH.C,H4),(Nn),(C,H,),  ad- 
two  modiOc^tions,  viz.  ; 

,XH-co->'ii(c,ii.,)  ^N(r,ii,)-fo-Nn, 

»»<^jJH_CO_NH(C^j)  ""*  "•'"•^N(C,llj)~CO— NH, ' 
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tibe  tret  pNdlMwd  trom  pIIi  <rl  i  - 
I  (^aiik  Mkl  and  <iicih^l-«i  < 


nml  ethenr-diuala*,  ibu 


Ateedalic  carb<imiit«a  cmiUiniiii;  rlintamic  rwltdni  aiw  bUo  |>ro(liin4  I 
uf  cartMunkles  »ilh  •Idirh.vdM,  irltb  vlluiiDatiun  iif  vaUr:  t 


AlWlfor- 


2CO<5JH. 

C«rb«iiiide. 


AcrolelB. 


Bfl 


Ib  lik*  Bwimer  the  eompoaada. 


Bepteoe'dlcarb- 
an  ide. 


CO.NH, 

trlcarbamltl*. 


I  arr  prodacrd  from  carbsmidv  and  anunlliol.     All  lh««i>  alileli^dir  < 
lid«a  are  rveolr»l  by  boiling  with  water  into  carbamide  and  aidubjrd*.^ 

X  Containing  Acid  Radicle*. — TiirlinmMi-*  n.ntntnin,'  t. 
arid  rsdirlet  are  formed  by  the  arti<m  of 
I  carbamide.     They  are  not  capabb-  of  forti 

I  them  Into  carbamido  and  the  (i>rrua^>iiUtug  aitd. 

R»#jr/-rar6<ii(iirf«,   CO^JJ}}'^'"'*^  ,  cry»lallii«i    In    Joog, 

IMMd]e«,  meltinf;  at  1120  C.  (233.6^  V.),  «lii;htl.r  itotuhle  in  en|d«ai«ri 

aloubol,  deeonu  -trU 

ncflifl'Tarhomiil'  lOliliai 

'  able  in  witl<  i , ~  i.|  aM 

in,    C.H.NjO,.  —  fl.  -uUlila 

lies  slightijr  soluble  ill  .             .           .  ai  a  i 
manner. 

•' '  '-y  ih.  arttai 

'  aoHMnUa,! 


piifVil  f  ir  r>\ 


Carbamides  omtitiiiing  diatomic  acid- radiclrs,  tncli  ta  glieJd- 
earhamidr,  CO<^'^^^C,H,n,  are  obtained  as  d(>rlTat]v«<«  of  nric  acM.  aW 
will  be  described  in  connection  therewith. 


Thlooarbamlde  or  Thlo-area.  rs»<^'^,.|*, 

miilf  aikI  Sulftfnirm* — Thi«  c*)!!!]''    ■     '  '    ' 
cyanale  to  17(1'=  I".  (3:tS0  p.)  r. 

if  Ilia  amiii tiiate.     It  i  i 

|>ri>iin(i,  .  !t.  in  wnlir      n 

Ml?' C  I-  '.  and  deconii'"' 

carbon  dmul|ihide,  hydrogen  sulphide,  an 
(p.  5-l!t).  Wbru  hr.nt.-"!  with  wat.-f  ti>  1  I 
into  itminnniiini  mill  .  «n<i  by  l- 

Utvchlurio  or  »ulplii:  in  dentmij 

C8S,H«    +     21i,<>     =     lO, 

I.,                     -=■,■■ 
onii 
boll  Hi. .J  ,1  , ,  !  ... 


alao  calUd 


• 'WUM^^HnM' 


+      'iSli,     ^      II, 


Thion«rbiunii1e,  like  carbami>li>,  forms  salts  containing  one  equivalent 
•rill.     The  nilralr,  r.SNjH,.H.NO„  forms  large  cr^-stals. 
Alonhnlio   ilffivativt'S   of  thiucarbnuiiile   ar»<   formed   by  the   processes 
haiUr  to  those  employed  in  the  prei>aratioQ  of  the  alcohuUo  carbamiUes  ; 
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CS=N(CA)    +     NH,    B    CS<;Nii 
Etbjl  tbioeyanate. 


N1I(C.H,) 


C8:ZN(C,Hj)     +     NII,(Cllj>    = 


Ethylummonium 
KthylUiThlocArb&mate. 


+ 


Elhyl-tlilo. 
carbuntlfjp. 

Mclhyl-«thyl. 
tblucKrbAmlue. 

Dlelhyl-tlilo- 
c«rbiiint<le. 


Tbaae  oomponnds  are  destilpfaurizetl  by  heating  them  with  water  and 
berenrlc  ozid«.  thp  sulphur  Wing  replactnl  by  oxyg<^n.  Those  containing 
Wo  n|iiivMl<'hts  of  aloohol-radioles  are  couverted  by  this  reaction  into  tlie 
<arr«»ponding   carbamides: 


tbereaa  the  mouo-sulistilulM  deriratives  arc  conrvrtod,  by  further  sepn- 
nUoo  of  hydrogen  sulphide,  into  alcoholic  cyan  amides  (mula- 
p.  549): 


NH(C,n,) 


Ethyl'thlooar- 
baaikde. 


H,S    -\-    CN.NH(C,Hj). 

Ethyl- 

oyauftmlde. 


Whwn  the  bisubstituted  thiooarbamides  are  heated  with  mercuric  oxide 
«Bd  amines,  the  oxygen  of  the  Nulwtituted  earbamide  formed  in  the  first 
la«tu>CR  is  replAied  by  imidugen,  NU,  and  substituted  guanidines  are  pro- 
daiwd  ;  thus  : 


^<NU:r;"|  +  NH,.C,H.+  HgO  =  HgS  +  H,0  +  C 

Illrth^l-thlo- 
earlMuil'le 


\nh.c,h, 

Trtctliyl- 
gunnaUiae. 


aitll-iiiantrfHimi'lr,  CS(NH,)(NlI.C,Hj),  crvstallizps   in  newlles  molting 

JaC  C.  (1!>2.2P  ¥.).     Oifthjil-thioiurlmmiilt,   CSCNH.CjHj),,  forms  large 

•a   sparingly  soluble   in  water,  and   melting  at   770  C.  fno.fiO  p.). 

\yi-U,iocarbamitU,  CSCNH.CHjXNH.CjHj),  melts  at   S40  C.  (129.20 


Mjl-Moemiamidf,  or  Thiusinmiminf,  CS<j*||*^»"«  ,  obtained  by  comW- 

of  allylthiocAfbimide  (mnstard-oil)  with  ammonia  : 

CS-JN.C,H,    +     NH,    =    C8<jJ|{-^»I^» , 

•-"•?.•«  in  shininc;  rhomWc  prifsms,  having  a  bitter  taste,  melting  at' 

•  N'j  v.),  and  deconiiKiRing  at  a  higher  tempiT.iture ;  easily  snlu- 

.•'•r,  alrohiil,  and  ether.     Its  sails  are  decomposed  by  water.      By 

I'Hiing  with  racrcoric  oxide  or   lead   oxide  and  water,  it  is  converti-d  into 

aU;l-rran.«midu,  CN.NH.CjHj,  which  is  then  further  nmvertod,  as  al>ov« 

nplaintHl,   into    triallylmulamino    or    sinnamino,    C.N.fNH. 

fi7 
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CAnSAMIOEB    roKTAIK IXn    DIATOHIC     AOID    BADICtt 
L'UlO    ACID    AXO    DBBIOBH. 

Uric  Add,  ('.NiH,0„  formerly  callwl /.. 
Riiiiiml  iiiguiiiMti,  mill  lia»  nnvi-r  bei'ii  formed  i 
\m'  pri'imrwi  from  huioan  urine  by  confleiitruii"ii 
I'hlnrir  acid,  ami  cryslallizos  out  after  Bomi"  time  in 
ilish,  translucent  grains,  very  tlitlic'ult  tn  purify, 
uiutliod  is  to  employ  the  Mlid  white  excrement  of  serpents,  which  laa  U 
easily  procurcxl:  this  consists  almost  entirely  of  uric  acid  and  awmoDina 
urate.  It  is  reducvtl  to  powder,  and  boiled  in  dilute  M.>lutiou  wf  wmtii 
potash  :  the  liquid,  61tere<l  from  the  iuaijjnifiitant  rraiduv  of  fn^Usl 
matter  and  earthy  phosphates,  is  mixol  with  '  '  liyiiruohtoric  Mi4> 

boiled  fur  n  few  minut(»,  and  left  l><  cool.     Tli  ia   ooUeeird  na  % 

filter,  washed  until  free  from  ]iota8!iium  ehlnri.u.  ^.,..  ...,,-d  by  g»MXithttL 

l.'ric  acid,  thus  obtniixHl,  lorms  a  gti»lt'ning,  snow-white  pciadir,  Ittth 
lost),  iuodorous,  and  very  sparingly  snluble.     It  is  »e<'ii   iin.l.  r  tin-  niioo- 
scope  to  consist  of  minute,  but  re(;ulur  cryetals.     It   di- 
trate<l  sulphuric  acid  without  appuruut  decum|xiaiticm.  n: 
by  diluti<m  with  water.     By  destructive  distillation.  .icUUct 

acid,  hydrocyanic  aciil,  c.irbou  dioxide,  aimunnium  ■  aod  al 

coaly  re.sidue,  rich  in  nitrogen.     By  fusion  »i;' 
yields   jiotnssiuui   cnrUiiiate,  cyanate,  and  c\ 

nitric  ai^id  and  with  leait  dioxide,  it  undergoes  ..., 

to  be  presently  rh'scril«>d, 

Urio  acid  is  bihosio :  its  mo9t  important  salts  »r<<  lUnru/  cif  the 
metals.     Aa'J  potrumium  uralt,  C5N,HjKO,,  is  de|Hiaited  from  a  tmi 
solution  of  uric  acid   iu   the  dilute  alkali,  a.'*   a  whito,  kparinKiy 
concrete  mass,  comi>oged  of  minute  nei.Mlee :  it  rei|uirea  about 
of  cold  water  for  solution,  is  rather  more  soluhh-  at  a  hl^h  Ivtup 
and  much  more  soluble  in  exoi-ss  of  alkali.     Smli.:,  I, 

potassium  snit  :  it  forms  the  chief  constituent  of  II 
the  joints,  calh^l  c/ialiL-sronrn,     AtnintmtHtn  urnff  '-  •nial 

oimpuund,  requiring  for  solution  iilioiit  looii  |  f  mlu- 

hlllly  isrerjmuch  increasiil  by  Hit-  pr<-«ence  i>i  .nr» 

salts,  as  sodium    chloride.     Tlie   most   roninion  of   tlio 
forming  a  bii(f-<xilored  or  pinkish   cloud  or  miiddiiie*H,  '- 
by  redissolntion  when  the  uritio  is  warmed,  consiata  of  a  tuiAliuxol  4i 
ferent  nrntcs. 

I'rie  acid  is  |i.irfrcljy  well  charnoferiicd.  rven  wli 
tily,  by  its  l»-h.ivior  with  nitric  acid.     A  umiill  jnir! 

or  two  of  nitric  acid  in  a  kmuiII    jMin    '    ■-     .' 

elfervesM-ncn.  When  this  solution 
ness,  and,  after  the  adilition  of  a  I 
of  nuunonin,  a  deep-red  tint  of  murexide  ia 

trnpiire  uric  acid,  in  a  more  or  l^-ss  advant" 
ini|>ort<<d  into  this  miintry,  in  larg«-  qnantitirs,  foi  ui.e  a  • 
the  uatno  of  i/u'ii"  or  A«i<no.      It   oomi*   chlelly  from  the    I 
habited   islett.  of  the  west.-m   con«t  of  S..     ' 
tion  of  the  e<iiintl<'.it   biidi,  that  itwcll  iii 

people  of  PeiMi    I,...     n...!  .1  (,.r   

brown  powd'i 

tivi«  oilor,  till' 

In  grrat  part  h>iIi  waU'i,  and  the  - 

ammonium  oxalate,  th<<  acid  havin, 

tittD.    Ouauu  tXtn  contain*  a  Iulmi  uuIIlU  ^u&uiiui. 
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Proiiuctt  formtd  from  Vric  Acidhy  Oxidation,  etc. 

When  nrio  acid  ta  subji-cted  tu  the  action  of  an  oxidizing  agout  in  pres- 
ence of  water,  it  gives  up  twoof  its  liydrogeu-atoms  to  tlio  oxidizing  agent, 
whUf  tlie  dehydrogoni^mi  residue  (which  may  lie  called  dehydnrio 
acid)  reactd  with  \rater  to  form   musoxaiic   acid   and    urea: 


Deliydurlo 

+ 

•iHjO 

Mesoxftllo 

2CH,N,0 
Urea. 

Mid. 

acid. 

The  separation  of  tbe  urea  generally  takes  place,  however,  l>y  two 
(ta^Ri,  the  first  portion  l>eing  removed  niuro  easily  than  the  second  ;  (bus, 
•  Uku  dilute  nitric  ai:id  acts  upon  uric  acid,  alloxan  is  produeM  ;  and  this, 
•lien  heated  with  haryta-water,  is  further  resolved  into  mesoxalic  acid 
lad  urea: 

+     211,0     = 


C.N.H.O, 

I>C'hydurlc 
acid. 

C.N,11,0, 
Alloxan. 


AlluxBQ.  L'ren. 


+     2U,0    =    C,Hp,    4-     CN,H,0 
MesoYnllo  Urea, 

acid. 


Alloxan  ia  a  monureii/f  of  mesoznlio  acid^tliat  la  to  Bay,  it  la  a  oompoond 
of  that  acid  with  one  moh^ulo  of  urea  niiiiits  211,0  ;  and  the  hypothetical 
dehydiiric  acid  is  the  diureide  of  the  same  acid,  dcrivml  from  it  by  aiUiitiou 
of  2  mole^'ules  of  urea  and  subtraction  of  4  molecules  of  water.  Now,  by 
htdnigenizing  inesoxalic  acid,  we  obtain  tartriiiii<:  acid,  C,H,0,  (p. 
*ih);  and  by  hyilrogenizing  alloxan,  we  obtain  dialuric  acid,  which 
two  bodies,  accordingly,  bear  to  urirr  acid  the  souiu  relation  that  mesozalio 
add  and  area  bear  to  dehyduric  acid  ;  thus  : 

c,H,o.  c.Nvr,o.  CjN.n.o, 

JlesoxaUe  Alloxan.  Uehj-durls  ^ 

•eld.  acid. 

c.n.o  c.NH.o. 

TarlroDlo  Dlnlurlo 

sold.  acid. 


C  N.II.O.  ; 
Uric  acid. 


■Bil  Joat  as  the  hypothetical  dehyduric  acid  yields  mesoxalic  acid  and 
alloxan,  to  shonld  actual  uric  acid  yidil  tnrtrnnic  and  dialuric  acids. 
Ttume  twdit«,  however,  have  not  been  obtained  by  the  direct  breaking-up 
of  uric  acid,  but  only  by  rehydrogeniring  the  mesoxalic  acid  and  allnxan 
which  result  from  the  broaking-up  of  its  dehydrogenized  pro<luct.  I'ro- 
ritinnally,  however,  dialuric  anil  uric  acids  may  be  regnrdcd  as  tartrou- 
ureide  and  tartron-diureidc  respectively  : 


Tartroolo 
aold. 

Tartroalo 
aold. 


+ 


CH.N.O 
Urea. 

2CH.N,0 
Urea. 


—  2n,o  = 


—     411,0 


c,nN,o, 

Dlalurio 
•  old, 

c  n.N.o, . 

Uric  sold. 


Th^  hodies  jnsi  mentioned  may  be  regarded  as  typical  of  three  well- 
definetl  classes  of  oompounda,  to  one  or  other  of  which  a  very  large  nunilwr 
of  uric   acid   prodncta   may  be   refcrre«l,  viz.  :    (1)  Non-azoti»<-d   bibasio 
iilf,  such  as  miMMixalic  aiid  tartrnnic  acid  ;  (2)  Monureiiles,  such  as 
alnrio  acid  and  alloxan,  containing  a  residue  or  ra.liclo  of  such  an  acid, 

».y.,  m««xalyl,  C,H„  plus  one  nrea-residue,  ff><Cj;n  •  (■*)  I*'"''<?'de8, 
•ueh  as  uric  aoid  itself,  oontaining  an  acid  residue,  together  with  two 
urt^-rcsidaea. 


SftKIOBS. 


_    mim  hfimfrnt  t»V^*aa&i  »aita,MBA  camtaimiaf 


a.oH 


c  <.*m 

Outte  mML 
«B— CO 


^NH— O0--CO— OO^ 


Ritra*ulMrt>i(urlc  Kid- 

TbloDunc  ukL 

Host  of  thcso  crimpounils,  whrn  trvAtxl  witli  »llt«lk<*,  am  wmoltti 
be  ciorr<«potulit>g  diAtoouo  ariiU  iiud  urr^,  tw  iu  iiraiaaU  at  < ' 

'c,II,N,<)«   4-     2H,0    =     r,f./ t      CON,H,. 

Alloxan.  Sa».  ll«i 

ft. 

CO,  +  NO,  4-  NB^nirtOjIl 

l)ll«u«4lir. 


(  wbich    mntiiin   Uir 
^___  :  Willi  allcAUes,  or  «  . 

niyiolurle  uld. 


ALLOXANIC    ACID.  797 


1.   Meaoxalic  Series. 


i^lloxan,  C,H,N,0,. — This  ia  the  characteristic  product  of  the  action 
<lif  strung  iiitriu  acid  on  urio  acid  in  the  cold.  It  is  best  prcpart?!!  by  adiiing 
1  pArt  of  pulvt-riiod  uric  acid  to  3  parts  of  nitric  acid,  specific  gravity  1.45, 
In  It  shallow  basin  standing  in  uold  water.  The  rt%ulliiig  white  crystalline 
■UMS,  after  standing  for  some  hours,  is  draini'il  from  Htv  ucid  liquid  iu  a 
futuitrl  having  its  neck  stopped  with  pounded  gla.sa,  then  dried  oil  a  jioroiis 
tile,  and  |»urified  by  cryatalli/ation  from  a  small  quantity  of  water. 

Alloxan  crystallizes  by  slow  cooling  fnim  a  hot  saturated  solution  iu 
large'  i?fflor«»cient  rectangular  prLsuis  containing  C,II,N,0, -J- 4A(j. ;  from  a 
•olation  evaiioratt.'d  by  heat  it  separates  in  uionodinic  o<-tolieilrons  with 
trancat«d  summits,  containing  C,H,N,t), -(-  .Aij.  These  crystals  heated  to 
160Q— 160O  C  (3('JQ-320O  V.)  in  a  stream  of  hydrogen  givo  off  their  water, 
and  leave  anhydrous  alloxan,  C,N,H,0,.  Alloxan  is  very  soluble  in  water  : 
tbe  aolntion  has  an  acid  reaction,  a  disagreeably  astringent  taste,  and  stains 
tll«  skin,  after  a  time,  red  or  purple.  It  forms  a  deep-blue  comiKiund  wilh 
a  (erroos  salt  and  an  alkali,  and  its  solution,  mixed  wilh  hydrocyanic  acid 
and  ammonia,  yields  a  white  precipitate  ofoxaluramido;  those  two 
reactions  are  very  characteristic. 

Alloxan  unites  (like  ket<wes)  with  alkaline  bisulphites,  forming  crystal- 
line conajKmnds. 

Its  aquiHius  solution  decomposes  gradually  at  ordinary  temperatures,  mure 
iinickljr  on  boiling,  iuto  alloxantin,  paraiiautc  acid,  and  carbon  dioxide: 

3C,H,N,0,    =.    C,H,N/\    +    C,U,N,0,    +     CO, 
Alluxan,  Alloxanttn.  Paritbnula 

aoiU. 

By  brtiling  with  dilute  aciils,  alloxan  is  resolved  into  oxalic  add  and 
iiri"» ;  by  boiling  with  baryta-water  or  lead  acet.it<.',  it  is  first  converted  into 
iDuxanio  acid,  which  then  splits  up  into  urea  and  uiesoxaliu  acid.  By 
btilriodic  acid  and  other  reducing  agents,  alloxan  is  conTt>rt<<d,  especially 
ia  the  ould,  into  alloxantin  ;  at  higher  tempcraturua  iuto  dialurio  acid. 

AJloxanlc  Add,  CjNjU^Oj. — The  barium-salt  of  this  acid  is  rtepositM 
in  ftmall,  colorless,  pearly  crystals,  when  baryta-water  is  added  to  a  aolu- 
tieii  of  alloxan  heated  to  ii()C  C.  (14(lo  F.),  as  long  as  the  precipitate  first 
proriaoed  rediaoolres,  and  the  filtered  solution  is  thon  left  to  (khiI.  The 
hu-ium  may  be  separated  by  the  cautious  addition  of  dilute  sulphuric  acid, 
and  the  filtered  liquid,  on  giuitle  eva{H>ration,  yields  alloxauio  acid  in 
•mall  ratliated  needles.  It  has  an  acid  taste  and  reactiim,  decuiuposes 
orbonates,  and  dissolves  zino  with  disengagement  of  hydrogen.  It  is  a 
Mbaiic  acid.  The  alloxanates  of  the  alkali-metals  are  freely  soluble: 
tbrae  of  the  earth-metals  dissolve  in  A  large  quantity  of  tepid  water  ;  that 
or  silver  is  quite  insoluble  and  anhydrous. 

On  boiling  its  salts  with  water,  the  alloxanio  acid  is  resolved  Into  nrea 
and  mesoxalic  acid.     The  free  acid  when  boiled  yields  oxnlantin. 

Dlalnrio  Acid,  t^4H,N,0„  is  the  final  product  of  the  action  of  rodncing 
agents  on  alloxan,  and  is  formed  when  Bnlpluirettwl  hydrogen  is  passed 
ihrMi^h  a  boiling  solution  of  alloxan  till  no  further  actiou  takes  place: 
I  ,11  NjO,  -f-  H,S  =  (',H,N,0,  -f  9.  On  adding  to  an  aqueous  solution  of 
uM.\au,  first  a  small  quantity  of  hydrocyanio  acid  ami  then  ]>olassium 
.iiate,  the  jotassinm  salt  of  dialurio  acid   separates  out  in   granular 


1 

I 


I 
I 


I 


■  tills,  whilst  oxalurate  remains  dissolved  ; 

:;f.n,N,0,    +     2K0I1     --    C,H,KN,()4    +     C,H,KN,U,    +     CO, 

07' 
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Diuluriu  aoiil  separaleil  from  its  ^alt9   \'\   '  '•■rir   and  . 

nciill«>,  has  a  slroug  arid  ri-nc-licm,  mxl  ^•.mI  to  tbr  . 

libsurljs  oxygen,  and  is  uonvvrlod  iiilu  uli'i.iMnii. 

2C,U,N,0.    +    O    =    2U,0    +.     r.H.N.O,. 

Barbituric  Aold,  C,H,N,i),,  is  f«rmo<l  bv  tin*  nrtlon  uf  M«i!J 
aiii.'ilgiuu  or  h.vdriixliv  aoid  on  dibroiiiobnrluturii' ut-id  ;    aloo  bj^  krsua 
Hulutiuii  of  alloxantiu   with   stroii);  sulphuric  noid,  barbituric  acid 
Bpparnlitig  out,  wliilo  parabaiiio  ai'ld  rr-iiwiiiis  in  wiliilinii. 

Harbitnric    ncirt  crystallitiM  in  iH'nulifnl   pri^nts,   »•.■•• 
molci'iili.'S  of  waliT.     It  is  bibaaic,  andyirlils  rbiutly  aoiil  i«nl 
obtaini'il  by  tri'Sting  tbv  oorrii.-<|H>ndini;  mt'tatirs  wllli  \tat' 

Barbituric  ueiil   is   vcnrcrlxd   by  fuming   nitric  , -void    i 
by  potmsHiura  nitrate  into  pota»*>iuni  vinluralt'.     Wl''  ■■  ' 
it  gin's  off  nninionia,  and  yiclila  tbe  potasaluiu-e.ii 
CjUjOj  (p.  74(i),  wlicnco  it  appears  to  have  tbn  i.'i 

urea.  CX)<;:5[[^;,'>CII, 

Dibromoliarbiturie    acid,    C,n^r,N,0,  v  t^<5!j{j[y^(*»j 

forini'd  by  tbo  action  of  bromine  on  barbilnric,  or  on  nilr> 
aniid<>-b:ir1>iluric  acid;  also,  together  with  allojtAn,  by  tbe  i 
miuu  ou  hydurilic  acid  : 

CjUgNjO,  4-  Br,  +  11,0  =  C,H,N,Br,0,  +  C,H,N,0.  4-  401 

H  cryst.'illiuv  in  »4nrlc8S,  gbining  plati-s,  or  |iri 

very  Rolnble  in  alcohol  and  ctht>r.     By  hydnytn  ■  .  -oa 

water,  it  is  ri«la<ied  to  ilialurie  aciii : 

C,n,N,Br,0,    +     U,3    +     H,0    »    C,H,?J,0.    +    2UBr    +    i. 

Wlicn  chlorine  or  bromln«  »«!t«  tt|>on  a  warm  Nolnllnn  "if  At 
tnrio  acid,  carlion   dioxide  in   eliuiinutvd   anri  t  r  i  brumitci- tyl  u  ri 

CO<^^[J'^'^'*-'^'"»  ,   is   proiluivil.      This  coti)i«nud    tnrlu   at   14*3  | 

(29S.4P  K.)i  an<l  yields  bromoform  wIiMi  Uiilud  with  w»tvr. 

Xfnnoftromnftffrhtturir  ori(f ,  TjII^BrNjO,,  ]<• 
of  lino  or  ai|U<-<)aii  hydrocyanic  acid  <ui  dil)n>mob»i  i 
tall)  8purtni;ly  soluble  in  water. 

Nilrnharliilurir  or   Dilituric  aciil,   r,Hj(TfO,)N.O..  t,  f,,, 
till'  action  of  fuiniiiK  nitric  acid  on  barbituric  acid,  or 
acid  on  hydurilic  aaid.     It  oryet.tlliioH  in  ••olorb-*a  ■ofiinr 
in«(  HII,().  solublo  in  water  with  yellow  color.     It  .' 
but  is  most  incllneil  to  'orm  salts  cnntainini;  only  »■■■ 
Its  salts  iirii  very  slabli>,  moot  of  tln'Ui  rcsi^tluf)  the  i'  11..11  i.i  tu\n>  r» 
By  hiwting  with  brouiinc,  it  is  oonrerttxl  Into  dibromobarbituric  acid^ 

Jfilrntohiirhl tarin  or   V! iilnrir  oeid,  r,H  ' 
the  action  0/  nitric  acid  of  spcclflc  aravlty  1.2  on   ; 
that  of  ]H>tJuu<fiim   nltrlb>  on   barbituric  ai'ld.     Tim  rv. 
mix'ol  with  bun'itm  rlib>rM».  and  the  barium  salt  lhcr> - 
tU:  1. 

\'  .  vkIIow  rtioniblc  octuhmlront  «u«iUit»li«( « 

mol.-.  ...       ...      ,  :i..i.l        :..     .......  It     I.. I.I.,..      -I,,'" 

Vellow    xallK 
(.■,II.K-CV(MN 
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rinlcl  color.  Thi>  todium  mil  i»  diirk  ri«l.  Thv  solution  of  tlio  .iclil  IH 
nulunii  ilurk  blue  l>^  (rn'ii:  ticotali',  anil  »ii  adding  alculud  to  tliii  suliition, 
a  Terrin  salt  ia  pr<K;ipitalml  in  iaix-4ild«<l  Uuuiuis  Laving  a  rtid  oulor  sod  iui>- 
tolUc  lustrt-. 

^^Violuriu  Avid  heated  with  potash-lyo  is  resolved  into  urea  and  nitrogu- 
DUiu  iM'id  : 

C.H,(KO)N,0,     +     2n,0    =     CON-.n.     +     C,U,(NO)0,. 

Anitintitirhi t uric  ariil ^  ('^H,(NH,)Nj<^,,  also  CiLllwl  L'ramilf  /Jiaiur* 
amide,  uiiil  Martsnti,  U  fortm<d  liv  the  action  of  liyilriodio  arid  on  violiirio 
»c-id  or  diliturio  acid,  ur  liy  boiling  a  isolation  of  ainiuoniiiin  tliionurotu 
writli  Iivdroc'liloriu  acid.  It  i$i  ln-st  iircpared  )>jr  boiling  alloxontin  with  iiii 
aquouun  solutiou  of  Bal-.-iiumoniac  : 

4-     NHj.UCl    =    C.Hj(NH,)N,0,    +    C,R,N,Oj    +     HCl 


AUosaDila. 


C.H,(NH,)N,0, 
Urn  lull. 


C.R,N,0, 

AlluxnQ. 


It  crystallizes  in  colonesg  nei!dU>s,  turning  red  on  exposuro  to  Iho  air, 
l>4-arly  iii^ululite  in  cold  wnivr,  8li|;litly  auliiblu  in  boiling  water,  cosily  in 
alkalies.  Tli»  niuniimiainl  Hnliitiun  bKUonji'H  parple  on  cxposurv  to  the 
air,  and  yivlda  luuroxid  on  Iwiling.  Uraiuil  is  ileconi}>uavd  by  strong  nitric 
wittt  (urmaliun  of  aniuioiiium  nitrate  aud  alloxan  : 


C^Il^NA 


0 


NH,    4-    C.H,N,0. 


United  nith  a<|neou8  iKHiuniuin  ci/unaie  it  is  conrertod  into  paeudourio 
acid  (p.  802):  CjlIjN.Oj  +  CMIO  =  CjU,N,0^.— By  the  action  of  mtr- 
enrt'c  or  arijcnUc  oxide  suspended  iu  Ijoiling  wattr,  it  is  converted  into 
m  n  re  >:  id. 

Thlonnrlo   Acid,  C.U.N.SO,  =  ro<^!j|::[;[)>C<^,',^U.— This 

acid,  wliich  coutainii  the  elements  of  alloxan,  ammonia,  and  sulphurous 
oxiile  (C',l{,N,(>j  4- Nllj-f- S*\)>  is  formed,  as  an  ammonium-salt,  when  a 
eold  solution  of  nllnxaii  is  mixod  with  a  saturnte<l  aqueous  solutiun  ^fsiil- 
)>baroiis  arid,  in  such  quantity  thai  Ihei  odor  of  the  giu  remains  quite  dis- 
tiiir.l:  an  exca^ss  of  ammonium  carbonate  mixed  with  a  little  caustic  am- 
^•>ni.'i  is  tto'ii  adtleil,  and  the  whole  lK>ileil  for  a  few  minutes.  On  cooling, 
iaiVk'i  lliiiinaritlr  is  deposited  in  i»)lorless,  crystalline  plates,  which,  l>y 
"on  in  water  and  recrystalli^alion,  acquire  a  fine  pink  tint.  By  on- 
ini;  it  into  a  lead  salt,  and  decompowin^'  tlie  latter  with  hydrogen  sul- 
ittfilv,  thinnuric  acid  is  obtained  an  u  white  crystalline  uiiutH,  very  solnble 
n  wal'-r.  When  its  solution  is  heated  to  the  lioiling  p<.>int,  it  is  resolved 
to  aalpliuric  acid  and  u  r  a  m  i  I  : 

C.HjN.SO,    +     11,0     = 


IIjSOj   +    c«n,N,o,. 


2.  OmIic  Seriu. 

-Nn— CO 
Parabanlo  Aold,  C,H,N,0,=CO<^  i     ,  Osalyl  urea.— This 

i*  I  rislic  pnxluct  of  the  action  of  moderotely  strong  nitric  aciil 

«n  '  I  alloxan,  leiV/i  (/le  oi(/ ')/' /let//;  formiHl  also  from  the  s.ime  siib- 

•taucti*  by  oxidation  with  ni.anganeso  dioxide  and  sulphiiriv  acid  : 

<\H,.V,0,    4-    O,    4-    211,0    =    OjH.N.O,    4-     2C0,    4-    2Nri,. 

It  1*  eoDvenlimtly  pmparod  by  healing  1  part  of  Dric  acid  with  8  parts  nf 
aitrie  acid  till  thi;  ruoctiun  has  nearly  ct'oseit  ;   the  liquid  is  uvaporutud  u> 
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a  ayrup  and  left  to  cool ;  and  Die  proaluct  draiiiHil   '  motIiM-1 

is  piirilii-d  by  ru-cryaUilIiziitiou.     }'aral<anic  acid  !■■  '  m, 

rent,  thin,  prismatic  crystals,  pemioni^nt  in  the  air  ;  i:  . 
watt'r,  ha3  a  pure  and  powurfully  acid  tastv,  and  rtsdilci- 
Mcutralixed  with  ammonia,  and  bxilod  (or  a  iwimi-nt,  U  yivMj  »u  ( 
crystals  of  tlio  ammouiuui  salt  of  (jxal  uric    acid,   tjll,N,0,,  (Tviai 
the  aoiU  may  be  8oparat«l  by  suIpUurio  aoid. 

I'araboniu  acid  is  bibasic.   With  tho  alkali-nixtaU  It  form*  moDouMit, 

NK— <.0  _ 

salts,  like  C,IIKN,0,  =  CO^  i      ,  which  ar«  oblato«d  aa  cryitaHinr 

i„i;..,,  orpM*- 
tlbi  ai* 


,i^-t!ii-l-if.-  »^ 


priH^ipitates  on  adding  potassium-  or  sodi 
li^nic  acid  in  abscdut«  almhol ;  when 'i 
(H>nverte<l  into  oxal  u  rates  .  SilviT  ij 
aoid,  throws  down  thu  diaigcutic  salt,  C,At:,N,u, 

Paruhanic  acid  boiU'd  with  dilntu  ocidii  is  reaolvod  into  orfa  an4  ntali 
acid.     In  presuucH  ul  alkalies,  it  tnkca  up  water,  aiid  Is  ■ 
oxaluric  acid,  t',U,N,0,,     By  the  a<-tiou  of  xiuo  and  liydro. 
is  convert«d  into  oxulautin,  C,U,NjO,  =  2C,H,N,(), —  o. 

Mrllii/l-jKiralKtnic  acitl,  C,U(CH,)N,))|,   is  obtained   by  docum{K<ilti<ia  g/ 
creatinine. 

Jjhiirjlii/l-i>arabtmie  m^tl  OT  ChiJejttroptmne,  C,(C(Ij)J{.OuObtalo<d  1^1 
ing  (he  silver  salt  of  parabanic  acid  with  methyl  Iodide,   foirau  tli<^ 
laminie,  which  easily  melt  and  subUmo, 

Oxalnrlc  Add,  C,H,N,0,  =  CO<;^j|~*''*—*^«",  theaa 

of  alluxanic  acid,  is  formed  by  the  action  of  alkali>^  on  parabanhi  i 
Its  cthylio  ether  is  produced  by  heating  urea  with  cbloruxallc  ctlur : 

CO.Cl 


^NH,  +  COj.C.lIj 


=     JlCl      -f     CO 


jfu-co-co^CA 


"^NU, 


It  oryatallites  in  silkv  needlos,  whioh  melt  with  decompoalUott  M  1 
Itllto  C.  (302Q-320O  v.), 

Oxalurir  acid,  separated   from  its  Balls  by  a  mineral  aoid,  ii  ■  ! 
crystalline  jKiwder.     Its  salts  are  fiparingly  solulde.     Bxiled  wlllt  wi 
alkalies,   it  is   rusolvefl  iiiti>  nxnliit  ni'id    and   urea.      Ilvataxl    to  SI 
(3!I2'-'  F.)  with  phosphorus  trivhlvride,  it  Ktr«a  up  nataar,  and  ta 
Tertod  into  parabanic  acid. 

Oxaluramlde  or  Oxalan,  C,IIjN,0,  =  ra<;*J||-^^-^'"' 

Is  fonned,  together  Willi  diaUiric  aoid,  on  ^.i.in,,-  r.  hrri..  i.^.i-^ncj^aiei 
and  aninicmia  to  an  aqueous  solution  of  .  <  a*  a  wk 

precipitate,  while  thii  dialuric  oi'iil  n<iii.i  •«  p««da 

by  hpulinu  ammoniiiiii  ji.ir.ilianalo  (  ;  {>■,  i.>  liMo^,  xihI  tiy  bMU>r 

etliyloxuluratx  with  nmuionln.     It  i  i  •uluble  in  wator,  and  >•  (*- 

solved  liy  Uiiling  with  water,  into  oxali';  ucid.  urva,  ami  amtuauia. 

Allantarlo    Aoid    nr   Oxy slyoolyl-nr**.   CallJrAl 
Ml— LU(Ull)  »    t-»-« 

CO^  I  ,  fonneil  by  healing  allantoiu  wiOi  liarrla-i 

dioxitle  of  li.ad,  i*  a  dell<|ii««<<«nt  mass.  th<>  aqiuioas  tulutftm  i4  wk 

pivea  wli"-  ■ .•..;.....    ..:.i.     :,..   -     -,       .     -,,„_      Whrn    '      •    '      it) 

>".'••»•  "  *  'lie  Inttot  :i| 


up  lUtU  l> 


ilj. 


HYDANTOIN    OE    OLYCOLTL- UEEA. 
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Bnoolnnric  Add,  CjHjNjO,,  is  produced  by  heating  urea  to  1200-1300 
C.  (i4.'5-:;oiP  F.)  wiih  aiiccinif  uuliydride.  It  forius  sbiniog  scaloa,  melt- 
ing with  ducomposition  at  2(i;!Q-2(>ii''J  C.  (307.4CI-4U1O  K.)- 

Hydantoln  or  Olyc  oly  1-ur  ea,  t",U.N,0,  =  CO<^^ll_|,jj 
it  fonuMl  ayuthetioftUy  by  heating  brouiacetyl-urwi,  with  alcoUolic  aiu- 


f^,^NH.CO.CU,Br 


+     N»> 


NH.Br     +     CO 


<! 


NH— t;n. 


It 


also  prodnoed  by  the  avliou  of  hydriodic  auid  oii  allantoin  : 
C,H,N.O,    4-     2U1    =    C.U.N.O,    +     CO.\,H^    +     I„ 

«r  on  alloxanic  acid : 


X 11— CO— t'fU- CO.H 


+   H,  =  CO,  4-  ",o  + 


co<N"-V«  . 

^NH— CH, 


Uydantoin  fomu  nt'edle-sliap^l  cryatala,  having  a  faint  sweet  taste,  and 
Belting  at  2li>tiO  C.  (4tt2.bO  F.j.  When  boih'd  with  baryta-water,  it  takes 
up  water  and  is  converted  into  hydantuic  ncid, 

jyil CO 

Mtihyl-hjdantoin,  ^'0<^    .  •       ,  is  obtained   by  prolonged 

heating  of  creatinine  (9.  c)  to  100^  with  baryia-water  ;  alijo  by  fnging  urea 
with  iiarooslue  (methyl-glyuouiiie)  : 

It  fomu  crrstaU  easily  Boluble  in  water  and  in  aienln,!,  melts  at  14SO  c. 
(iSS-J  P.),  and  .sublimes  in  Kliining  needles,  liuiled  with  oxide  of  mercury 
or  silver  it  yields  metallio  derivatives. 

NH— CO 
Lactyl-urea,  C0<^  I  ,  metamerio  with  methyl-hydan- 

torn,  ia  formed,  together  with  alanine,  when  the  imtassium  cyanide  used 
in  the  preparaliiin  of  the  latter  friim  nldehyde-animnnia  ([1,  7!'^)  contains 
cyanate.  It  forms  efflorescent  rlmmbii:  crystals,  contatiiiun  C,H,N,0, -t- 
B,0  ;  melts  at  14(>^C.  (2H40F.),  aiulsulvlimes  with  [lartiat  (lecouiiHisition. 
By    boiling    with    baryta-water    it    is    converted    into    lacturic    acid, 

NU__rn_ClI, 
CO.^  1  ,  metainerio  with  metbyl-brdantolc  aoid,  which  melts 

^NH,— ro,H 
It  1550  c.  (3UOF.). 

^>'H CO 

EthjI-kyJanloin,  C0<^  1,      ,  produced  in  HJce  manner  by 

malting  urea  with  ethyl-glycouine,  crystallizes  in  large,  flat  prisms,  easily 
soluble  in  water  and  aleohol,  melting  at  alKoiit  lOOO,  and  easily  subliming. 

The  metamerie  com  pound,  acetony  1  -  u  rea,  t'»<^j.||_j,|j      '      , 

fiinoed  bv  healing  a  mixture  of  aci-lone  and  potassium  evanide  containing 
rranate  with  fuming  hydrmlilorie  aciil.  crystalliies  in  prisms,  melting  at 
n.'<o  C,  {'M'^  v.).  By  boiling  with  baryta-water  it  is  converted  into  ace- 
tonorio  auld,  CjU„N,0,. 


L 
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Hydantote  or  Olyoolarlo  Aold,  C,II^^,0 

^<1\H~^'^*~^^'"' **  1"^1"'*<1  by  boiling  allaatoin,  hjivxt 
glyiM>liirii  with  baryU-waUr,  and  synthetically  by  heating  glyooai| 
ui-tja  (or  by  bulling  ita  solution  with  baryta-waler)  : 


NH, 


+  CO<NHr 


2* 


also  by  heating  glycocini*  salphate  with  potassium  cyanatc : 


CH,<i!c^  =  co<j|||- 


Hydantoic  aoid  Torms  large  rhombic  prisma  solablv  iu  water.  Il  I 
basic,  aud  most  of  its  salts  are  easily  soluble.  By  heating  with  1^ 
avid  it  is  L-onvcrttKl  into  glycocine:  { 


^<;iir 


+   H,0  =  CO,    +     NU, 


Diurtidei. 

The  best  known  compfiunds  of  this  class  contain  4,  5,  6,  or  8  i 
carlwii.  Tim  4-  and  A-v^rbun  diureides  (inuludiug  uric  acid  ill) 
fonui'd  by  tb<'  union  of  one  molecule  of  a  bibasic  aoid  aud  2  mol«4 
urea,  with  eliminaliou  of  4  muluuulus  of  water,  aud   aoeordingtyl 

one  diatomic  acid-residue  aud  two  area-residues,  C^^mq  • 

Urio   Acid,  CjUjNjOj,  as  already  observed,  may  be  regardflj 
diuruido  of  torlronio  aoid,  and  aceordiugly  ropreceuted  by  tb 

^O     NH-CO  ^H 

^Nll— Ctr         ^~" 

no— OH 
(>— ijii 

Tartronic  add.  Urea. 


CH(OH)<;[:fJ 


"■NH 


2C0<^j|.    _ 


4H,0,i 


Iso-nrlc  Acid,  CjH.NjO,,  is  formed  by  the  action  of  cyanan 
alloxantin  iu  aqueous  solution,  and  separates  on  boiling  in  the  ful 
heavy  powder.  Its  constitution  may  perhaps  be  represented  by  t^ 
Ola: 


C0<^  ||^.^>CH— JT-CZI^JH. 


lis  a<3 


Fsendo-nrlo  Aold,  r;,II,N,0,. — The  potassium  salt  of  this 
tallied  OS  a  yellow  crystalline  jHiwder  by  boiling  uramil  with  a  stlj 
lutiiin  of    potassium    ryanate.      The  free  acid    forma    colorless   of 
sliglitly  soluble  in  water.     Its  structure  and  formation  may  be  i 
OS  follows  : 


CO<NHZ[^}J>f^H-NH, 


UrsmlL 


-f     COM 
Oyanle  s 

mi- 


Fseudo-urie  acid. 


CROXANIO    ACID. 


8U3 


Psendo-thionrlo  Acid,  CjH,N,0,S,  is  forme<l  by  heating  alloxan  and 
ituacarbuuide  with  a  mnvontratwi  aloolioliv  solution  of  sulphur  dioxide  : 


co<SllzSC>co  + 


CS<NH; 


=    co<N«=^C>, 


/ 


NH- 


CH^Kii^ca  4-  0. 

thin  white  needles,  insoluble  in  water,  bnt  Bolulile  in  acids. 


I^Vrozanio    Acid,  CjU,N,0„  and   Oxonlo  Aold,  CjU^NjO, ._ 

^bn  acids  are  formed  by  gradual  oxidation  of  uriu  auid  in  alkaline  solu- 
BC  A  Holution  of  uriu  aoid  in  potaiih  leti  fur  aiiioe  time-  in  au  open  res- 
Bl  depodita  shining  laminie  of  potassium  aroxanate,  CjHgtjN/), -|- ;{|1,0, 
mm  irhii-h  the  free  acid  may  be  separated  by  hydrotdiloric  acid  In  the  form 
f  a  cr^'stalline  powder,  wliich  dissolvi'fl  in  hot  water,  but  dii<)iui)use«  at 
ko  saiix*  time,  with  soparation  of  carbon  dioxide.  Its  foruintiuu  is  rcpre- 
jnued  by  the  equation  : 

CjH,N,0,    4-     211,0    -j-    0    =    C,HjN,0,. 

Potiuiainm  nroxanate,  at  the  moment  of  its  formation,  is  partly  converted, 
y  separation  nf  CO,  and  Nil,,  into  potassium  oxonate,  C,M,K,N,0„ 
Ikich  is  also  formed  by  passing  a  stream  of  air  through  a  sulation  of  uridj 
tU  in  potash  till  all  tlie  uric  acid  is  oxidized.  Thin  salt  forms  radiato  i 
hoops  of  i-rystals,  containing  1^  mol.  11,0.  Acetic  acid  added  to  its  dilute 
ktatiou  tUruws  down  the  potassium  salt  of  allauturiu  auid,  or  oxygly- 
te  ^Nll— t;iiou 

Pi|rl-urea,  C,H,N,0,  or  C0<;^  | 

A.llantoln,  <'iH»N,0,. — This  snbstance,  wliich  contains  the  ele- 
|e>nt«  of  2  niolecuU's  of  ammonium  oxalati'  minus  5  molecules  of  water 
;2C,(SHt),0,— SH,0],  is  found  in  the  allimtoic  lifjnid  of  the  foetal  calf 
init  in  the  urine  of  the  sucking  calf.  It  is  pnvdured  artitinially,  together 
tittt  oxalic  Dcid  and  urea,  by  boiling  uric  acid  with  lead  dioxide  and  water : 

»L\H.N,0,    +    O,   +    5H,0    =    C,U,N,0,    +    2C,11,0,    +    2CH<N,0,. 

The  liquid  filtered  from  lead  oxalate,  and  concentratHd  by  evai)oralion, 
ili^itiits,  on  oooling,  crystals  of  allanttiin,  which  are  purified  by  re-solution 
uid  the  use  of  animal  charcoal.  The  mother-liquor,  when  fiirtluT  con- 
KuCraleil,  yields  crystals  of  pure  urea.  Allantoju  forms  small  but  briltant 
prismatic  crystals,  transparent,  colorless,  tasteless,  and  without  action 
im  vegetable  colors.  It  dissolves  in  lliU  parts  of  cold  water,  and  in  a 
tnialler  qaantity  at  the  boiling  heat.  It  is  dec4im]>ose<l  by  boiling  with 
icilrio  acid,  and  by  oil  of  vitriol  when  concentrate"!  and  hot,  into  ammonia, 
arbon  dioxide,  and  carlmn  monoxide.      Ib-ated  with   eono-ntrated  solu- 

»of  caustic  alkalies,  it  is  decomposed  Into  ammonia  and  oxalic  acid. 
■trocture  may,  iH'rha]>s,  lie  ri'presented  i>y  the  formula 


^"<^NU— CO ^  ^  \Nn 


Olyeolarll,     C,H,N,0„    probably    rO<  *>C<T     . 

'•nned  by  the  action  of  sodium  amalgam  fm  allnntoTn,  and  separates  in 
nrliiliiKlnil  CTyslaU,  sparingly  soluble  in  wat.T,  mislerately  soluble  in  ani- 
uiunia  and  in  cooceutratod  acids.     Amuioniacal  silver  oitrato  forms  in  its 


DICKBIBI 


with  <ii»nntiMi  «f 


MUag  witk  kMruAratar.  n  i> 

■■'all 


tort«iiw       I    T    €;^Utf/V 


AUezaatla.  C^B^.O^  it 


cH.on<^ 


o     ^ 


AloKKaUo. 


altik 

mnI  cnlil  solatiofi  Of  I 
-lala  •(  alloxui    L^rai 
'■'■•'  -  •'   -  Irilki 

:    1-    allh 


bUI 


Tl  i*  Of  chi*t  prodad  o(  Oir  ftetb-v  </  iw4  4tlal*  niCrio  aciii  ■pan  1 
acid,  and  >>  Ukimittt  prtduoeJ  bj  tbe  actkio  oC  dcmxialuia^  a^vato 
alloxaa — aoli/droas  all<-x«nlin,  in  CMrt,  oontaialng;  1  alMa  irf  axT(»iil 
Uiaa  X  moUcnlo  of  alluxau.     ll  U  lk«t  prvpanU  1^  |r»ririin:  (al^ilka 
lydrogMl  i;aa  througb  a  mod«r . 
■  er-liqoor   from  wliici 
i««n  II:.-   ...-:---■  :....f-...i. 

•  COpiMte  - 

■111    .■...' 

tin.     'ib«  proiiact  u   <i 
boiltvl  in  wawr  :  ibti  fiU<-i '  ■ 

tng.     AUox^alia  forms  (uiall.  (uut- 

l>«i  an'i  LraiMpori-nt :  II  lUiualrra  « 
[fr.M-ljrat  H, 
J  »  «l«-r  a  V I 
jliiixioi  WiUl    -,: 
IlltsiUvl  with  il< 
lb(-«>m<-   red  wli.  ■ 
tB/),  wlii<:l>  lh«y  do  : 
Alloxantin  it  ri<a<l 

Jrogt'ti  In  |i»»»i«d  throu^li  iu>   •- 
Idialuric  acid  ii  pnxliu"."!.     A    ! 
{with  a  nontral  salt'' 
lltowt'Vur,  qaiekl.r  »/>i 
Itlrainil  :  Tl::       '"•■■  ■ 
loxidp,  nil' 
land   i<onv.  : 

raUr  and  luad  dinxido,  11  gim  off  nrra  and  l>nid  raxl^mat" 

Hydnrlllo  Aeid.  r.ri.N.O,.— nialnrl. 
jC.  (MiiO  K.)  With  givurrin  (wlilrli  acln  mnri-ly  ■■ 
Ifomiir  a<.<id,  oarlxm  illoxldn,  anri  anitnouium   h;  1  n 


till  li>sit><d  al<uvv  i&O^C. 
■xr-il  :  wli>-Ti  n  ^iTi-sm  of  ► 


8C,H,N,0. 


cn,o,   +    3CO,  +   ac.i 


Itir  xnnrprtlnK  llilii  ainmonlumitnlt  inin  a  copper  ■•alt,  and  i{(cnM|i>ain(  <^ 
lBtl<^  wllh  H^,  lijrdnrUlc  add  1^  .i.>»i...-.i  ...  .  ,.,1.,). 


PUaPVBIU    ACID — OXALANTIN. 
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n.rdorilio  add  (s  converted  by  faming  nitric  acid  into  alloxan ,  with- 
oat  any  other  prndiiet ;  but  wltli  nitrii;  ncid  of  ordinar^r  Btn-iiKtb  it  yivlda 
•llnxAu,  tugvtboT  Willi  viulurtc  ucid,  violaiilin,  and  diliturio 
Sdid  : 


C,II.N,0, 

Uydurlllo 
scld. 

C.H.N.O, 

IjrduiiUG 

Mid. 


-J-     NO,U    = 


+  2N0,U    = 


Tloluria 
acid. 


Ulllturlo 
acid. 


+ 


C,H,N,n, 
AUo&Mo. 

C,H,N,0, 

Alluxan. 


+   H,0 


+    NO,U    4-    11,0 


If  the  action  bo  carried  on  to  tlie  <>nd,  dilitnrie  acid  is  thn  only  product. 
This  acid  ms.r  indeed  be  regarded  as  a  prndnct  of  the  oxidatiou  of  vinlario 
Mcid  :  (\N,1I,0,  ^  C4N,H,0^  -f"  ^  '■  ^'^^  violantin  as  a  oompoiuid  of  the 
two. 

Fnrpnrlo  Aoid,  CjHjNjO,,  is  not  known  in  the  frw  vlate:  its  ara- 
mouium  sail,  (.'jH,(iNIJ,)NjO,i  con-stitntes  mnrcxid.  Tlii»  salt  contains 
the  ulciiienls  of  two  juoleouliM  of  urauiil  minus  two  atoms  of  liydrogen  : 

co<nI}Z^C>ch.nh,  +    NH,CH<[;[)z^;||>ro   = 


^Nll— C'O 

Nil 


C=^5>co 


Purpuric  aold, 

II  ia  formed  br  mixing  the  ammoniacal  solutions  of  alloxan  and  uramil : 

C.H.X.O.    +     C.UjN.O,     f     Nil.     =    Ufi    +     C,1I.(NU.)N,0,  , 

■nd  is  best  prepared  by  Ixiiling  for  a  few  minutes  a  mixture  of  1  part  of 
dry  uramil,  1  part  of  meriurio  oxidv,  oud  40  parts  of  water  rendered 
sliglilly  alkaline  by  ammonia: 

2C,H,N,0,    +    O    =     H,0    4-    C.H.N.O,. 
jj,,,..i,..,  r,..,ii,.-i  i«  {\iiii  of  Dr.  Gregory  :  7  parts  of  alloxan  and  4  parts  of 
al:  'iIvihI  in  24)1  parts  of  boilinf;  water,  and  the  solution  is 

s>!  I  "   parts  of  cold  strong  solution  of  ammonium  earlMuiatu: 

th«  liquid  instantly  aeiiuires  sueli  a  depth  of  color  as  to  become  opacpie, 
•nd  KiTes  on  cooling  a  large  quantity  of  murexid  :  the  operation  8nccee<l8 
b><>t  on  a  «mall  Hcale. 

Murexid*  crystallizes  with  1  molecule  H,0  in  small  square  plates  or 
prisni5,  which  by  reflected  light  exhibit  a  splendid  green  metnllic  lustre, 
like  that  of  the  wing-cases  of  the  ro8e-h«_>i"tle  ami  other  insects  :  by  trans- 
niittiHi  light  they  are  deep  purple-nil.  It  dis.solves  with  difficulty  in  cold 
w»t<"r,  much  more  o.Hslly  at  the  boiling  heat,  but  is  insoluble  in  alcohol 
and  oilier.  Mineral  acids  decompose  it,  with  separation  of  a  white  or 
jrnllowiah  sulwtance  called  murexan,  probably  iilentical  wllb  uramil. 
r«n«»ic  |»it»«h  dissolves  it,  with  production  of  a  maguiGcent  purple  color, 
Wl.  i'l'ars  on  lioiling. 

'  ago  murexid  waa  extensively  nsod  In  dyeing  ;  but  it  is  now 
to  .»  1-1 -M  .-vlent  sufK-rseded  by  rosanillue. 


Oxalantin,   C.H.NjOj,  also  called  IrucotuHc  ncitf,  is  formed  by  the 
action  of  (itie  and  liydrochlorio  acid  on  porabanic  acid  : 

•  So  eitlled  fVom  the  Tyrlan  dye,  anld  to  bare  beeo  prepared  froin  a  apeciea  ot 


AMIDES    or    MALIC    ACID. 


c.o<^«-^;"  + 

PftrMbunlo 
acid. 


■-(J— 

UxaJaaUn. 


CO— .N'll 

PuMbaole 

»i:ld. 

cn—au^ 

>CO    +    H,0. 


-NU 


It  forms  small  crrstala  slightly  eolable  tn  water,  and  redaoaa 

f  cal  solntinns  of  mercury  aud  silver. 

AlUtDiic  Add,  C,n,N,0„  is  formei),  topwUwr  with  allnxati  »nd  j>»»v 
bailie  aciii,  by  txiilinif  allnxantin  witli  livi 
itals  sparingly  soluble  in  watir,  nml  wlit-n 

jC.  (350'O-;j~-4O  K.),  is  resolved  inUioxalic  .1 ....-.•.   „..,.,... 

[oxiili.',  and  niiimonia. 

Rospecting  basic  compounds,  natural  and  artifldal,  r<;latc<l  to  ' 
by  their  compositiou  and  roaotions,  luo  Alkaluios. 


AMIUBS  OBBIVBD    FBOM    TBiaTOMIC   A*» 
TBTBJLTOMIC    ACIO*. 

Oar  knowlivlfro  of  thme  amidns  i«  somi^wlial  llmttnl :   wa  thall 
tliosv  di'rivpd  frnin  malic,  tartaric,  and  uitrio  aoids: 


c,u.(Nn,,<:^:];f^" 


tJU- 


Amides  of  Malio  Add. 
Malio  add,  CO.H— C'lV^HOH— CO,H,  or  C,n,(OH)<^J]|»|| , 
Itriatomio  and  bibaxic,  i«  capable  of  jrinlding  live  ainidi.-*,  xU, : 

MftUmic  arid.  A>i>utle  *nUt. 

c,n,(oii)<[;[);';[{|j  c,n,(ML, 

Halamlde.  A«]iisi>i,'iu. 

c,n.(NiM<|^;^:^{|; 

Trtamlde  (uuknowo). 
Tamir  ariil  in  lint  known  in  Ihp  fret-  •tntF,  ^«  ■ 
Miilumrlhaur.  r,II,(OII)<;j,,|',,  .}    ,  is  furniml  A<  a  ' 
1  aiiimtiiiia  gas  is  pamcd  into  an  alooholie  solution  of  dicthylle  m 

c,n,(0H)<j:;^f^{}»  +  Nn,  =  r,n.(on)  +  c,h,(0H)<^  ' 

Anpnrlir   ariil,    r,H,NO„  imimiTlc   wllh    1 
1  ttialin  and  hikvIuIc  A<'iil"  in  tli<<  onnn-  inAiiniT  a 
awtic  acidti  (p.  77R).  an'l  r.liii|-|y  bf 

'auid.     It  onrars   In  Iwu-li  ml    ia   jirc«i 


wUiAi*! 


AMIDES    or    TARTARIC    ACII). 
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t<i  lltt9  l«(t :  »eM  8olntionB  to  the  right,  Liko  other  amido-acids,  it  uuit4« 
lj«th  with  ocidii  sud  with  slkalies  ;  with  thu  latter  it  6>rms  both  acid  and 
neutral  salts  ;  e.  y., 

C.H.(NH.)<tC:Ag:  CD.(NH,)<[:;]»^8;   C.H.(Nnj<^g|>B«.  _ 

D}'  the  action  of  nitrooi  acid  it  is  oonverted  into  miilie  acid. 

All  inactive  aspartic  acid  is  obtained  by  h«atiiig  fiimariiiiiile  with  watj 

C,H,0,.Nn     +     211,0    =     C,II,NO,  . 

It  crydtalliifsn  in  large  mnnf>cliuic  priHiiis,  sniiiowliat  umrc  8n|ul>li>  iii  wntor 
than  the  optically  active  acid.  By  nitrous  acid  it  is  cunvertud  into  inac- 
tive taalio  acid. 

3ta  la  m  ide ,  C,H.N,Oj,  is  produced  by  the  action  of  ammonin  in  uxeusa 
ou  dry  divlUylio  malate  : 

c,H.(on)<^2;J'^^^»  +  2X11,=  2Hoc,H.4-  c.n,(OH)<^[|;-;||- . 

It  fprtoR  Inrpc  crystaU,  and  when  heated  with  water  is  resolved  into  am- 
monia aud  malic  acid, 

Aiparagin,  C,II,(NU,X][x..'q|.''  ,  isomeric  with  malnmide,  occnrs  in 

nomemus  plants,  as  nsparngus,  marsh  nmllow,  mangold-wurzel,  peas, 
U'.ins,  vetclirt,  and  cereal  griiMmts,  especially  in  the  young  sprouts.  It 
11^       '  i'irt>d  from  mnrsh-ninllow  roots  by  chopping  tbeni  small,  maee- 

r  .  in  the  cold  with  milk  of  time,  precipitating  the  tiltercd  liquid 

H ,.  iwtii  4-arlM)MuU*,  anil  i!va[*oruting  the  clear  solution  over  the  water- 
bath  to  a  symp.  Tlie  a»|mragin  then  crystallizes  on  cooling  in  shining 
transparent  rhombic  prisms,  which  have  a  faint  cooling  taste,  and  ate 
tnoderalely  soluble  in  hot  water,  insoluble  in  alcohol  and  in  ether.  The 
crystals  contain  one  molecule  of  water,  wliereas  those  of  malnmides  are 
aniiydrotia. 
Asparagin  and  malaraide  differ  also  in  their  action  on  polarized  light, 
alamide  having  a  speeillc  rotatory  power  of  — iV.ftC',  whereas  that  of 
rj>aragin  in  an  acid  folutinnis  -f-  'i'lO,  and  in  an ummoniucnl solution — HO 
)^'  l.n^iiiv.  nialamide,  wlien  treated  witli  alkalies,  is  resolved,  as  already 
to  ammonia  and  malic  aeid,  whereas  asparagiu  yields  ammonia 
I  i  ■  tti'id. 

Anpiiragiu  forms  salts  both  wltli  acids  and  with  IjareB, 
By  fcrmeritAtion   in  contact  with   albuminous  substances,  ospnragin  is 
ivertodioto  auimoniuiusuiicinate.    By  oxidation  with  {lOtassium  |H>ruian- 
aiate  it  yields  ammonium  fnrmate,  hydroeyauio  acid,  aud  carbon  dioxide: 

C.H.N.O,    -f    O,    =    CH<),.NH,    -f-     CNH    +     2C0,    +     11,0  . 

In  pr<«enc«  of  sulphuric  aeid  the  oxidation  takes  place  according  to  the 
(■qoatiOD : 


4 


in  presenoe  of  potash  the  products  are  ammonia  and  oxalic  acid : 
C,1I,N,0,    -f    0,    -f    4KII0    =     2NIIj    -f     2C,0,K,    -f    3H,0 . 

2.  Amides    of   Tartaric    Aold. —  Tarirnmic    Acid,    C,n,NOj  = 
C,II,(On),<^.j^',",|.'  ,  is  ol'lained  as  an  ammonium-salt  by  the  action  of 
KiiKnila  on  tartaric  anhydride,  CjD,0,. 
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Elhjtl  Uirlramale,  Taiiramie  ethrr,  or   TartramrlkatK,  la    obtained   by 
adiati  of  alvuhnlic   aiuiuouiA   on    dii'thyllo    tartrate.     When    aaBtio«*ly1 
lii'^iiti'd  with  alkalien,  it  jrieliU  larlraraio  auid.     Ammonia  oonvMta  H  knbi 
torlroiuide. 

Tartramide,   C.n,N,0,  «.  C,H,(OH),<[!j^;J|{{»  .  tortnwl  »!*.  by  tk. 

action  of  aniinonJB  on  (lii'lhylio   t»rtri»l»i,  la  a  vryr' 
Koluliou  of  wliioli  exhiliitii  Jextro-  ur  l<<ro-rntatiuu 
of  Uu-taric  iieid  from  wliii'h  it  hiia  Imxu  prepared. 

3.  atramldo.  lVI„N,n,  =  (\H,(OH)U;o.NH,),.obUinpd  br  ih.  *..  . 
of  aluuliuliu  itiiiiuoiiin  ou  i-tliyl  or  ui«tk/l  citrate,  is  a  cT7>taillDv  kDL«Ute> 
8li);lilly  »iiliiblH  In  wnlor. 

(■itramiv  noid  nuii  oitrimidK  arp  not  known,  but  phosijrlic  deriratiTw «< 
[  these  amidua  Uave  bovu  obtained. 


Bensene-Derivatlvea,  or  Aiomatle   Oroap. 

The   h^drocarlmns,  C.H,„_,,  viz.,  bi>uii>n«   and    tta    b<>ini>loKo>«, 
gctberwith  tb><  alcoholg,  ariiU,  and  biutHs  dfriirvl  fmin  thiMU,  form  a  itmiTt 
riMi'iiiblin);  Ibc  (nHy  U><lii.<8  in  ninn^nf  their  chciniinl  r<-lati<n».  but  Drfil«] 
thi'b'ss  I'xbiliiting  cli^oidcd    jR-onliariliisi,  which   mark  tli' 
faniil,v.     Thvy  nru  citllud  aromatii',  on  aoujunt  of  th<'  |>vi.'iii 
odors  |Bissi'Siii<d  liy  somi"  of  tbi-ni,  ••»|>«L'ia)ly  by  certain  diu.  ..n..^  .ifT 
xpnK,  Duoh  tut  iK-nznic  acid,  bittiT  almond  oil,  nti). 

Intimately  related  to  thitit>  iHHiIrs   aro   certain  olb^^r  hydr.n  .irN 
their  durivatirea,  containing  proportionally  Hmnller  num)' 
atoms,  namely:    (.'inn  am  one   C,!!,,  naphthaleni?   < 
ocno   C,,ll,.,    pyrene   C„ll|(,   and   ehryitt<n«   C,,H,, 
fpvnei),  l^ioM,,,  which  contain  a  larger  numl>er  of  liyilr 
iwuztiuu  and  it«  homologuea. 


H7DROCARBON8,  C,n„^. 

Tliisinlhp  principal  Keriitsiif  the  aromatic f.'mnp.  nnnbicnnaloUivf 
seriHs  in  the  fatty  ^ronp-     The   known  hy.lrol^arl> 'iin  lirlonfll^  to^ 
I  reprt««nted  by  Uie  formnlai, 

c,ii,.  c,n„  c,H,„  cn,„  c.,ii.„  c„«,„  <,'„n,^  c„n, . 

.     TheflretUcalU-d  bonione;   tho»ocond.  loIm>n«»;«  tli>.  .,tl„ 
lor  iMimierin  iniolincationH,  tli«  nam<'>s  of  wbl.h   will    be 
iMany  of  theNo   bydro<iarlv>n<   ore   foond   In    tlin  |l|;hlrr  )■ 
Inapbtha  obtaiiiiii  by  the 'I  m  of  coal,  and  oia/ U»i 

|TalcMl  friini  one  another  In  ,, 

Thwe  hydrr)earlH>nfi  niii^Mn  ...■  r.-uM.i. .,  .i rireil  f 

j»t>»triiotion  i.f  K  iitnm<i  of  hydroj;eii    (#.  7..  C,II,  = 

Uhe  oleflnes   liy  al»truction  of  6  aloina  of  hydroyen,  ...      ,.,, '.la^ll 

•  FriHiiiontly  »lio  tM-nioI,  Inlaol.  rtt.  i  hul  II  )•  not  dmtr»M«  10  .i.ttfi  tl,. 
nlnailoo  to  bulrocirlmn.  aod  Uteit  alcotidll*  derlvatkvea 


dydhocardons,  g.ii, 


thvj  might  be  rxp<<rti?ij  to  act  ns  octoralpnt,  sexvaluut,  qitaJrivalont,  or 
bivalent  .i..i"|.  -  .im(,  in  foot,  U-iixuiie  does  form  deQnitu  oimipuiiiids 
wiUi  li    .  "  and  uf  brniuiiK-.     But  iu  nnarly  nil  cnscii  the  aro- 

matic l>.\  <' I  n«  8Dturntod  iDoK<ouli-8,  likv  the  paraffins,  yifld- 

Ing,  when  irraiiMi  willi  chloriiie,  bromiliu,  or  nitric  acid,  iiot  additive  com- 
piiuuils,  tint  Hiilibtitutuiii-|ir(>iluuts. 

B<*iii»i>f  iiiHV  Iju  ri'pri'scntud  as  a  satiirati-d  moU>oulti  bv  tho  futlowing 
eanstilatioD.tl  f«riiiiiln,  in  which  tho  carboii-utoms  ore  united  togi'tht-r  by 
one  ur  two  ooiubiuiiig  uuits  alteruutelj'  : — 


Tlie  nlher  hydrocarljons  of  the  series  may  bo  derived  from  it  by  sueoes- 
•ire  additioTis  of  C'll,,  ur  by  8u)»ti(utioii  of  methyl,  CU„  iu  the  place  of 
<in«  or  more  of  the  hydrogen-atoms  ;  thus  : 

C,  H,  =  r.HjCrH,)  Mpthvl-lwnzene. 

C,  H,4  =  C,H,((11,),  Pjtmtbyl-U'lilttne. 

C,  H|,  s=  C',llj(l'llj),  Trimetliyl-lwuzeue. 

C,oH„  =  C,H,(<'Hs),  Tetr»melhyl-ben»one. 

her,  a  hydrotarlKui  isomerie  with  dimcthyl-benisene  may  be  forme 
by  the  Bitl«titulion  of  ethyl,  CjHj,  for  1  atom  of  hydrogen  in  Ix-nteue, 
vit.,  ethyl-l»-'niene,  t',Hj(C,Hj);  in  like  manner  methyl-etliyl-benzene, 
•\H/rH,)(C,Uj),  and  proj>yl-lieniene,  C,Hj(CjH,),  are  isomeric  with  tri- 
ini-tl.vM..ii/,.tie  ;  dielhyl-ljcnzene  with  tetra-metliyl-b<'nzene,  etr.  etc.  It 
is  <  I  hat  in  this  manner  a  lari;e  niimlR'r  of  ivonierie  iHulieti  may 

•St-  liigher  torins  of  the  scries.     The  Ktructure  of  these  isomerto 

hydruoarbouH  may  be  illastrat«(l  by  the  following  figures  : — 


Heth)rM>enzeDe.  Dlmethjrl-lieaxene. 


\-> 


~c-CBt 


\  n 

Ethfl-beoteng. 


:-«t^        H-< 


t-CH, 


Trlmfthjrl  bcniene.       Ittethyl^ethyl-benxeoe. 


i-^^-Ct^ 


Prnpjrl-beniBDe. 


tl  'ies<if  iM-niene,  thesijtcarbon-nloms  helonein^tothe1)en- 

l  to  form  the  ben  zene-ri  np,    beniene-n neleus, 
or  priuclpal   chain,  while  the  ^rntipe  CH,,  CH,CH„  etc.,  Joined  on  tu 

6S» 
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these  carhuM-atomg  are  callvil  latcml   •haini,     Thn  rtuinilcal 
tioa  of  an  aromntic  hydriH^arlirin  ililTcr  con»Mi:r*bljr  ocouniing  la  the 
ber  of  latoral  i-liniiis  wliioL  it  coutaini). 

Tku  ri<pliu.'Hmeut  of  the  hydrogc-n-atoms  in  ttui  pripcipal  «Bil  lifani 
chainH  by  CI,  Br,  NO,,  LIU,  MI^  olu.,  giTm  rbw  lu»ulBtlluU0a-<l«nvsU»a 
which  vxhibit  uumeroua  cii8t*8  of  ititiinvrisui. 

I.  In  neHzene-Jfrivaliceii.—TUv  moiio-<lvriTat(res  of  brnu-n«  dftttota- 
hihit  iHoinnric  mwlific^ations :  thus  there  is  but  un»  '•■■■••■■'•nm»»  ,  ium 
nitro-,  or   mono-amldobonxenu,  one   nionnhyilroxyl -:  or   phit^ 

C,H^(t)H},  eti;.     Hence  it  must  b«  inferreil   that   t)  -  of  brOMtM 

is  jwrfuotly  symmetrical,  all  its  nix  ear)»n-at»ii!-   "  >i.  ms  hi4nMi« 

aUnnH  Iwlng  equal  to  one  anolln'r  iu  rnlue,  an  i  iii|r  uadMr  M^ 

tions,  »o  that  the  repUc4.-nient  of  a  single  hy<li    „  m  by  aMittM*  <^ 

taunt  or  railiele  pnnluces  the  Mme  «lfecl,  in  whatever  part  of  lfa»  nulacnb 
the  Hulmtitutiou  taken  ptauv. 

The  higher  derivativeii,  on  the  other  hand,  formMl  by  replaoemcnt   ~ 
two  or  more  hydrogen-atomg  in  the  moletmle,  exhibit  isomi-rio  mndii 
which  are  supiKi^eil  to  depend  up<iu  the  relative  |" 
tiou,  of  the  substituted  radliTles.      Ueferrini;  to  tli. 
whitih  the  oarlxin-atoDis  in  iH-nxeneare  niniiljeriHl  fr»ii.  ■■..■   ...  ,... 
to  see  that   there  may  In^   llirw  such   uiialidi-atiotu  of  dieiUon>li«i 
C,U,C'1„  represuutod  by  the  following  figures: 


These  three  modifications  are  distinguisheti  by  the  symbola 
1:2  1:3  1:4 

In  the  first  the  two  ohiorinv-atoms  ar>*  contignotu :  in  the  acooml  thtj  i 

Mvparated  by  one  atom  ;  and  In  the  thirvt  by  two  at- '  '  ■  ■-  -  - 

18  clear  that  thesis  .nre  thefttily  thre«>  ni'j*lincati<.in!i  |.' 

4  :  5,  and  (J  :  1,  would  be  the  xauie  Hx   1  :  J;  2:4  iH'      J  i 

same  as  1  :  3 .  and  2  :  5  and  3  :  6  would  be  the  aame  uk  1  :  4. 

The  number  of  )KMsible  mnalifiuatiiins  furuied  by  suiwawiive  ropli 
of  the  hydro;;en-Btonis  in  Itenxeno  Im  at  follown: 

A .    Til'  li)fdrogn)-al'>nu  arr  mrmtiptJi/  rrpliieni  6y  lAf  utmt  *ltmm0  or  i 
pounil  tadieic.     In  thli  case  the  number  of  modifieatloiu  la  m  follow* : 


Numher  of 

Hjfilrorf»n3tomi 

tf\Ahff<\. 

Number  of 
Modinenllnn*. 

Pn«l«loo*of  tb«  rvptacdi 
H)rdro(ru.«loiua. 

one 

two 

thnw 

four 

five 

•ix 

iiifi' 

tliri'o 

three 

thrnn 

one 

nnw 

1, 

1.2, 
1,  2,  3  . 
1.  2,  3,  4 
1.  2,  3,  4.  5 

OoOMCUtiT*. 

1.  «. 

1.S.4 
J.  ».  4.  » 

1.4 

1.  \  5 

1 
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Thf  toR^ning  nf  llin  li-rms  nnigiBculive,  symmetricJil,  and  □nKyiiiiuetrical, 
mp{>li>*<l  Ui  tli«  tbri>(<  iiiioliliuHtiuna  uf  tlie  ili-,  tri-,  and  tetradvrivatires, 
wiU  be  betti-j'  undenitood  by  niiMiis  of  the  fullowiDg  diagram  : — 

CunaecutlTe. 
1 

/>2 


U' 


By  oniintiiig  from  different  points  of  the  hexagons  it  is  pasy  to  sea  tliat : 

In  the  Iri-derivallm,      1,  S,  4      li  the  »me  «•  1,  2,  4,      1,2,6      and  t,  5,  e 
lit  Ibelrlrn-derivktlvei,  1,1,4,  6  "  1,  S.  S,  5,  1,2,4,  0  Kod  1,3,6, « 

»odl,S,4, »  "  1, 2,4,4. 

B.    The  hjidrogen-ntrmii  arr  rfiiliicai  b>f  diffrrent  rlrmrnis  or  radirlet. 

If  imly  two  liydroRfU-atouis  arc<  thus  replaced,  the  number  nf  possible 
tnodifiiatiiiiis  rcinninK  the  sauit>  as  alK)^,  vix.,  three  ;  for  the  revertiai  of 
tlie  order  (All  ur  BA)  mu  make  no  difference  in  the  result  ;  but  if  threu 
or  more  hydrogen-atoms  are  replaced  l>y  different  radicles,  the  uumU'r  of 
|Ki»(tllile  modiricatioiis  Iximmef  larger,  inasmuch  as  the  order  of  siieei'sslon 
of  lh»  subtitituted  radicles  may  then  exert  an  intluence  on  the  nature  nf 
t)).-  i.r.xlii.i  ;  thus:  to  one  tribromobenzene,  (.',l<rUrUrtl],  iu  which  the 
1.'  uiB  <xvupy  the  plat»«  1,  2,  3,  there  will  correspond  two  dibro- 

j.,  I  Items,  Til.,    CjBrBrt'lll,,  and  C.BrflBrH,. 

ill  Ihv  present  statu  of  uur  knowledge  we  c.-vnuot  in  all  cases  assign  to 
th"  !u-vi>r.i1  ra<licles  which  replace  th«  hydrogen  in  benzene  their  exnet 
T' :  i  t  inns  in  each  isomeric  moiliflcation  ;   though  so  far  as  regards 

II  iiives  in  which  the  substiliiti-*!  rniliiles  are  all  alike,  the  list  is 

iKvin  >  i-Mi<|>Iete;  but  inasmuch  as  a  given  mixlilication  nf  a  ben7.ene-<le- 
rlratir--  may  in  many  cases  \m  converted  into  a  particular  mollification  of 
another  l)"'ii«ene-<lerivative,  by  simple  transformations  not  likely  lii  Inj 
attended  by  any  change  of  molecular  structure,  we  may  conclude  thut  in 
the  two  derivatives  tlius  prixlucible  one  from  the  other,  the  radicles  which 
repUiw  lwi>  or  more  atoms  of  hydrogen  will  occupy  uorrt^sponding  pincuil. 
Acmrdineir,  the  derivatives  nf  iM-nzeue  omtaining  a  given  number  of  re- 
|il        '  '  :itiim8  may  be  divided  into  groups,  each  contniiiing  tliueo 

II  r\\  call  be  foriiiiHl  on«  from  the  other,  and  in  which  tlierc- 

f  which   have  replaced  the   hydrogen-atoms   may  be  sup- 

ir  >rly  situale<l. 

iiviw  of  benieno,  e.g.,  C,H,C1C1,  C.H.ClBr.  C,H,n(NO,), 
rt  I,    iis   uUive  meiitiimeil,   three  such   mo<lifi<ntiMns,  which   are 

■(  i\  by  the  prellxes  orOto,  inrUi,  and /xiru  :   thus  the  three  dichlo- 

ri'N't rr"""  are  designated  as  follows  :— 


)1S 


HYDROCARBONS,  C,n 


<-',' 


iParaJichtorubuiuenu,    1:4     .         .         .     C,  a  M  U  CI  H  U. 
The  foUnwing  arc  the  principal  or  tjrpical  reprea«nt»UTda  at 
Berii-D  of  oouipouuds  : — 


OrUiodiclilnrobcniene,  1 
MeUdichloiolwntcno,  1 
ParaJichtorubuiuenu,    1 


1:2  1:3 

I"*  o/ox/X';;^"  I C.".  J>.  I-J— tecbin  R«»orcin 
Oxy-»ci(U,  C,ll,<Q,y  n     Salicylie 

V 


1  :4 
Rjr<lr«)BiM»< 
OxrlMmzoie    pMaoSjrUaail 


tl)imi'tliyl-brn«einus,  (.',11, (CH,),   Orlhoxyleoe  M 
Dicorbon-acids,       C,li,{lO,H),  I'luholio  1- 


PiraxjUa* 
TcrupkUuU* 


I 


Thu  relative  positiuiiB  of  the  8abstitat«<l  rn(liok>a  in  a  di-drrlr&liT»  rf 
lMnzi!iic  inttjr  lie  (IftermiiiiMi  tiy  comjiiurison  witli  tliosr  ••■  "  •■  •-     '■■■::•'--< 
wliieli  may  be  formud  from  it  or  couvortol  iiitn  it. 
imrlUod  may  be  illustrati^l  by  tlii.<  case  uf  the  <ii-liriin  ,''.'. 

Tbusv,  by  tlu>  action  of  uitrio  acid,  may  U*  vunvurt«l  into  atx  tiuUmt 
uitrodibromobvnzenes,  (',lljIJr,(NO,)  ;  these  latter,  trt-af"!  will;  rrHnHnf 
agents,  yiuld  the  nix  curr«<|^Hiii(|iiigamidiiXlibromii)N'ii  I 

in  which  thu  Nli,  takes  the  )ila«.v  of  the  NO, :  and  li 
seiiivs  (diliromaiiiline.s),  treated  by  proeessea  h^r 
cliatige  their  Nil,  for  II,  whereby  they  are   rrc 

li-m-s,  and   for  Br,  whereby  they  yield   tribromi  

Kaween  tlnise  di-  and  tri-derirativos  are  shown  in  ti 

in  which,  for  gimplieity,   the  C's   and  H'a  of  the   i 

omitleil,  and  only  the  Hulistituted   railiolea  arn  shonii    lu    Ui'ir   r 

plat'vs ,  the  several  tribronio-  and  uitrodihromolieuxeuea  arv  plocni 

call/  under  the  dlbromobenzeues  (roui  which  they  arc  dorlred. 


'1...  eir.^i,  r-j. 

'^h,  rclatim 
i;i<liitna, 
■  •\ueui'  II* 


DibromobenionM, 
Br 


1:3 


Br 


Br 


jBr 


[1:3:4  =  1:2:4    1:3:4 


Trihrtiiaob«inzeiu>«. 
Br  Br 

/\  ./\Br 


Ni  tro<I  i  liromobvn)t«in««. 


Br 


Br 


1  n 


Br 


NO, 


Br  NO,'v     'Bf 


Br 


Kr 


iT  (TO 


8K.NZENE-DEBIVATIVE8. 

An  iniipflction  of  tliia  iliagntln  shows  :  (1)  That  s  paro-derivatlve  (I  :  4) 
ou  givtf  ri«i<  to,  or  Ik<  ili-rivod  rnim,  only  otu  tri-derivative,  vii.,  the  uu- 
fl/nunetrical  nuxlilluntiun,  1 :  2 :  4  or  1  :  3  :  4. 

(2)  TImt  (in  urtlii>-<lwhvativ«  (1  :  2)  can  give  rise  to,  or  lie  produiH-d  from, 
Utv  Irixli-rivativus,  viz.,  Ihu  ouoseoutire  1:2:3,  and  the  unaymmotrli'al 
1:2:4. 

(3)  That  a  muta-dtrrirative  (1  :  3)  can  give  rise  to,  or  be  formed  from, 
All  the  three  Iri-ilurivalives,  1:2:3,  1:3:4,  ami  1:3:5. 

These  vouolusiunH,  which  are  fully  Ixirne  out  liy  (>xp<<riment,  enable  ns 
to  give  d<'liuitiun»  of  the  three  classes  of  di-durivatives  de|H;mling  only  on 
their  retalious  to  the  triHiiTiviitivcit,  ami  imlependeut  of  all  assum{Uioiis 
ks  to  the  relative  poiiilious  uf  thi<  sabatitutml  railiclcD  ;  thus : 

A  di-dorivati ve  of  benzene  is  para-,  ortho-,  or  meta-, 
according  as  it  can  give  rise  to,  or  lie  formed  from,  one, 
two,    or  three   tri -derivatives  . 

II.  In  llie  SubttiliUiOH-<JrTimtwef  nf  the  Ilomoloijue*  of  Befiiene.^The  deri- 
vatives uf  toluene  and  the  liigher  bydrocarlMius  uf  the  series  C„H„  ,,  ex- 
hibit two  kinds  of  isomerism  :  (1)  Aucording  as  the  replacement  of  the 
hydrogen  lakes  plaoe  in  the  lienieiie-nucleus  or  principal  chain,  or  in  one 
uf  the  lat^-ral  chains  (p.  8Cli)};  thus  from  toluene.  C,llj.CII,,  are  de.ivud: 

C.II.Cl.CU,  iaomeric  with 

Mooochlorotoluene. 

C,H/UH).CH, 
UretoL 


C,H.(NH,).C«, 
Toluldloe. 


C.Hj.CHjCl 
Beoiyl  chloride. 
C,H,.CH,(OH) 
Benzyl  alcohol. 
CVl5.(4i,(Nll,) 
Benzylatnine, 


These  isomerii!  derivatives  differ  considerably  from  one  another  in  their 
pnip«'rtit«.  Those  in  the  left-hand  column,  fonne<i  by  replacement  of  hy- 
drogen iu  the  Iwnzene-nncleus,  like  those  derived  in  like  manner  from 
l)«ni<:ne  ils>'if, — are  cumpiiratively  stable  compounils,  which  do  not  give 
up  ibelr  chlorine,  hydroxyl,  etc.,  in  exchange  for  other  radicles  so  easily 
ai  llii'  iwirM'sji-inding  derivatives  of  the  paraffins, — whereas  those  in  the 
rigbt-hanil  column,  formcl  by  repl.acement  of  hydrogen  in  the  lateral 
chain,  are  more  active  Uidies,  easily  susceptible  of  this  kind  of  transforma- 
tioti.  Thus  lieniyl  alcohol  treBte<l  with  hydrochloric  acid  yields  bcniyl 
chloride  (just  J4a  ordinary  ethyl  alcohol  ainiilarly  treated  yields  ethyl  elilo- 
ride);  and  thin  coinjKiinid  bcuteil  with  ammonia  yields  iNMuylamine ;  the 
chloriile  is  also  easily  converted  into  the  acetate,  cyanide,  etc.,  by  treat- 
ment witb   the  eort'WiHinding  |)ota»»iura  salts.      In  short,  these  last-mm- 

ti I  I.. I, ,..„..  .l..rir..itivc.s  exhibit  reactions  exBilly  like  those  of  the  wr- 

;"iunds  of  Iho  methyl  and  ethyl  groups.     The  two  serivM 

IV,  however,  be  repri-sented  by  formula!  of  similar  strno- 

■  nt  i-<uiljiiniug  isomeric  radicles,  l-^H,,  those  in  the  left-hand  culuniu 

..inii>ound»  of  methyl-phenyl   or  tolyl,  f',ll,(l.'Hj),  and  those 

4U  tiiK  right-h.ind   wlumn' being   compounds   of   pheuy  l-met  hy  I   or 

b«n»yl,  Cll,(C,Ui) ;<••!?••• 

Toluidine  or  Tulylamlne.  Benzj-lamlne. 

fO)   Aceording  to  the  orientation  of  the  snhstitnted  radicles  in  the  hen- 

n, ^TbiB  kind   of  isfimerism   is   of  course  exhibited   only  hy 

like  those  in  tin'  left-baml  ojlnmn,  including  the  bydrucurljoiia 

■,  ...Mtain  more  tlian  one  lateral  chain:  thus:  dimethyl-benieiie  or 

Hi   M.,  C,Ui(<-'H|)t.  exhibiu  the  throe  modifications,  1:2,  1  •.  3,  MuV  \  ■.  \. 

^ 
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The  difTen>nc«  iu  chemioal  character  ariisint;  from  sulistitulion  inth 
principal  or  iu  the  lati^ral  ohaina  is  much  grt-nUr  llianlhat  wUiclidep 
on  tilt!  orientation  of  the  sul>stitut«d  raiUclea  iu  tbi<  principal  cliiiiu;  i 
fact,  tho  difftToncisi  in  the  Utter  cxsi-  ar<f  oUielly  of  physical  character,  i 
Inting  to  density,  melting  point,  boiling  point,  etc.  In  s|M;alcing  of  tka 
two  kinds)  of  mtHlilicatinn,  it  will  l>e  couVL-iiiuut  to  deaigiialo  the  fonuer  i 
melaiuerio,  the  laltoiiu  isouiuriu. 


Bensene,  0,n,.^Thi9  hydrocarbon  can  be  producM  synthetically  frrWj 
itii  elements.      When  etliine  or  acetylene,  t'jU,,  which,  ixa  we  have 
(p.  .^10),  may  bi>  formed  by  the  direct  uombinstion  of  cnrbou  and  hydrog>'ii,| 
18  heiited  ton  tomperuture  Homewhitt  below  redueM,  it  i*  otmrertnl  iiiM 
suTeral  polymeric  modifications,  the  principal  of  whiuli  is  triethiiiai 
benzene,  3C,H,  ^  <',ll,. 

ThiH  mode  of  formation  leada  at  ouoe  to  the  oooatitational  fonnaU ( 
benzene  above  giren:  for  suppose  thrc«-  molecules  of  etiiiue  plactvl  u  I 
the  left-hnnd  figure  Ixdow  ;  and,  further,  that  one  of  the  tbrtH-  unilk  of  I 
affinity  between  the  two  carbon-atoms  iu  each  of  tbese  moleiujir)  it  r»>] 
moved,  and  employed  in  linking  together  the  nlteruate  carl>ou-atoms:  tlmtj 
we  have  the  formula  of  benzene,  an  givuu  iu  the  right-hand  llguru. 


U— f- 


-C— H 


Etliine. 


H— C=C— H 
Beuzeae. 


Benxene  is  also  formed  in  tho  dry  distillation  of  many  organic  suhstoncv. 
and  is  contained  in  considerable  quantity  in  the  moro  volatile  i>ortion  v( 
coal-tar  oil,  from  which  it  is  now  almost  alway.i  prcparcai.  To  obtain  it, 
the  oil  is  repeatedly  washed  with  dilute  sulphuric  oi-id  and  with  pctflsh. 
to  remove  the  alkaline  and  acid  products  likewise  existing  in  it;  ami  thp 
remaining  neutral  oil  is  submitted  to  repeated  fractional  dislillatiim,  Ibt 
portion  which  goes  over  between  S03  am)  90O  c.  (]7(P_|rt40  p.)  heint 
collected  apart.  On  c»H)ling  this  distillate  tn  — 12°  C.  (lO.+J  K.).  the  hen. 
»eue  orystallizi«  out,  and  may  lie  puriBiol  from  adhering  liquid  g'ulHUnn* 
by  pri«gure.  It  is  now  prepared  iu  immense  quantiti«s  for  the  maniifMi 
turo  of  aniline ;  but  the  commercial  product  is  always  impure,  oonUinii^ 
also  the  higher  niemlturs  of  the  series. 

Pure  beujiene  may  be  obtained  by  ilistilling  benzoic  acid  with  lime : 


C,H.n, 

Benzula 
acid. 


+ 


CaO 

Lime. 


Beoieae. 


=  TaCO. 
<'ftlrium 
carbonate. 

B<>nzenr.  is  identical  with  tlie  so-called  himrhurrt  of  kyhogem.  disoore«4' 
niany  years  ago  by  Karaday  in  tho  li(iuid  condensed  during  the  oomnrcsjii* 
of  oil-gas  (p.  IfJii).  "  ^ 

Pure  benzene  is  a  thin,  limpid,  colorless,  strongly  refracting  liqiii4, 
V*''ii^?.*  I"*^""*""  ethereal  (nlor.  It  has  a  density  of  0.H89  at  to  t\.f<'j  at 
1^.^  U  (59.UO  F.),  boils  at  80..'iO  c.  076.HO  p.)',  and  »olidifi«  at  <►  u.  * 
mass  of  rhombic  crysUls  melting  at  30  C.  (.37.40  F.).  It  is  m.arl  v  insolul.l* 
in  water,  but  mixes  with  alwhol  and  ether.  It  diasolv,^  i(Nlin;.  sulphur. 
«n.f  phosphorus,  and  a  larg..  numlH-r  of  organic  suUlauc.^,  fat*  and  rttsin. 
wr  cuaiuplo,  winch  arc  insoluble,  or  very  sparingly  soluble,  iu  w«let  and 


TOI.0E5B. 


815 


hence  its  use  in  many  chemical  preparations,  and  for  removing 

'     III  artiuloa  of  dre«g. 

■  il  ill  th<i  statB  of  vapor  tlimugh  a  jiorcelain  tabu  heati>d 

. .-5.  is  partly  resolved  iiilo  liviirogrn  goa  oontaiuiug  a  small 

ntity  of  vtbliie,  and  thu  following  lit{iiitl  pruduots:  (1)  diplienyl, 
l,.s:^',H,  —  U,  ;  (2)  diphouyl  benzene,  t'.Ujd'jH^),,  formed 
ming  t<i  llie  i-ijuikliou  ;1C,I1,  =  C,,H|,  +  211, ;  (H)  b e  ii  a; ery  t  li  r  e n  e , 
lid,  rt«iuouB,  oraugo-colored  body  ol  iinknuMii  wtiupoiiitiou,  which  <liH- 
Dvar  in  yellow  vapors  at  a  dull  red  heat;  (4)  bituiueue,  a  lilftekisk 
id,  wliicli  remain!)  iu  the  retort  at  a  dull  reil  heat,  and  soliititicii  on 
Ing.*  Healeii  to  2750-28(0  C.  (527Q-53(;o  F.)  with  bU  to  lot)  piirUi  of 
ug  liydriodic  acid,  it  i«  converted  into  hexaue,  C,H„. 

BtriTE-coxpotTTtDa  OF  Renzexe. — Benzene,  though,  as  already  observed, 
■tly  reacts  as  a  saturaU'd  molecule— exhibiting indee<l  in  iUi  cheuiiiiil 
Eun*  a  Very  oloie  reiemblaiiM  to  the  paraffiua — tan  neverthiika«,  under 
lin  circuuist&noea,  take  up  0  atoms,  or  A  molecules,  ol  chlorine  or  bro- 
»,  forming  the  compound:)  C,ll,<-'1,  anii  L',H,ltr,.  These  are  cry»tnlliue 
M,  obtained  by  exgxisiug  benz<-nt.'  to  Hunsliiue  in  eoutaet  with  chlorine 
romine,  the  former  also  by  mixing  the  vapor  of  boiling  benzene  with 
rine.  Benzene  hexcliloride  melts  at  13i^  C  (2ti9.tiO  F.).  and  boils  at 
*  (".  (550.40  K.),  being  partly  resolved  at  the  same  time  into  hydro- 
ric  aeid  and  triohlorobonzene :  0,H,(.'l,  =  3HC1  -f-  I'^HjClj.  The  sumu 
lupoaitiuu  Ls  qoiekly  pro<iaced  by  heating  the  c-ompnuiid  with  uluoholio 

Eof  potash.  Benzene  hexbromide  exhibit-s  a  similar  reaction. 
■no  is  also  capable  of  uniting  directly  with  time  nmU-eules  uf  hi/im- 
ttriil,  forming  the  couiiioond  C,H,CljOj,  or  C,1I,.3CI0U,  which  crys- 
in  thin  oolorless  plati'S  melting  at  about  U>^,  ami  is  oonvertetl  by 
into  awhile  deliquescent  compound  callcl  pheuose,  C,U,,t),, 
ferto  with  glucose  or  grapo-sngar : 

C,H,CI,b,    +     3HK0    =    3KC1    +    C,H„0« 

»  formation  of  these  additivn  oorapounds  may  be  explained  in  the 
i  DiAnner  as  that  of  ethene  bromide  (pp.  f)l>-l— 6),  namely,  by  supposing 
when  the  Ix-nzene-miilet'Ule  is  subjcrleil  to  the  inlluence  of  chloriux, 
ioe,  etc.,  the  attachment  of  the  alternate  pairs  of  cartK>n-at<uus  is 
~,  *o  that  «aoh  pair  of  carbon-atoms  Utcomes  united  by  only  one 
of  afflnity,  and  each  carbon-atom  has  one  unit  of  affinity  left  fruu, 
rvaily  to  take  up  an  atom  of  chlorine  or  other  univalent  radicle.  The 
tv  of  the  alteration  is  shown  by  the  foUnwing  lignres,  in  tlie  second 
bicli  the  ansatorated  atBujliea  arc  indicated  by  dots : 


H— C 


C— H 


Sstnnted. 


Uniaturslcd. 


slnene.,  f",n,,  or  Metbyl-bensene,  Cjllj^rn,).— Tliis  hy- 
urbou  is  priKlured:  Synthetically  (1>  By  the  action  of  sodium  on  a 
art)  of  broiiiobenzene  (phi-nyl  bromide),  and  methyl  hKlide : 

lerthrtot,  RulleMn  do  U  Socl«t<  Ohimlque  <I«  Pitrti  [1],  tI.  pp.  nr,2l«v 
Ills,  Auo.  Ctaem.  tlxxtr.  SOI. 
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C,n,Br    +    CH,I    +    N», 


NaBr    +    Nal     4.    C;H,.CH,. 


This  reaction  is  an  example  of  a  general  sjmlhetioal  melbod  at  pr 
the  hydroi^arbons  C„U,„_„  ri'jirescuUni  by  iho  ciiuatioii  : 


C.H^Br     4-     C.H^+,1 


-f     Na,    =     NaBr    +     NaJ 

-f    c.n„_,.c.u,.+,[=r^H^. 


2.  By  the  mutual  action  of  1)enieno  and  melhani'  in  the  nascent 
as  when  a  mixture  of  'i  parts  of  sodium  acetate  and  1  port  of  •oJioai  I 
xoatu  is  aubJuot«d  to  dry  distiliatiou  : 

C,H,    +    CH.    =    C,H.    +     H,. 


I(  U  also  produced  by  distilling   toluic  ^id,  C,H,0, 
'  abstract*  carbon  dioxide : 


with  Urn*,  vktA 


C.H.O, 


CO,        +        C,H, . 


It  occnrs,  together  with  beniene   and  the  other  hyilmnarbom  «4  IW 


Series  iu  light  oonl-tar  oil,  and  in  the  iiriKlucts  of  tli^ 
TdIu   Imlsam,  (Irnguii'si  IiIchkI,  and    otUer    veget.tbK' 
gel  her  with  luony  otiier  liy<lrocarl>oii«,  m  Kiui>!Oon  tar 

Toluene  is  a  limpid  litjuid,  smelling  Iik»  iHMueue,  and 
of  0.«S2  at  00.     It   boils  at    llio  C  (Uill.lya  K.),  »nd  d... 
-2(IO  C.  ( — JO  F.)-     In  reapeet  of  EoluUlity  and  solvent  1 
mniOi    like    iK-nzeue,   but    dissolves    somewhat    uium    ri-u 
When    treateil  with    oxidiiiun    agents,  it   yit'liU    U  t 
diTivalivfji  thereof;  with  (ml.'usBinm  chroniate  and  ei 
lieuiuio  auid ;  and  by  pruluuged  boiling  with  strong  umii 
xolo  acid. 

Till u<'ue  vapor  passed  through  a  red-hot  porcelain  ltili<*  i» 
into  hydmgi-n  goa  (with  small  quantities  of  mcth.xii' 
fullowing  liquid  products  :    (1)   Benzene  and  nnpliil. 
qnnntilies.     (2)  A  cry«talliiablc  hydrwarlninTolalil' 
v.).  Olid   probably  consistinK  of  diheniyl,  C„U„.     1 
Willi  the  last.     (4)  A  mixture,  distilling  abov*  M*^-  (..  1 
tbiJicene  with   an   oily  liquid.     (.■))   Chryaene  and  llm  ln- 
pro<l(it<ts  of  lienxene.     The  formation  of  tienxene,  napkthalv 
and  dilwniyl  is  represented  by  the  equatioua : 

c,.n,. 


inftW  r»'^nl««i 


.i»3i? 


2r,H,     1=      C,,n„     +      n,  ;       2C,11,  ..    .. 

Toluene.  Dltirntyl.  Toluene.         Aotbrocea*. 

4c,n,    s    ar.n,    -4.    C,„1I.    +    3H,  . 

Toluene.         Benione,  N«ph'h*- 

Iru*. 


Hydrooarbona,  r,H„.—ThU  formula  li>Ma<l««  the  two  1 
bodiva ' 


C-1I,(CH,CH,) 
Elhyl-keoieaa. 


r.n.(CH,), . 

ninirthyl-beaieat. 


1.  ETiirx-BKneFxx  Is  produced  by  the  ai>llon  of  scxlinm  00  a  I 
tnnnobroinobenxene   n"  '    -.n,.!    1.. ....... I..       Ii    .«   fi   ...l.,il.--<    iik.il.; 

vt'fv  much  like  toln.  ' 

I  (273.20  P.).     By  or  1 

neid.     It  is  altaekod  by  chlorine,  brDniine,  aud  mlrlo  autd,  turoitu^  ' 
'  tullon-pnidnotg.  • 

2,  Pimrr«Ti.-HKM[a»«,  or    Xtloxr.  admlta   of   lb«  Oirtw   ■Hatltcat. 
para-,  ortho-,  and  meta>     Tl"<  li""'    '"'I  "•••••iiiil  »»••  fir\Jai.«d  by  iIm  atAk 


Bf  todiom  on  a  mixtnre  of  methyl  iodide  with  para-  and  ortlio-bromotolu- 
Bi*  naapuctiveljr,  Ui«  Ijroiiiiim-alom  in  each  case  being  replaced  by  methyl : 
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M.<^^  + 


CU,I    -I-     Na,    =     NaBr    +     Nal     + 


C.H.<^[|.  . 


Orthnxyleuc   is    also   formed    by   licmtiug    orthodimcthyl-benzoic   acid, 

C,H„0,  =  C'jllj  i  f.Q  .J  •  ,    (inappropriately  called   paraxylic   aci<l),  with 

lime;  C,U|,0,  =  CO,  ■{-  C,H,g,   and  nietaxyleuc  (or  isoxylene)   in  like 
■unner   from   two  other  mudilicutiuuB  uf  the  same  acid  called  xylio  and 
loitenic  acids : 

4- 

COjH. 

CO,H. 

U. 


1-2        3 
acid,    C,.CH,.  CH,.     H. 
1.  C,.CH,.     H.    CH,. 

*«u.  .110  acid,    C,.CU,.     U.    CU,. 


5 
U. 

H. 


ti 


U,  gives  1  :  3  Xylene. 

H    1 

ii'  f  i>>ve  1  '•  -2  Xylene. 

fkt^e  isomeric  xylenes  are  colorless,  volatile  liquidB,  orthoxylene  boiling 
*  J40Q_UlO  C.  (2840-285.80  p.),  metaxylene  at  137C  C.  (278.(iO  V.),  and 
>»r*xTlcne  at  13«cul370  C.  (27t;.8-02"«.tiO  p.).  Meta-  and  para-xyleno 
I  '  nued   in    the  less  volatile  portion  of  light  coal-naphtha.     When 

.n  of  thin  liquid  which  hoiU  at  about  1410  C.  (28r).«0  p.)  ig 
iuaK>-ii  with  oil  of  vitriol  containing  a  little  fuming  iiulphnric  acid,  the 
ijrlvov  is  diiisulved  in  the  fonu  of  xylnne-aulphouic  acid,  C^Hi^Oj ;  and 
■a  <i»<'..iii|Kj8iug  this  compound  by  dry  diiitiltalioo,  and  purilying  the  dig- 
washing,  drying,  and  rectilicatioii,  a  mixture'  of  metaxylene  and 
^vl^  .  ■        lie  is  obtained,  cfjntaining  ilO  per  cent,  of  the  fonncr. 

ieuv  (cither  modification)  potssed  throuf;h  a  red-hot  tulw,  is  resolved 

|it  mlxtare  of  several   hydrooarlmns,  among  which  are  benzene,  tolu- 

ityrolene,    naphthaleue,    anthracene,    and    its    higher    homologueti. 

furmation  of  some  of  those  prodaots  is  represented   by  the  following 


kC,H„ 

— 

H, 

^ 

C.H, 

(Styrolene) 

9<-,H,o 

— 

311, 

c= 

2C,H, 

+ 

l^'mH, 

(Naphthalene) 

2C,H, 

— 

all, 

= 

^It^lO 

(Anthracene). 

TIm<   xylenes,  oxidized  with    a   mixture   of  potaaainm  dichromate   and 
Alphurio   acid,  are   converted   into    phthalic   acids,  C,H,Oj,   or 

»{c()OU  '    ''•^""■'I'ng  to  '•>«  equation,  C,H,o  +  0,  =  2H,0  +  C.ll.O,, 
■Mxlilication  of  the  hydrocarbon  vielding  a  corresponding  modification 


I  Miid. 


Rydrooarbona, 

Bstaoieric  buJies  : 


C,tl„. — This  formula  includes  the  three  following 


I 


C.H,(C,H,) 
Fropyl-beoxene. 


Ethyl-methyl. 
beuzeae. 


C.IlJcH, 

Trlmelliyl. 
beuzcDe, 


AU  tliree  have  been  formed  synthetically,  the  first  by  the  action  of 
j^fji"*"  and  propyl  iodide  on  bromobenzene  ;  the  second  by  that  of  sodium 
lad  «thyl  bromide  on  br<imotoluene ;  the  third  by  that  of  sodium  and 
Mthyl  bromide  on  bromoxylene  ;  thus  : 


(l)C.H^Br 

tC,H.Br(CIl,)  +  C.U.Br -f  Na, 
C,H,Br(CH,),  4-  CHjBr  +  Na, 
09 


4-  C,H,I    +  Na:  =    NaUf  +  Nal  -f  C,n.(C,H,) 

-U,Br-f  Na,==2NaBr  +  C,H,(rH,)(C,n.) 

■  "^  -  2NaBr  +C,H,(CH,),. 
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1.  Propyl-beniene  ia  a  liquid  which  l>oiU  at  1570  C.  (314.1*  F.),J 
tonaa  with  excels  of  bromine  arigciii  t«trabriiiuiualed  cunipooml,  C,ll,Br|fl 
and  with  oxcmss  of  strong  nitrio  and  aulphario  aoids,  a  crystaUina  thnitrw 
d.Tivative,  t",II,(NO,),.  ■ 

A  liydrot'-urU)!!,  calliHl  cnmciie,  also  hariiig  the  i-onipinitidD  r,H,J 
ami  yi-ry  luuuli  likt<  priip,vl-lx<uxon«,  exists  ready  funued  in  Kuumu  riiniiq^ 
oil,  anil  ia  obtaini-d  artifieinlly  by  distilling  cumii-  acid,  (",gll,j0^ri^| 
limi* ;  but  it  boils  at  a  lowor  tcmpi-rature,  viz.,  1510  c.  (3li3.^-  K.)?^^! 
with  bruiuinci  a  Guely  cryat^illiztHl  pentabromiDat«d  derivative,  t^^^^l 
and  IB  converted  by  excesa  of  a  mixture  of  nitric  and  salphuric  aci^^^H 
into  diuitrucumene,  C,ll,(,(NOj),.  It  agrees  with  prupyl-lienzene.  ho1^^^| 
in  being  converted  by  oxidatiuu  with  chromic  acid  into  benxoic  acid.  HiihM 
it  ia  probahlu  tliat  botli  these  hydrocarbons  have  the  com|KBitiuim 
C',n^.C,H, ;  but  that  cumene  consiatu  of  uiu//ro^y/-/wn:me,  CflJj.CIl(QB|H 
whereas  th<<  com)iouQd  formed  by  the  action  of  sodium  and  propyl'^^^f 
on  broniobi'UZiMio  is  uormni  frrojiiil-hciiztrie,  (',lIj.CH,(.'H,CH,.  Tliia  ^^^H 
aition  ia  in  au<xirdauce  with  the  lower  Uiiling  point  of  ruuicne,  aa^^^| 
geuernl  lille  that  i8npriipyl-<x>w|Miunds  lx>il  at  lower  teiuperaturoi  tUH^I 
correupohding  uurmni  propyl-coiiipouuds.  ^B 

Cuuiul^e  dissolves  in  hot  fuming  nitric  acid,  and  water  added  to  ttia 
solution  throws  duwn  a  heavy  oil,  consisting  of  mononilrocunwain 
t',ll,,(NO.),  which  is  reduced  by  anuuonium  sulplijde  to  omidocuiactK  cfl 
oumidiue,  C'^U„(NU,).  fl 

2.  ETirrL-HETiiTir-BB.MEKK  or  ETiiYi/-TOLrK»K  is  known  in  two  isonifrUl 
modificntions.  The  /xini-uitHiifloation  (1  :  4),  obtained  from  parabmoiaa 
toluene  and  ethyl  brciniidi^  in  the  same  manner  as  ethyl-lx'nzene  froui  laofl 
molKMizene,  is  a"  liquid  lioiling  at  l(il'^1820C.  (321.!«<l-Ji3.l?^  K.).  »n4i 
having  a  density  of  l).g65  at  21°  C.  (G9.»<0  F.}.  By  »xi<lati<m  it  yirUd 
terephthalie  acid.  The  nir/d-moilifieation  (1  :  3),  obtainiHl  in  like  nianixfl 
from  melabromotolneue,  Ixvils  at  IfibO-lSOOC.  (310.40-318.2°  P.);  Uu  M 
density  of  U.fiti!)  at  20^*  C.  (titiOK.);  and  ia  converted  by  oxiiLatiiUi  in»^ 
isoplithulic  acid. 

3.  TsiMKTiiyL-BE.NZESE,  r,H|,(rHj)„  Is  Buscpptible  of  throe  iaoineric  mnM- 
flcatitms,  only  two  of  which,  however,  are  known.  Uoth  of  tliem  exirt 
in   coal-tar,  but  uauuot  be  oumpletvly  separated  therefrom  by  fractiofldJ 

distillation.  ^ 

Mesitylene,  or  Symmetrical  Trimothy I-bonzdne,  C,.Cld 
H.CIl,.U.Cll(.il,  is  fonned  by  distilling  acetone  with  sulpbario  acid:       il 

3C0(CH,),     =    C,n,(CH,),    +     3H,0  .  | 

A  mixture  of  1  vol.  acetone  and  1  vol.  anlplinric  acid,  diluted  with  1  ntM 
water,  is  distilletl  from  a  retort  containing  snud,  and  the  oilv  lay^T  of  tkfl 
distillate  is  separated  from  the  watery  layer,  washed  with  solution ^3 
sodium  oarlHmate,  and  distillol.  ^ 

Mesitylene  is  a  oolorli-ss,  fragrant  liquid,  boiling  at  1630  C.  (.12.'..4C'  P.>JI 
By  oxidation  with  dilute  nitrio  acid,  it  is  successively  convcrtwi  into  nii-Jj 

lylenic  acid,  C,llj{('!l,),m.n,  mesidic  or  nvitic  acid,  C,Hj(CH  "\,\ 

and  trimesic  acid,  ('o"i(f"iH)j,  all  of  which  have  the  sjnnm. 
ture  1:3;  !>.     By  oxidation  with   chromic  acid  mixture  it  i» 
decomposed,   with    formation  of   acetic  acid.     Heated  with    phosphoni 
icHlidti,  I'U.I,  to   25(>o_:i(>(iO   c.  (4,S2a-5720  p.),  u   jg   wnverteU    into  Iha 
liydrocarhon,  r,H,.,  which   boils  at  13tP  C.  (27i5.80  p.),  md  yields,  with 
oxidizing  agents,  the  same  products  as  mesitylene  Itself. 


Ji 
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Pse  udooumene    or    Ungymmetri  cal     Trim«  thy  l-benzeno, 
i.CHj.H.CHj.rilj.H,,   occtira,   tOfjrtliiT   with   niuRi'lylene,   in  eoal-tur  oil 
lioiJini;  at  IHiO-ltibO  C.)  (323.«Q-3;U.40  F.),  ami  is  formed  by  the  actiou 
f  niBtnjI  icxlide  and  MMliuiu  on  bromoparsxyleue,  C,.CIl,.H.Br.Cll,.H,,  or 
ylene,  C,.CH,.H.CH,.Br.U,.     It  boiU  at  lOGO  c.  (330.SO  F.), 
is  ozUized  by  dilutu  iiilriv  to  poraxylio  acid,  C,U|(CU,),CU,ll,  and 
a^UdJo  *eid,  C,H,(CH,)(CO,H),. 

Hydrocarbon*,  Cu,H,«. — Of  these  there  are  five  metamerio  modifl- 
eatjoiis,  vU. : — 

Butyl-beiuene C,Hj.C,H, 

Mvtbylpropyl-beniune     ....  C,H,.(,'Uj.f',nj 

l>i.<thvl-l»-nzt;nH (.',ll,.C,llj.L',H5 

Ethyr-dimelhyl-bi'iufne  ....  t^llj.CjUj.CCU^, 

Tetramcthyl-beiueuu        ....  C,li,(CU,), 

1.  B<TTTL-«B.M(K.M!. — Of  this  hydrocarbon  there  are  tliree  BubnuKlifloA- 
^jffrTTi*  d«'|ieniling  tifjon  the  strDctureof  the  butvl-radiile,  \urmiil  liiilyl-lmi- 
acM,  C<lli.CIL,.CH,.C'H,.CUj,  aud  Iiobu/i/l-b,uz'tnr,  V,n^.Cn,.n\(,('M,),,  are 
obLkined  by  the  a<iti<iii  of  sodium  on  a  mixture  of  bruiuobeiueue  and  nor- 
laaa]  or  isobutyl  bromide,  or  on  a  mixture  of  Unizyl  bromide  (C,II,.l'l{,Br), 
or  rhioridu,  with  the  iodide  of  normal  propyl  or  isopropyl.  Tlie  first  has 
m.  U.  nsily  of  0.SII22  at  l«o  f.  (OO.SO  F.),  and  boils  at  18(iO  C.  CiCiiSO  F.)  ;  the 
■vooBd  hu  a  density  of  O.ba  at  IfiOC.  (5i<o  F.),  and  boils  at  ItJV.SO  C.  (333.50 

9.).     A  third  Imlgl-lienzene,  C,nj.CII<Q,jj»f,jj   ,  having  a  density  of  0.8721J 

■t  \0>  C.  (60.60  F.),  and  boiling  at  17(lO-17-JO  C.  (33SO_341.(P  F.),  i.^  pro- 
Aaeed   by  the  action  of  zinc-ethyl  ou  pheuyl-ethyl  bromide,  C,llj.CllUr.    ^ 
CB,.  ■ 

C'hVi!  CU    ^^  •  '*^'  °*'""" 
in  Roman  cnmin  oil  (the  volatile  oil   of  the  seed-s  of  C'nminum  Cgmlnum), 
&nil  in  the  volatile  oils  of  AvcAo^i'*  >-iy«irrtii,  Cicutti  rirngti,  J^wtilyfttiu  ylotittJua, 
»ii<l  nllier  plants.     It  is  productKl  synthetically  by  the  action  of  smiium  ou 
'  of  parnbromotoluene  aud   normal   propyl  imlide  ;    forme<i  also 

iitine  oil  and  iti  isonieridea,  C',„II„,  by  heating  wilh  icKline,  by 
i  .      .:■  II. .11   of  strong  sulpliiirio  acid,  and    Ivy  hfating   the  dibromides  of    ^ 
11.  —  .   hydn>carh<'>ns  Willi  sixlium,  alfoliolic  i>ota»h,  or  nnitiue.     It  appears    fl 
aU.    I.I  "lif-  formed  in  sm.ill  (jUaiiUty  by  tlie  HponL-ineuiis  oxidation  of  tur-    B 
jx-ntincoil  in  contact  with  the  air.     Furtlier,  it  is  prodiictHl  from  the  iso- 
iiii'rio<M>iitpnnnds,  thymol  and  carvaorol,  (',U,(0!l)((ll3)(l',U,),  by  besting 
with  pho-iphorus  pintnsulphide,  or  by  the  attiiiu  ol'  iihoaphorus  peulachlo- 
nde  and  sodinm-amalgam,  chloro<^ymene  being  lirHt  produee<l   ami  then 
Ji-eh!i>rinBte<l    by  the  sodium-amalgam  ;    lastly,    liigdlier    with   toluene, 
x.vl.-iie,    mi-sitylene,    and    other    liy(lrocftrlK>ii»,    by    dixtilling    camphor, 
•  ',jll,,<>,  liver  zinc  chloride  or  phosphoric  .•uibydride.     It  is  most  easily 
pr.-p.,iri-d  by  gently  heating  two  parts  of  enniplinr  with  one  part  of  phos- 
phiifurt  p<-ntasulphide,  re]K>atedly  agitating  the  crude  distillate  with  strong 
aulphuriu  «cid,  aud  re<?tifying. 

Cymeue  is  a  liquid  having  a  specific  gravity  of  0.8732  at  OO,  and  boiling 
at  17.^0  C.  (3470  v.).  By  o.vidntion  with  nitric  and  with  chromic  acid,  it 
yield*  paratoluio  and  terephllmlie  aci'is.  It  dissolves  in  strong  sulphurio 
•did,  forming  a  sulphonic  acid,  the  barium  salt  of  which  crystalliziai  in 
■kiaini;  laminiu,  having  the  composition  ((',oII|,^0,),Ba  +  311,0. 

3.  DiBTnTi.-nK!«zB!»K,   C,H,(C,1I,),  (1   :  4),  obtained   by  the   action  of 
lium  on  a  mixture  of  brometnyl-lH-nzeno  and  ethyl   bromide,  is  a  oolor- 
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less  liquid  which  boils  »l  17»> -l"!lo  C.  (352.-IQ-S54.30  P.).  i 
rerlml  by  oxidatiou  iuto  ulliyl-bvuaoio  acid  (1  :  4j  ttui  l»rr(>lih 

4.  E-niTi.-DiiuTiiTL-Buuuni  or  Btht1/-ztu3i>,  C,H,  I  uh. 

together  with  melhyl-diethrUbrnxene,  by  diH' 
kt^tone  (aoi^touc-)  oud   iucUi,vl-«tliyl   kptouo  v: 
like  mesityleut",  it  po«m<sst«  tin'  svintni-trical  > 
It  has  8  (irnsily  of  (i>G4  at  2iPC.  (tJt*  V.). 
359. tP  F.)i  aiid  is  oxidized  by  uitric  acid  tu  utci, 

6.     TETRAHBTITTL-BBIIZXnB    Or    DcBHSE,  C,H,(CH,),  (oul. 

metrical  f),  is  formed    by  the   action  of  ^-.^ 
iixlidu   and    bromniwuudiioiimpne  on  dili 

ordinary   tetii)>i'ratur<«s,  iwlts   at   ?!•  -Mi      ..    ^... . 

]!KiO  <_'.'(3740  F.),  and   is  oxidixed   by  dilute  nitric  ncl4 
C,1I,(CH,),C0,H,  and  cumidic  acid,  CU(CH,),{CO^),. 

Tlio  unsyraiuetrical  nifidifloation  (1:3:4:5),  obtAiued  I 
sitylcn.',  I«il8  at  192Q-1940  C.  (377.6Q-38l.'20  v.),  had 
low  ti'mperaturo^. 

Hydrocarbons,   C„H„. — Of  the  levan  metamorio  ' 
presented  by  this  fonuuJa,  three  only  have  boen  obtaiuml,  vk 


boiling  at  1930  C.t 
(Cllj),        „  18«0C.  I 


C  11   {  ^^"' 


Aniyl-lH'nzene     . 
Dii'ihyl-iuetliyl-benieno,  or 

Diethyl-tolnene 
Propyl  -  dimethyl  -  beniene. 

Propyl-xylene  or  Laureno 

The  first  is  obtained  by  the  action  of  solium  on  a  mixtoj** 
benxeno  and  amyl  bromide ;  the  second  by  that  of  xina-vt 
chloride : 

C,U,.CHCl,    +     Zn(C,nj),    =    ZnCl,    -f    C,I1^CII,( 

the  third,  tijgnther  with   several  of  its  lower  boniolui^iK*,  1 
oatnphor  with  «lnc  chloride.     The  constitution  of  Ibb  last  m 
inf<Tri-<l   from  its  reaction   with  dilute   nitric  a>ud,  which  oxii 
L),: 


lauroxylic  acid,  C,U„^Ua 
C  H  I  (^^»)i    J. 


0, 


3C0,    +     3H,0    +     C.H.{<^ 


Hydrooarbona,  C,,H,,  nod  C„H«. — These  hndf<w  adoUl  i 
ous  moditicatious,  but  the  first  is  known  in  only  two,  tha 
modification,  vix. : 

BolUiu 

point,  »•  c 

21  ROC.  (424.40  p.) 


Triethyl-benieno 

Amy! -inetbyl-beuxene   or 

Amyl-toliicno         .         , 

Amyl-dliiiiiibyl'bonxeno  or 
Aiayl-xyieue 


C.H,(C.HJ. 

fLft   /'  »"n 
^""■^(lll,), 


.".{ 


2130  C.  (416.40  F.) 
2330  C.  «51.«0| 


Triethyl-beniene  (1:3:5)  is  formed   by  distiUiDK 
knt<inei.  CO,— CO— 0,H„  wlUi  sulphurio  aoid ;  11  U  oxidU 
acid  to  trimxslo  a<Md. 


fortir 
brmuv 


><i<nw    and    amrl -d  imnth.rl-H«B«*i 
limn  and  amyl  brvmlde  oo  broatiomM 
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Z3  tbeny  1-bensena    or    Vinyl-benzene,   C,n,  ^  r,Hj — 

CH^CH,;  also  called  liiefii/l-ntheuf,  Ciniiatrwne,  ami  Stt/mlene,  TUifl  hydni- 
csrbcro  ocoara  in  liquid  «t<>r»x  (from  Lii/iiiilomhtir  oriniUiU),  and  may  Iw 
ptvpared  tberefmm  liy  di»tilliiig  tlio  balKam  with  water  containing  a  little 
•odiuiu  carbr>natf,  to  retain  rinnnmii-  neiil. 

Ii  is  produutfd :  I.  SyutUulicully  :  a.  Uy  passing  a  mixture  of  benzune- 
T»por  and  acetylene  ur  etUene  tbrougli  a  red-liot  tube : 

C»U<     4-     C,H,     =     C,H,;8ndC,n,    +     C,H«    =     C.H,     +     U, . 

t.   lo  like  manner,  together  with  beiut-ue,  from  dipbenyl  and  ethene: 

Cu",,    +     C,H.    =    C.II.    +    C,U,. 

2.  Id  the  decomposition  of  xylene  which  takes  place  when  the  vapor  of 
tttat  •mupoand  ia  paiiiied  through  a  red-hut  tube:  C,H„^=£C,11, -f-  U.^  (p. 
M7). 

3.  B/  diatilUng  cinnamio  acid  with  baryta,  which  removes  uarboa  di- 
Ui4e:  C;H,0,=  C0,-|-C,H,. 

Cuaaauit-ne  in  a  verr  mobile,  colurlesu  oil  of  specific  gravity  0/J^.  It 
Wis  at  14tiO  C.  (294.!^  K.),  and  has  a  density  of  0.9;i4.  When  healed  to 
i(KP  C.  (3920  K.)  in  a  sealed  tube,  it  is  converted  into  a  white,  traus- 
parvot,  highly  refractive,  solid  sulistance,  called  metaci  uu  amene  or 
metastyrolenu.  This  substance,  when  heated  in  a  small  retort,  yields 
tdutillate  of  pure  liquid  cinnamene.* 

A  mixture  of  cinnamene  vapor  and  ethene  passed  through  a  red-hot  tube 
jirUU  large  quantities  of  benzene  and  nnpliclialcne.  The  first  is  prmluced 
from  the  eiuuiuueue  by  abstraction  of  C,ll,  ;  the  second  according  to  the 
tqustiou  : 

C.H,    -f     C.H.    =     CoH,    +     211,. 

A  mixture  of  cinnamene  and  benzene  vapors,  passed  through  a  red-hot 
Itorrrlain  tube,  yields  outhraoeue,  C,(U|g,  together  with  small  qi^antities 
of  otiier  products : 

C,H,    4-    C,H,    -    C..n„    +     211, 

Cinnamene  acts  with  chlnrino  and  bromini*  like  a  bivalent  radicle,  form- 
ing the  compounds  C,H,C1,  and  TjlIiBr,,  which,  when  treated  with  alco- 
holic potash,  give  up  HCI  and  HHr  (like  the  cfirrcsiHindini;  etbene-cnm- 
pouiiils),  leaving  rhloro-cinnamene,  CV'Iin.aiul  bromociimamene.  f',II,Mr. 
Aix'ording  to  I.aurent,  cinnamene  yielils  with  ch!i>r!nf  a  hexrhloride  of 
dichloro-cinnamene,  0,11,01. .CI,. — Mi-I.ncinnainene  is  also  aitiil  upon  by 
bnniilne,  but  with  considerable  dlfllcnltv. — Roth  einnnmone  and  meta- 
ciniiameno  treated  wilh  fuiiiin;;  nitric  acid  yield  mnnnnitrateil  derivotives, 
0,H.(NO,)  :  that  obtained  from  cinnamene  is  crystalline  ;  that  from  meta- 
einuamene  amorphous. 

Allyl-benaene,  0,n,„  =  0,,n,— on,— rn     on,,  or   nrn^Mlifl, 
formed  by  heating  bromolx>nzene  (phenyl  bromide),  O^H^Br,  and  allyl  bro- 

•  It  w<i«  formerly  •uppoiid  fhnt  clnnntnene  prepftrert  from  rinnsmic  scltl  wss 
ant  crtnrrrtrd  by  hemt  into  s  ■olid  modlflf^ntlnn,  like  ityrolrne  from  itorsx  ;  hence 
thr  two  were  reiritrdrd  Jia  Isomcrle,  not  lilentl<*tl ;  but  Uter  rewiirphr,  hnve  ^howtk 
thii)  piir*  elnnameae  from  olnnauiic  srid  U  IlkewlM  convertible  Into  solid  meta- 
olonimene. 
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mide,  CjlIjRr.  vrilh  xinr,  ImiU  at  1S50  C.  (311°  ?.)>•■ 
melting  ol  6uO  0.  (14lC»  F.)-        _ 

Pheuvlprupvlenc,  QH,— CH — CIl — f.'Il,.  iioaifrio  Willi  It,  u  vUanwl 
from  •iunaiuie  alcoliul ;  it  bijils  at  ITU^  I'.  (3U!><^  F.),  ktid  Cunua  a  ililifiiMi<> 
mi-ltiug  »t  6ti<J  C.  (150.<P  F.). 

Aoetenyl-bensene    or    Phenylacetyle  ne, 
C(H{ — L'  -  CH,  is  foruii-l  liy  U.  .■iting  bruiiMKinuaiuciio,  <',llj.("H  _  C 
Mutiijilifnuutt  okloridt!,  (.',Uj.C(.'l,.CU^  with  aiixiliulic  (H>lju>)t ;  ai»it  I.7  I 
ing  pbuuylpropiulic  aoid  to  ISO^J  C.  (_-ii>>-j  F.),  witb  wstvr  or  «ntli  liiujta: 


C.H, 


ro,«i    ^    CO,    4-    c,Hj— <-3<;H: 


HALOGEN 


filrtlipr,  together  with  ciniiAiuene,  bj  the  Mrtinn  uf  hi^at  oD  ••▼•r*)  bv4r» 
corboiM.     It  18  &u  aromatiu  liquid,  liuiliug  at   UiX^  C.  (iS4ft  F.),  aaj'  pi»- 
uipitating  sminoniaoal  silver  and  copp«r  solutions,  liki-  .il-.  tvl  n  '      T*  • 
enpjKT-cviHiKmtid,    (C,Hj),Cii^   ia  yellow  :    the  <iVc.  r 
Ag,(),  is  whitt*.     Sodium  dissolvus  in  it,  rurmiug   1 
which  tiiki-s  Are  on  oomiug  in  oontaot  with  the  nir,  .ini  iv 
oarlxinic  a<.'id  passed  into  it«  ethereal  aolntioD,  into  the  stviiun 
nylpi'iipiolio  auid. 

On  slinking  up  the  ooppor-oonipoand  with  almholic  aii 
pA'^-y.  (<'.H,.<jH)t  or  CH:^C— C,U,— (.-.H,— <.;— t:H.  Br|. . 
coiup'iiiiid,  i»oui>Tif  with  jiyn-ni',  tnelta  at  97^  C.  (SIMi.tiO  If.},  anil  1 
crvf.tnllin>'  ooiupound  with  picric  acid. 

■/  //-trnirnf,  C,„II,„  =  C,Hj— C^C— C,ll.,obt,i 

of'  "  iiu  lliu(M«liuiii-(»m|K)uud  of  acctonjllxiii 

llqiiiii  li.^vjiig  a  density  uf  0.9^  at  aiOC.  (eB.S"^  y,\  »n<l  twuiutf  atl 
2U30  C.  (393.aO-397.40  K.). 

L 

W  TliPSi*  camfmnnds  arp  fnnni-d  :  (1)  By  dirwt  eul' 

K eli'iiimta.     (-hloriuf*  and  bromine  act  on  the  aroiii  '■ 

^^L     readily  than  on  the  parafllns,  ■■8p<«clally  in   preHcncu  u( 
^^B     aa  a  carrier  of  the  chlorine  ur  hroulnc.     The  action  of 
^^^       proniot<Hl  liy  the  presence'  "f  a  unmll  qu  1    '  ' 
or  iiKilyMeniira   penlachloride,  tln'8e   I- 
their  chlorine  to  the  hydrocarhon,   wlni- ■•..    .■.-,■    -.• 
chliiriileH,  which  then  lAke  up  an  additional  quantity  of  dilorUHT, 
transfer  it  in  like  manner. 

Jo<line-<ieriviitive8  cannot  b<<  obtained  by  the  action  «f 
onnse,  ati  in  the  case  of  the  lodo-paralBni  ^'ji.  'AA).  tb-- 
duct,  if  formed,  would  be  iniwediati'ly  ■!.  I 

forniixi  at  the  same  lime.     The  reverie  n. 

by  addition  of  iodic  acid,  the  action  takirnj  I'liire  o«   r.-pri-vriiK-^l 
equation : 

BC.H,    +    21,    +     in,ll     .    iCjII^I    +    8B/>. 

(2)  By  the  artjon  of  pentaohlorltle,  pentabromlde,  or  pcntiixlkl*  ti 
phnruB  ou  the  bydrozyl-dorlraUviM  of  the  hydruoarbotis  (iilutapla  and 
hols):  t.g., 


DERIVATIVES  OF  BENZENE   AND   ITS 
HOMOLOOnE& 


tiMl 
irNtoai 
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C^^)     + 


PCI. 


cn,CT 

C'hloru- 
tuJucoc. 


4-     POCl,     +     DCT. 


(3)  By  the  decompoeition  of  anbstitutml  aromatic  acids  liy  heat ;  «.  17., 


tA  ,  Ti...  i'-iI"(;pn-diTivativ«aof  lionii'DPinay  beform<Ml  from amidobenzenn, 

linu),  and  the  ohlnronilinus,  etc.,  C,II,C'1.NH.,  for  examph^, 

>l  the  group  NU,  for  CI,  Ur,  etc.,  through  thu  m>.ylium  of  tho 

'M(T«a|iOudiiig  Jiaio-compounds  (7.  r.).     Tliis  is  a  viTy  iniiMirtaiit  roaction, 

'wrHBI'  ill  iiian.v  caxi-n  to  dptcrminu  tho  oric-ntatiou  of  thu  halogcu-atonia 

ia  Um)  di-,  tri-,  and  tutra-dcriTatireg. 


c,n.ci.co,n   = 

ChloroDenzolQ  acid. 


CO, 


+    c.n.n 

Chlorobviizcne. 


DcHttHt-iltTivalivtt. 


ChloTObeDzenei. 
tiooa  have  beea  obtained. 


-4)f  tlieao  compounds  all  the  possible  modifica- 


onoohlorobeniene,  C^HjCl,  or  PHmyl  clilnride,  prepared  by  ch lo- 
ll of  benzene,  or  by  tho  at'tiou  of  PCI,  on  phenol,  is  a  liquid  of  spo- 
grarity  1.129  at  tP,  boUing  at  1320  C,  (2ua.UO  p.),  soUdifying  at 
'—400  C,  (—400  K.). 

Biohlorobenzenea,  C,H,C1,. — In  the  formation  of  these  bodies  by 
)t  ohloriuation  of  benzene,  the  ortho-  and  para-mralifli'iitions  are  always 
•li  in  preference  to  the  meta ;  in  fact  tho  latter  ran,  for  the  most  part, 
.  ua  ubtaiued  only  by  indirect  methods,  as  by  exchange  of  the  Nil,  in  ohlnr- 
antline  for  CI  in  the  manner  above  mentioned.  The  same  observation  ap- 
plies to  the  dibromo)>enxenes. 

OrtAo-  (1  •.2). — From  benzene  and  chlorine  (together  with  1  : 4),  and 
from  orthochlorophenol.  Colorless  lii)uid,  not  solidifying  at  — li(0  C. 
(—2.20  F.).  Boiling  point  1790  C.  (354.20  F.);  specUlo  gravity  =1.3728 
atliO. 

Mtta-  (1  :  3). — From  metachloranillne,  Cj.NHj.H.CI.n,,  by  exi-hangeof 
■NH,  for  CI,  and  from  diehloraniline  (1:2:  4),  C,.NII,.CI.li".CI.H„  by  ex- 
change of  Nil,  for  U.  Liquid,  solidifying  at  — IKO  C.  (0.4°  F.},  boiling  at 
IjaP  C.  (341. UO  F.).     Specific  gravity  1.307  lit  (O. 

(1  : 4),  the  chief  product  of  t)ie  action  of  chlorine  on  benzene,  iu 
of    iodine,  forms  colorless,  monoclinio  crystals,  melts  at  S40  C. 
i.2P  F.),  boils  at  173='  C.  (343.40  jr.).     Produced  also  by  the  action  of 
Q\  on  paracblorophenol. 

Trlohlorobensenes,     C,njClj.  —  The    unti/mmrtrifal     modification 
1:2:4,  obtained  by  ohlorination  of  benzene,  by  the  action  of  PCIj  on  ili- 
'     iiol,  and  from  iH'nzene  hexchloride,  C,I{,C1„  by  alcoholic  potash, 
Moves  31K'I,  forms  colorless  crystals,  melts  at  n*-*  C.  ((j2.G0  F.), 
U.,,,  u.  -13^C.  (41.'i.40F.). 
The  tmnmeirical  modification  1:3:6  (or  2:4:6),  obtained  from  triohlor- 
114a 
koillne,  C,.NH,.CI.n.CI.n.CI,  by  exchange  of  NH,  for  H,  or  from  dichlor- 
I  1st 

^Ine,  C,.NH,.H.a.n.Cl.H,  by  exchange  of  NH,  for  C\,  melta  ot  63.40  0. 
CI46.10  F.),  boiU  at  2()SO  C.  (406.4^  F.),  sublimes  at  ordinary  tempera- 
ftnrca. 

Th«  eomteaUive  modiOoatlon  1:2:3,  from  trichloranilino   C,.NH,.(n.Cl. 
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Cl.n,,   cTvstnlliii'S    from   .ilcolinl   In   lar;;<!    p' 
(127.-lO-ia9.20  F.),  and  boils  at  318a-2190  t. 


1  M  »XMPC. 

-  .aop.). 

Tetrachlorohflnxenes,    C,H,C1,.— Cn)ivrw»«/r>"no/   CI  ."3:4: 

1 :  2  :  4  :  «),  from  tricliloraniline,    f.VNH,.n  '•'•"■  '     ' 

iK<«dles,  molts  at  .ItlO-aio  {...  (l-J-JQ-liJ.b^  V.; 

—Sgmmetrioil  (1:2:4:  5),  from  Iwuienc  witli       : 

anilino,  C,.NHj.*^'l-H.*-'l-<^'l-H,  fonus  sli-ti'liT  m-fxllcs.  m-lt*  at  Hi'- 

(278.0O-2«0.ao  F.),  boils  at  243Q-iMiiO  C.  (4C!>.4Q-474.l«5  P.)- 

(1:2:3:4),     frum    trichloraiiilini-,     C^.N'I^.CHI.Cl.H.,     or* 

n««il.«.  melts  at  4.';Q-4tjOC.  (n3Q-U4.bO  F.),  Ixiils  at  234©  L-.'(489J 

Puntaohloroboniene,  C^IICI,,  from  benzoiin  with  cMoriae,  ixll««t 
850  C,  (1650  F.),  boUa  at  27t"0  c.  (51S0  F.). 

Hoxcblorobcniene,  C,C1,  (Julin's  eiloritk  of  earbim),  If 
cblnrination  of  benieno  in  presence  of  iodine,  KliTl.    ..r  \r..«  ( 
passing  the  vapor  of  chloroform  or  carbon  dichlori'l 
hot   tube.     Long,   tliin,  oolorloas  priams ;   m.  p.   l^ 
438.80  F.)  ;  b.  p.  3320.C.  (629.CO  F.). 

Bromobenaenea. — AfonntiromobmitHtx,  '„lljHr,  friin  brlUrw^S 
bromint>,   uuil   Irom  phuuul  with   PDr^,   is   a   li>iui>l    boiling  at   lii3  C 
(30y.2O  F.),  and  having  a  den»ity  of  1.51»  at  lO, 

Dibroraobenzenes,  CjH,Br,. — Direct  bminination  of  benuaii!  (* 
aiil  uf  hi'St)  yields  chiefly  the  para-,  with  onljr  a  smaU  qaaiiUtjr  ■•  ti^ 
ortho-niml  ificit  iou. 

/hra-  (1  :  4).— Obtained  from  ben? —   t '  -    •phenol,  and  pankla<»- 

aniline,  nielU  at  i<iiOC.  (li(2.2^  F.).  .  124. -lO  F.),  »»if^kk 

a  monouitro-dcrivativo  melting  nt  t  v-         -    -■ 

Meta-  (I  :  3). — Frum  JiK-tiibrom&uilinn,  i;,,iNH,.II.Br.H^  bjr  i 
Nil,  for  Br,  and  from  dibromaniliue,  (',.NII,.Ur.ll.ltr.ll,,  bj  i 
Ml,  for  U,  ia  a  liquid,  Uiiling  at  210O  C.  (42ii.20  F.),  of  «p*ci|«  i 
1.1105  at  IS.liO  C.  (05.50  F.),  not  golidiryiug  at  — 30O  C.  ( — #3  W.)U 
two  uommitro-alerivativirg,  (',ll,(NUJUr,  one  mulling  at  0  IOC.  (\4lS 
the  other  at  82.5°  C.  (ISO.. 50  F.). 

(>r/Ao-  (1  :  2),  from  orthobmn :\:.,..    .....< 

x«ne  and  bromine.     I.i<iiiid,  sol ; 

b.  p.  223.S.OC.  (434.f?OF.);  sj.  ^      - 

Tribromobenienea,    CfH,Dr|.  — The 

1:2:4  or   1:3:4,  is  formo<l  |.">i,.. 

from  either  of  the  three  dibr 

ti'rmined  (p.  812);  also  fmra  li. 

of    alivholio    pot-iah,    which    al»tracti    311  lir,  ami 

C,.OII.Br.H.Br.ll,  (exchange  of  OH    for    »r  bv  Ui 

melts  at  44°  <".  (111,20  F.)  and  Ih 

rrtWmiNlifloation,  1:3:5,  frum  tribi 

at  119. .'lOC.  (247.10  K.),  and  Ik.iIs  at  .ii«.ui  .,^    i  .  (..  >j. '     r  .  i 

trriiiire  nin<lilii'nlt»n,  1:2:3,  fr<>m   trilirtimauUlun  (.'^.{(ttj,n.Br.I 

welUatSTOC.  (188.(PF.). 

Tatrabromobenionai,   C„n.,Br,.^f*iuviiiiiwfrwa/,   l:l]4!i, 

trill  "        1,  ('..OM.n.r    '•     ■    rt     • 

anil  ''m   tidriit'' 

"•  ..-  R).    Th..-, 

idue,  f^jfuu  oolorlesa  nevJIes  mvlliog  at  137^^14(4  C.  (I 


czdkaacirf 


in  imall  quaniitr  '- 
ro;  so. p. — lOt 

umtgmmitri^    tMilttaOmt. 

•■'  •■——!•■-  fia  booaeiM,  lal 
natKnUm  to  4r 


PPr,)     », 


I II" 


CBLOROTO LUENES  . 


825 


Penliibromobentone,  C,IlBrj,  olitalned  hy  the  bromination  of  bon- 
Ktai-,  fiimu  colorl«s»  uuedlcs,  subliming  withoat  decomposition,  luttlting  At 
Aboat  HU^  C.  (4640  F.)- 

M«xbrom<>benxenv,  C,Br,,  is  formed  by  the  action  of  brnmint-  on 
lintcra«  In  suiishint*.  or  by  lientiu^  bt-iizono  with  bromine  uoutainiug 
iialine  ;  also  from  tetra]>rnmethano,  CBr,,  in  amnll  quanlily  )iy  ilistilla- 
Uim,  in  larger  quantity  by  healing  to  30(.«u4<xiO  C.  (572C-7r)26  F.)  iu  B 
•wtlt^  tulM'.  R<*sembleg  hexctiiorobenzene  ;  melts  at  a  temiierature  alKivu 
3«)(iC  C.  (07J=>  v.). 

It  will  \m)  8etfa  from  the  abore  tliat  all  the  bromobenzeuug  are  known  ex- 
it oousecutive  tetrabromobenzene. 

lodobensenes  are  obtain ihI  br  heating  lienznnn  with  iodine  and 
Iodic  ».i.l  I..  2iH)0_:Mt)0  C.  (392Q-4<>40  F.)  ;  by  tlie  notion  of  i<xline  and 
fit  Mil  phoDol :  by  treating  silver  benxoate  with  iotinu  clihiriile  ; 

•  '  line  and  the  iodauilini^,  similarly  to  the  ehUirine  eominjumls. 

I  ,  . .  ;  ji  a  colorless  liquid,  boiling  at  18flO  C.  (305O  F.):  uptHilfio  gravity 
l.i::>- 

(•,11,1,.— /b™.    Laminae;    m.  p.    1270   C.    (260.00  F.),    b.p.   277^   C. 

i&3<>.iK3  F.). — .l/i'Ai.  Large  shining  laminn  resembling  naphthalene  ;  m.  p. 
0.4O  C.  (lfi4.7S'  F.):  b.  p.  aM.7'i  C.  (544.50  F.). 

C,II,I,.  Nevllos  melting  at  7(P  C.  (168.80  F.),  and  Tolatilizing  without 
decomposition. 

Fltiobensene,  C,n^F,  obtained  by  heating  oalcinm  flaobcuzoate 
with  hlokul  lime,  is  a  scaly  crystalline  mass,  melting  at  4t'0  C.  (1040  F.); 
tioilM  at  18l»a-ls30  C.  (356Q-;3(}1.40  F.). 

Toluene  derivatives, 

Theso  wirapunnrl",  as  already  observed,  exhibit  motamerie  modifications, 
arnirdiug  »s  the  rfjil.iwmonl  of  hydroj;en  atoms  t.ikes  ]ilnee  in  the  princi- 
pal or  the  hiteriil  chain  ;  and  isomeric  modifications  dctermiueil  by  the 
orientation  of  tho  ^jsubstituted  radicles  iu  the  benxene-riug  or  principal 
chain  (p.  813). 

Chlorotolaanes. — Of  monoohlorinated  tolaonea  thero  are  two 
motanusrio  UiodiOcuUoiis,  viz.: — 


C.H.Cl.CH, 
Chlorotoluenc. 


Beozyl  chloride. 


tb"  iir-t  |.n"iiiced  by  the  action  of  chlorine  on  toluene  at  ordinary  tempers- 
tartM  or  iu  prusencu  of  iixlinei  the  sec<oud  by  the  action  of  ohluriuu  on 
boilini:  bilnene. 

dklarololuene  or'  Tolgl    Chloride,  C,H«<Q;,  ',  admits  of  throe 

iftc*n»rte  modiflcntlona,  according  to  tb«  relative  positions  of  the  chlorine 
«>d  the  mi^thrl-irriiaii. — Hirachlorololume,  C,.C'Hj.U.H.Cl.H,,  the  chief  pro- 
d'l       '  Im' actiiiii  nf  chlorine  on  toluene  at  ordinary  teniper.itures, 

b  >  jng  at  (lO,  melting  at  6.50  C.  (43.70  F.),  and  Ixiiling  at 

liii-  .  .  \  .J  -  1  .>.  By  oxidation  with  nitric  acid,  or  with  chromic  acid 
mixture,  it  is  oonverlod  into  parachlorobenzoio  acid  : 

C,n,Cl.CH,    -f     0,    =     C,1I,C1.C0,H     -f-     H,0. 

OrthoMomtiJaene,  C,.CH,.C1.H„  produced  in  small  qnantlty,  together 
with  the  para-oompound,  is  a  lltiuid,  boiling  at  l&tio  C.  (312.8P  V.'^,«u\ 
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ona>pl«U<l7  deoompoaeil  brjr  chit>tuic  add,  wiUMOt  tanaMko  «f  •  < 

par  1  NU,  far  U,  and  a» 


tbe  M 
'  ,IL.C1U>U,  b  •  tbaM 

Tip  c.  <s«w^  r.).  fc 


Btntyl  rkloriJt,  CMyCH^,  obtained  bjr  tbe  action  of  ellloriB*  « 

bofllni;  Uiluvnrt,  and  of  Pt'lj  on  benzTl   -i--'-"i 

which  gives  off  t^-Br-cxciting  Tapors,  au'. 

vuily  exnhjiDgcs  iU  chlorine>-atoin  by  <i>  "tmpaaitlaa,  hei^g  oo- 

vt^riwl   into  aMoXAXn,  cyanide,  etc.,  by  trviiuncnt  with   lUo  oonaapootU^ 

IMitait^iutn  aallK.     It  yields  benzoic  acid  by  oaidallon,  aud  i*  r<iar<rl«d  tf 

boating  n  Ith  wat<?r  and  lead  nitrat<^  into  beuaaiilvliyli.-  (UiU«r  altaand  «fl). 


Of  dichlorulolmtHe,  C,H,C'l,,  there  are  three  metam-- 


c,H3a,.cii, 

Dlcnloro  toluene. 


c,H,a.cu,ci 

Ohlorobeatyl  eblortde. 


Beiuiu  • 


The  firat  admits  of  six  isomeric  modiOiialions,  but  only  one  (a  kngmi,  rfc, 

1  3   4 

C(.C'H,.H.CI.C1.II,.  which  in  a  liquid,  boiling  at  19<90  C.  (384.80  F.),  (mhI 

by    chluriuntion  of  toluem-. — Chlar-' ■■'  -'' '-    nii..-'"    ••r    ikrw«   Iw- 

m«riii«6,  one  of  which  ia  a  liquid  !•■  '  j.-|Q— UT-JT- 

F.). — /Jonziil  chloride  (nUo  ealli-d  i 'i  .      "s  actliiD  J 

chh>riiie  on  Imiling  tolunm-,  ainl  from  benxaidrbviln  (bittrr  almond 
PCI,.     Liqnid  having  a  pungent  odor ;  sp.  gr.  \.-i'JL  at  liN'  C.  CBO.^ 
boiU  at  2UIIO  c.  (4l>2.i<>  V.)  ;  converted  Inlv  beiualdehydo  by  haati:^  nJk 
wau-r  lo  a(P  C.  (tibO  1'.). 


TriekloTololuenf,  C,H,C1, : 


C,H,CI,CH, 
e  uomeridoi. 


c,H,ci,.cn,CT 

0  laumerldei. 


c,h,ct.cik;i, 

S  laomvridefl. 


C.It..Cl, 


Trichlorotohiene,  C,n,Cl,.CH„  obtain.xl  liy  clil 
colurlitas  crygtaU,  melta  at  70'  C.  (ItiN.So'K.), 

1  i    * 

—Dieftlorobgmi/I  Morute,  C,.(CU,CT).D.CI.CI.11„  U  a  ti<iuld  botlinx  •' 

1  « 


r.). 


C.  (465.8°  F.). — atlitn^rnzul  rhlnri.lf   (/«ni),    I 

boiU 


(i»arii),   I 
at  2340  C.  (4.',.3.2C  ¥.).—n,n,nlncMnrJr,  C'.lti.i 


loyl    phlori.te,    C.U-.COCl,    with     I'Cb,    bolla    ai     ^i  .--.;n^    i 
417.2"  K.). 

l)f  tlir  liighur  chlorotoluviiM,  dome  arc  liqnid.  Kymn  lolid,  at 
ti'inpiTaturcH.     Tli<<  mi'lliii^  .iml  boiling  points  of  iho  known  i 
are  given  in  the  following  tablu: 


Ttlraehloretoluene,  C,H,Clj; 

Cli, 

"  F.) 

•  -"  1'.).  c.ins.i'-  r.) 

PtHinrlilnrotolueHti,  C^njCl,: 


a.p.oi-S'  ' 
b.ii.3;i 


c,n.ri,.rri,n 

U<i  h.  p.  J7J» 


'P." 


r,iin,.cH,ri 

(U^.  b.  |l,  380^  (!. 


p.*i- 1. 1  '..i.B-'r.). 
Ufirhlor<itolutnt$,  C,n.n. 


li'i 


•1, 

M9 


C.  (4J0'^ -»:.•■>  Jf ). 


Hit  Ik  p  *■ 


c,ci,.ciLn 

W.P.IC»»U.  lar  jV 


,»t«*r.)ibn. 


I, 

J  1*0. 
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'*ft*ekloTotoliif«tt,  C^HClf  : 

n.ci^.cnci, 

1^  O.  (ng^o  F.)  J  b.  p. 

9*0  c.  (oaaa''  F.|. 

an  att«n])t  in  made  to  replace  the  last  liydrogen-stom  in  tolnene  hj 
liiie,  the  uioleeale  splits  op,  and  pvroUlorobeuzKUu  is  pruducvd. 


m.p. 


109^ 
39*°  C. 


c.nci..ca 

m.  p.  104°  C.  (ilO-S*  F.)  i  b.  p. 


romotolnanea.  —  Mono-,  C,H,Br  =  C,H,Br.CH,. — The  ortho- 
para-UKKlilioatious  are  formed  br  tliu  notion  of  bromiuu  on  toluidint* ; 
all  thf  lliri'i..  modificatious  from  the  cornwixiuding  aniidoUilucni-n  (tol- 
Dfi)  by  huatiiig  the  diuzoperbroniidtn)  with  alcohol  (see  DiAZo-coil- 
I08). 

OrtJto-    Colorless  liquid  :  sp.  gr.  1.401  at  180  c.  (64.40  F.)  ;  i,.  p. 

1S2Q-1S30  C.  (351i.(iQ-361.4'^  V.). 
ittta-    ColorlMu  liquid  ;  sp.  gr.  1.4m)y  at  21o  C.  ((I9.80  p.)  ;  b.  p. 

1840  C.  (3(i3.2PF.). 
Colorle&s  cryataU ;  ui.  p.  28.50  C.  (83.30  F.)  ;  b.  p.  18,10  C. 

(3tf50  F.>. 


',  C,Hj.CH,Br,  obtained  by  bromination  of  toluene  at  the 
Bg  h<uit,  and  by  the  action  of  hydrobrouiic  acid  on  Ixiniyl  alcohol,  ia 
■Bid  whicli  givim  olf  a  tuar-exoiting  vajwr,  hag  a  8p.  gr,  of  1.4.38  at 
C.  (71.U^  v.),  and  boiU  at  201O  C.  (393.8°  F.). 

iKroiiiolo/u<ne,  C,H,nr,.Cri,,  admitii  of  six  isomorio  modifications, 
li  are  known.  r,.CHj.Ur.H.Br.l!,  (1  :  2  :  4),  obliiiiiwl  by  direct 
II  of  toluene,  cryjstalliieg  in  needles  ;  uiolta  at  Ul"'^l()80  (;. 
i.«-^_-t).-P  K.J  ;  l«>iU  at  245^  C.  (4730  F.).  C,.l"ll,.II.Br.Br.!l,  (I  : 
),  forniwl  liy  the  action  of  bromine  in  jiresenpe  of  iiHliue,  uiid  in  sun- 
le,  i»  »  liquid  Iwiling  at  340O  (j.  (4(i40  F.).  The  other  four  mrxliflca- 
B,  whose  boiling  poiuta  lie  between  2370and  24tP  C,  (458.00-474. 80  F.), 

liquid  and  two  solid  (m.p.  42.5"  and  GtfJ  C.  (10H.5Q-141IO  F.),  are 
Jned  from  bromotoluidinua,  through  the  medium  of  the  diazo-oom- 
ruU. 

\tnznl  bromide,  C,n5.CITBr„  formed  by  treating  bitter  almond  oil  with 
I^U  a  liquid  which  decomjKisee    when  distilled. 

Bnotodotolnenea,  C,HJ.CH,. — The  orfAo-  and  mrta-modifl- 
Mia  are  colorless  liqiiiils.  the  former  boiling  at  205O  C.  (401O  F.),  the 
er  at  207O  C.  (404.00  F.).  Ihra-ioilololurne  crvstallizes  in  shining 
ina  ;  meltn  at  350r.  (ItSO  F.)  ;  l)oils  at  2110  C.  (411.8°  I-'.).  Alt  three 
I  by  oxidation  the  corresponding  iodolienioio  ai^ids. 

tmiift  Miilr,  r,H,.f'H.I,  formed  from  the  chloride  by  the  action  of  hy- 
iilic  acid,  melts  at  240  C.  (75. 20  F.),  and  deoomposes  when  suliliniid'. 


r 


Dtrivatirrs  of  the    Ilydrocarhoni ,  C,tl,,. 


Itbylbromobenaene,  C,H,Br.C,H,,  formed  by  the  action  of  bromine 
>thyl-t>eni<-ne  at  ordiuarr  temperatures,  ia  a  colorless  liquid,  boiling 
I90O  0.  (3740  Y.).—nro'm<-thyl-hrnzene,  C.nj.rHBr.CH,  (or  C,H,.CH,. 
Br),  and  the  corrpSj»on<ling  rhlnritif^  fomu'^l  by  the  aetion  4if  bromine 
blorino  with  aid  of  heat,  are  liquids  which  decom|xise  when  distilUxl. 
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The  chloride,  boiled  with  potassium  cyanide  uid  aloohol,  is  eonvprtM  inM 
the  uorr(«p«iudiiig  cyanide,  C,Hj.CU,.C'U,(CN),  a  oolorleas  liquid,  boilii 
at  201O  C.  (501.80  p.),  havijig  a  sp.  gr.  of  l.WiU  at  180  C.  (64.4P  V.),  t 
forming  the  chief  cuustituenl  of  oil  of  water-cress. 

Metaxylyl  Chloride,  ^t^i^^^n  •  obtained  by  the  action  of  ehk 
rine  on  boiling  metasylenc,  is  a  colorless  liquid,  boiling  at  lilSO  C.  (3 
F.). 

Monobromometaxylene,  C|.nr.CH,.H.CU,.n„  from  metaxylen?  l_ 
bromine,  Uiils  at  2(H'J-'.J(I50  c.  (3!li).2Q-401o  F.).— .An  isomeric  coiujiouii 
(1:3:  5),  formed  by  the  action  of  nitrous  acid  and  aliohol  on  bromnr 
taxylidine,  is  a  liquid  boiling  at  2040  C.  (399.20  F.),  not  solidifying  at  3 
C.  (683  F.),  and  having  a  sp.  gr.  of  1.362  at  -JUP. 

Dlbromometajcylene,  C,H,Br,(CH,)^  from  metaxylene  and  bromin 
forms  ixilurli'MS  shiniu)!  irvstalliiie  stales,  m.  p.  72-'  C.  (llILtP  P.),  b.  ] 
250O  C.  (4!l2.b-'  F.J.     tiitTubromomcUurylrm,  CeBr,(CH,),.  forms  long  tXesAn 
noodles,  slightly  soluble  in  aloohol,  molting  at  2410  C.  (465.80  p.). 

Bromoparazylene,  C,iI,Br(CH]),,  forms  colorless  shining  taMi«tj 
melts  at  ll'J  C.  (;)l>0  1'.);  boils  at  2tnlO  C.  (302O  F.).  Oihromnimajfl^^ 
melts  at  72^^  C.  (161. U'^  F.),  and  resembles  the  meta-oompoundi  in  ill' 
other  respects. 

ToUylene  chloride,  C,n,(rH,CI)„  and   ToUylene  bromide, 

C,ll,(L'H,Br)„  fonur-d   by   the  action  of  chlorine  or   bromine  on  l><iliil(, 
paraxylwnc,  crystallizes  in  colorless  laminie.     The  chloride  melts  «t  IW'J 
and    boils,  with   partial  deoomposition,  nt  240O-2.'i0>J  C.  (4(V4Cl_4S2- P.)* 
the  bromide  melts  at   1450-147°  C.  (2930-2H6.60  F.).     Both  compeoBils, 
when  treated  with  potassium  cyanide  in  aloohoUu  solution,  yield  toll;- 
lene  cyanide,  C,U,(CH,.CN)^ 


CTABOOBI-DBarVATITSB. 

Cyanobenzene,  r,Hj.CN  (/JenionitnV,  nrnyl  Cyanide'),  is  fonne_  - — 
the  nitrils  of  the  fatty  group  (p.  537),  by  dehydration  of  ammonium  1«B- 
lonle,  CjHjOj.NH,,  and  by  distilling  the  potassium  salt  of  bemenanl- 
phonic  acid  with  potassium  cyanide  (or  the  dry  fcrrocyaaide)  : 

r.Hj.SO.K    +     KCN    =    BO,K,    +    C.HiCN ; 

also  by  heating  phenyl  isocyanide  with  metallic  copper,  and  by  other  w- 
aotions.  It  is  an  oilv  liquid,  smelling  like  bitter  almond  oil,  having  » 
density  of  1.023  at  o6,  a„d  Ixiiling  at  1910  C.  (375.80  F.).  It  unites  witk 
the  hnloKcn-eleineiits.  the  halo'id  acids,  and  hydrogen. 

Substituted   benzonitrils  are  obtained  by  dehydration    of  sniwtitat 
beniamidea,  e.  ij.,  C,H,Br.CN,  by  the  action  of  phosphoric  anhydride  «» 
brorool>eniamide,  GjIIjBr.CONH,. 

Phenyl   Isocyanlde  or  Fhenyl-carbamlne,  T^TJ — C.Hj,  Isomerin 
with  benzonilril,  is  formed  by  distilling  nniline  with  chlorofonn       "    " 
holio  potash  : 

C,Ui.NH,    4-     CHCI,    =    311C1     +     C,H,— NsC, 


MITB0BENZKNE8. 
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•  »  liquid  having  a  Btrong  gmell  of  prnssio  acid,  and  boiling,  with  par- 
deoomposition,  at  161o  C.  (332.60  K.).  Jt  ig  tlicliroic;  lilun  byre- 
ted,  gT«t!n  by  transmitted  liglit.  It  ii  not  altt>reil  l>,y  alkalies,  hut  ai-ids 
Tcrt  it  tutu  aniline  and  formic  acid.  Ucaled  tu  2MO  C.  (392<^  F.)  it 
iBgM  to  benxouitril. 

^yanotolaena,  C,H,(CN).CH,.  Tolunnitril. — The  three  isomeric  modi- 
Uuu8  vi  tins  couiiKJund  are  furmed  \>y  treating  the  reajwclivo  tolyl-sul- 

..  o   nu   I  *'^''  fluely  divided  copper,  which  removes 

•olphur,  or  hy  diAtilling  the  pota«iiium  saltd  of  the  oorreapunding 
lenedulphonic  acids  with  potaasium  cyanide : 

in. — ColorlMK  liquid,  smelling  like  nitrol>euzene,  boiling  nt  2030-2040 
(397.SO-aW.V>  v.).  hira. — tolorlenii  n.-e<lK«,  nu-lting  iit  28.5°  C. 
JO  K.);  boiiing  at  2180  C.  (424^  F.).  J/e/a.— Not  yet  obtained  in  the 
■  state. 

mnrnjl  Cyanide,  C,llj.CH,.CN,  couatitutea  the  principal  part  of  the 

■■'t  of  tli»*  garden  nasturtium  (  TrnfHt'tum  tmij'us),  an<l  i>f  the  garden 
>/i'u»i  talirain),  and   id  priHlucuil  nrtitivially   br   heating  l>enxyl 
I  iih  alivhol  and  potasaium  cyanide.     (.'4<lorleH»  liquid  lx>iUng  at 
{,*t»,eP  If.);  specific  gravity  l.U14(i  at  lip  C.  (li4.4P  F.). 


NrrRO-DBRlVATIVES. 

lie*  are  easily  formed  by  the  action  of  concentrated  or  fuming 

[  on  benzene  and  its  honiologuea,  tlie  sulmtitutiou  of  the  NO,- 

^fnr  hydrogen   taking  place  in  the  beniene-nucleus,  never  in  the 
1  ohaina  ;  e.  g.. 


+   ii.o. 


C.Hj.CH,    -f    NO.H    a    C,H^(NO,).CII, 

iring  the  product  into  water,  the  nitru-co3rtj>ouud  Kcpirates  out, 
HBlljr  in  the  form  of  a  thick  yellow  or  orange-colored  oil.  The  more 
lljr  nitrated  derivatives  are  mr*st  easily  obtained  by  tlie  action  of  a 
loru  of  1  part  of  strong  nitric  acid  and  2  parts  of  strung  sulphuric  aiMd. 
h»  aromatic  nitro-CK>mpounda  are  mostly  of  a  yellow  color  ;  a  few  are 
.id,  the  rest  crystalline  solids.  By  hydrogen  sulphiile  or  ammeiiiuin 
ibide,  and  bystaunons  chloride,  they  are  rtnluccdto  amido-oonipouiids  ; 
odiom-amalgnm,  or  by  heating  with  alcoholic  [Kita-Hli,  toazo-comixninds. 
f  may  al.io  be  converted  into  amidu-coiupouuds  by  heating  with  hydri- 


t 


C,H..NO,    + 
Ttitrobenzenc. 


CHI 


C.H,NH,    -f     2n,0    + 
Aniline. 


31.. 


Er  obensenea. — Mononitrobenxeno,  C,Bk(NO,), formed bj- 
Itially  adding  benzene  to  strong  nitric  acid  in  a  cooled  vessel,  is  a  light 
ow  liqaid,  having  an  aromatic  odor,  (toiling  at  2200  c.  (4280  F.), 
MHjring  at  -}-  30  C.  (37.40  F.).     Sp.  gr.  1.20  at  OO. 

itrobenzenes,  (',U,(NO,),. — The  three  modifioaliona  are  formed 
by  dropping  benieuo  into  a  mixture  of  2  vol*,  strong  sulphuric 
70 
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■ad  1  *«L  ««r7  tnmg  nitric  Mid  ;  ami  oa  cr]ralalliiiaK  tba 
aleohol.  lb*  ncte-caa^oond,  vhidi  eawtitnlM  ky  b*  IL«  larjigal  ] 
■HiirilM  oat,  vIkUe  tka  oUmt  tvo  renuua  in  aalatiaD. 


Tlie  arrts-ooapoaad,  whidl  fanai  the  wn«l1— t  purtiaD  of  the  |«abH^ 
errsUUiMa  (raa  bat  vmtcr  ia  Ung  ncodles,  BMltLiic  at  11«0  C.  (£U^ 
F.).  wdoMe  in  36  pwta  of  ■loabol  at  240  C  (7»JO  F.),  and  Ift  3  |aM«l 
boiling  aiouboL. 

Tfa«  iMto-ooaipoi! '  -r  diaitiobcnsriM),  fcnaa  long  rlMOikle  pHaa 

melting  »t  8».i^  (  .    t .),  aolaUe  in  17  partt  oT  aloetet  at  M^  C 

(75.2C  p.),  uid  in  ail  prciporUons  of  boili^  aleelwL. 

The  jjara-oampaDiid  fonna  &ii-«liap«d  grea[«of  »"'««'>«' Intf  t>rl«aa.  arf^ 
lag  at  171Q-1 723  C.  (339.8a-M7.aO  r.),  sparingljr  aoloble  ia  i  ' 

TriDitrobeniene .  '  •4M4a§ 

woo  with  a  luixtarv  of  :  <  iu>  ' 

arid  in  sealed  tnbRt,  Uj  I  v 
alcohol  in  white  laininc  ur  f<  : 
V£S^  C.  (i49.5O-2SI.0O  F.),  i 
hut  alcohol  and  ether. 


•♦'-Jijgta 


mtro-baloid  Derivatives  of  Benxene. — I'hn  a<  < 
or  a  ini.vlureof  nitric   and  sulphuric  ai°i'if<,  "tt   lli"  ''I 
ln<l»-h«uu-nes,  girc^   risi?  to  pan-  *nd   ortho-mon"i 
haloid  coaipoaodii,  the   farmer  Niini:  *|w\V!<  prnii 
anw.     Thn  samo  products  ari- . 
C,H,.NO,.Nll„  l>v  exchange  •■! 
of  till-  diai<x«imi«unda.    Tin- 
from    lui-tiinitranilinH ;    lui-tnh 
into  iiilr<'l>fuiiiii' inixe<i  wllli  •■    ■  ^. 

The  following  are  the  rorlling  and  bniluig  ]>oint>  of  the  taooieric  I 
nitro-,  ohloro-,  broino-,  and  iodo-beuivnea,  C|il,X(NO^: 

Melt  lag  PoluU. 

0  :  «)                                (1 :  »)  (1  :  «l 

CH,C1(N0,)    32.6°  C.  (  90.50  K.)  44.40  c.(lll.f»  p.)  Sno  c.  (181 

q,H,Br{NO,)  41.r)0  0.(100.70  P.)  880  r.  (132. HO  p.)  1260(?.(  — 

c;u,i(Ni»j    48.40C.  (i3o.»oK.)  atp  c.  (  n.fp  F.)  1710  C.  ( 

BolMos  PolBla. 

(I    51  ft -at  .  I     (. 

C,I1,C1(M),;     1:430  (•.(4,;i).4C  1 
(;,H,Hr(NO,)  2«l-'C.(6lil.80i. 

<;,ll,l(NO,)  J..-^'--,   .      y.,M,-    ,., 

Tliwe  number!  show  thatUie  para-derivalivm  bavetl' 
pointo,  and  the  orthnnlerirKtlveM  fur  the  moet  part  tli- 
tionp  Ix'twwh  tin-  tnilinK  iM>int«  arw  bsm  r>*i;ular.     Tli" 
oiiiii|Kiiin(U,  h'-nli-d  in  acalnl  tulMw  willi    ai|UH(iiiii    iMitAiili,  iu« 
Into  the  oorraspondlng  pliunnU,  r,tl,<.'I.OII,  vie.,  whereM  Out 
pouudj  do  not  Kxhibit  thi«  Iranxrorttiation. 


.Vifr, 
p,., 


lli. 


hlorn.  and 
— Th****  •'■■ 
»a  in  lb«  (' 


.Vim 


'  I'rT'ttallinw,  and  mrU  at  iha  f 
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C,H,C1,(N0,) 

i  :  2  :  4»  .  .  32.2°  C.  (  90.00  F.) 

1:2:5    .  .  55.00  c.  (ISl.iiO  F.) 

1:3:5    .  .  65.40  C.  (149.70  K.) 

1:3:4    .  .  43.(P  0.  (109.4O  F.) 


C,H,Br,(NO,) 


1:2:4    .  .     61.60  c.  (142.90  F.) 

1:2:5    .  .     85.40  C.  (185.70  K.) 

1:3:5    .  .  1(V4.50  c.  (220.10  K.) 

1:3:4.  .     68.60  c.  (137.50  F.) 

1:2:6    .  .     82.60  C.  (180.7°  F.) 

i>ttti(raeik/oro6c)izeiie,C,.Cl.NO,.ll.N<),.H„  furmwi  liy  treating  either 
(I  :  2)  or  (1  :  4)  chlorobeuzoue  with  a  uiixtiiro  u(  nitric  aud  xulpliDrio 
acidii,  iLnd  frum  the  curre^pundiiig  diuitrupht'uul,  C,H,(NO,),.UII,  by  the 
•ctiou  of  Pt'lj,  crystAlliZHS  in  prisma  meltiug  at  53.40  c.  (128.10  F.). 
C^Cl.Il.MOj.NU,.!!,,  formed  in  like  manner  from  (1  :  'i)  uitruchlurolH-n- 
s<>nc,  exhibits  dimnrphuus  nuxiifluatious  haviuj;  dilTerent  melting  points — 
36.3Q-3S.SO  c.  (97.30-101.8^  F.). 

l^inilrobromohenzene  ,  C,H,Br(NO,),,  is  known  in  two  mudiQcntious 
■liAlugoiu  to  the  chlorini>-iiompouudii  Just  described,  and  obtiti)ie<l  in  likt) 
iBUiner.  Both  are  crvslallini" ;  (1:2:  4)  melts  at  75  S'-^  C.  (167.50  F.); 
(1  :  3  :  4)  at  59.40  C.  (138.yo  F.). 

Diiiilroiodohcniene,  C,.I.NOj.H.Nf>j.H„  from  para-  and  ortho-iodo- 
nitroiwDZone  with  nitrusulphuriu  acid,  forms  large  yellow,  transparent 
pUtca  or  prisms,  melting  at  88.riO  C.  (19(1. !10  F.). 

Another  miidilioatiou,  C,.I.NO,.H.H.ll.NU,,  fonned  simultaneously  with 
th«  liut,  crystallizes  in  transparent  urauge-eolored  rhombic  tables,  melting 
M  118.70  C.  (236.70  F.). 

Triaitroeh I o  rohttmene,  C,.Cl.NO,.H.NO,H.NO,(fi(Tv?r7i/orii/e),  fW)m 
picric    acid,  C,ll,(X<),),. OH,  with  Ptij,  forma    needles    melting  at   830  C. 
I  (lsl.40  F.J,  and,  like  picric  acid,  formji  crystalline  compounds  with  many 
lijrdroc&rboas. 

I  WitTOtoItiene*. — ftrn-  and  orlhonilrololumf,  C,n,(NO.).CH„  aro 
I  fcnui^i  by  treating  toluene  with  fuming  nitric  acid,  and  may  be  separated 
I  by  (rautional  distillation.  The  former  crystallizes  in  nearly  colorless 
'  prisma,  melts  at  540  C.  (129.20  F.),  anil  lK>ilsal  -SMIO  c.  (456.l<o  F.).  The 
Utter  is  a  yellowish  liquid  boiling  at  2220-2230  C.  (437.6Q-433.40  F.). 

tfetanittvulutne,  obtained  by  the  action  of  nitrous  acid  and  alcohol  on 
!  metanitroparatoluidine,    C,.ClJ(.H.NO,.NII,.II„    is    crvstalline,    melts    at 
160  C.  (60.SO  F.),  and-boils  at  230Q-231O  C.  (4400-447.80  F.). 

Dinitrotol  m>ne,  C,.CHj.NO..H.NO,.n,,  formed  by  treating  toluene, 
or  OTtho-or  para-nitrotoluenc  with  nitro-sulphuric  acid,  crystallizes  in  long 
oolorlosa  needles,  melting  at  70..''>0  c.  (159, 70  F.).  Another  modtflcation, 
obtainwl  in  like  manner  from  metaaitrotaluene,  melts  at  60O  C.  (14oO  F.). 

Trinitrotoluene,  C,H,(NO,)j.CITj,  obtained  by  prolonged  heating 
'  of  a  solution  of  toluene  In  nitrnsuliihiirio  acid,  forms  nearly  colorless 
'  newilles,  slightly  soluble  in  alcniiol,  melting  at  820  C.  (179. 60  F.). 

iHitro-etbyl-bensenea,  C,H,(NO.,) — 0,115  (orilio-  and  para-),  ore  formed 
■flfa^nltaneuusl V  by  the  action  of  fuming  nitric  aoid  on  ntli.yl-lH'nzene.  lioth 
|B liquid.  thJ  former  boiling  at  2J70-22SO  C.  (440.6O-442.4O  F.),  the  lat- 
vtS  at  24.'>Q-24i!0  C.  (4730l474.8O  F.).     With  tin  and  hydrochloric  acid, 

Uwy  yield  liquid  bases,  one  of  whi -h,  viz.,  /MrnmiJti-r'ihiillieHzrne,  C',1I,(NH,). 

~'>ti„  is  also  priHlucud  by  heating  the  hydrochloride  of  ethylauiliuc  to3UlA- 
'  C.  (572CMJ260  F.). 

*  N0|  Id  the  position  1,  In  all  the  formulak 
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ITItToparaxylene.  C.ll,(NO,)(Cn,)„  l»  »  p»l<»  yellow  llqi 


n.l  .1m 


Dot  soUiJify  taL 

j/'tion  of  fhisll^  I 


bolls  at  ■£H'^'JMO  i  ■ 

iiig  mixxuro. — />"<• 

this  compouml  ar<     i 

»oi<l  oil  jiaraxvli'iif,  llio  l«Mi  solubU'  iii  ali-..liul   . 

tUin  n«M<Hes  raiilting  ill  VJ;3.:fi  C.  (254.30  V.),  wl 

more  itiiliiJile  in  ftjcohol,  fwiua  Urge  luunocliiiio  crv 

(19tt.40  K.). 

TriuilruiHiraiglme,  C«H(NO,),(CHj)„  forms  long, 
ing  at  1370  C.  (278. IP  F.),  uiuderatcl/  soluble  in  but,  (pariagl/  ta 
•l<x>)io1. 


'<..l<>rU  t.«<  It.^^ie 


form*   Tif-irlr  rolori»«t 


Nllrome»ltylene,   CH,(NO,)<rn,) 

<5iuiily  »olul>lu   in  alcohol,  lurltt   n' 
(4".»10  K.). — OinitrnmrMil<,U<tr,  C,ll<  ." 
neolUf,  mi'Uing  at  h<50(".  (lSrt.!»3  l-.j.      /   .», 
NotylUt^i  very  slightly  soluble  iu  alvobol,  ouil: 

Nitropseudocamene,  <",n|,(NO,),  rnmis  long  nw  I 
iu  hot  ttlwhol.  lu.-IU  at  710  •.'.  (Ijy.J*  K.),  toils  at  'i'. 
Tntulro/newJocumate,  C,U,(NO^,.       ColorleM,  ({UailnUlu  pr 
ISa-i  C.  (3ti.VO). 


AMIDO-D£RIVATIVC8. 


Thti  replaopmeut  of  hydrogen  by  NH,  in  tbo  hydmearbona 

with  bonxi-npi,  ifivi'S  risir  to  two  »«>ri<f»  of  motamcrlc  t'otup 
to  the  haloi<t  nml  uitM-Uia-ivativna  above  cioacrl Uii ;  iJi 
C,Hj.CU„  are  d.srivvit : 


C,H,.r!I,(NH,)j 

BvnxjUmtas. 


Xjlrlaalo*. 


C,H.(NH).CH, 
Toluldloe. 

and  from  zyleuv,  C»H,(rH^),: 

C,H,(.NMI,).(CHJ, 
XylldlD*. 

These  comnoumls  are  all  of  basiif!  oharAOt<«r  ;  but  tlin«r  in 
U  situaloi)  In  thu  Intur.tl  di.iinti  ar<<  rtmnpT  ba>m  <' 
onnlaiuiui:  this  croup  in  tlio  prinoipal  chnln.  and 

pr..)      •  ■  •■     ■  ■       '   ' 

th 

dcr.       . 

formnd, 

N{<",Il.i. 

form    I  'r    I  ^  .  ii  ■  ,  i;:  ,:  :  ,,.^   tirnmidi',  or  !• 

hniM.-'"_ii.  -    ..■!    •!,.■     ..i,,T  li.itrl, 

du. 

ph. 

•vr 


rhtnU  I 


HTV  pn- 


c;n,.No,  +   3H^ 


r.H.Nn,    +     SH.n    +     38. 


ANILINI. 
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kp]>Uo*tion  of  this  method  to  di-  uid  tri-nUitMmmpoands,  onljr  one 
rxiu|i  in  rcalucod  In  the  first  in«taiiv(%  80  tliat   uitro-amido    com- 

nad*  an  obtained,  auch  Xi  ^'t'^«<v^vii'  ■ 

L  By  Out  action  of  lioc  or  tin  and  liydrouhlorio  add,  or  of  iion  BlingB 
I  acelio  arid.  In  Ihoso  caaos,  tfao  nxluctiou  may  bo  gupposc<l  to  be 
letad  hy  uancvnt  hydrogen : 

C.n^.NO,    +     30,     =x     C.H^.NII,     +     2n,0: 


itf  iron  mill  acotic  ncid,  nUo  through  the  intcrveution  of  the 
Fsalt  formed  in  tlit;  Qrst  iustaucu  : 


[:,H5,N0,    4-     6FoO     -I-     H,0     =     C.IIi.Nir,    4-     3Pefi,, 


HVlliat  of  tin  and  hydrochloric  acid,  through  the  iutorrentiun  of  atan- 
J8  chJririile  : 

lO^NO,    +    3Sn    +     6IIC1    =    C.Hj.NIl,    +     3SnCl,    +    2H,0 

I 

I,.SO,    +     3SnCl,    4-    CnCl    =    C.Hj.Nn,    +    3SnCl,    4-    211,0. 

rtfeel  this  last  reaction,  the  nitro-coinpnund  is  dronclnxl  with  fuming 
irof-hlnric  acid,  and  the  oAluulnted  qaanlity  of  granulatett  tin  is  gradu- 
r  adrii-d.  The  aolinn  usually  begiuH  after  a  while,  without  npplioatinn 
lieat,  the  tin  and  (he  nitr<>-cv>in|x>und  dissolving.  From  the  wnrm  aulu- 
u,  which  conlftins  ii  doulile  salt,  con.sistin);  of  the  hydrochloride  of  the 

■•"■••■■  I ,.i  ■■>"<1  with  stannic  chloride,  c.  g.  (<.;,H5.^'IIJ.UCl),.Su('l^, 

\<y  hydrogen  sulphide,  and  the  fitanuio  sulphide  is 
II,  leaving  the  hydroctiloride  of  the  amido-coiupnuud 
•oiiitinn. 

iVhon  a  di-  or  a  tri-nitro-oompound  i«  thns  treated,  all  the  nitro-groapa 
I  naually  reduoxl  at  once:  hence  this  )iroc«sa  is  especially  applicable  to 
I  preparation  of  ili-  and  tri-amido-derivutives.  If,  however,  only  half 
I  calculated  qaanti^  of  tin  l>e  iulde<l,  a  partial  reduction  may  be  effected, 
I  nitro-ainido-oompounds  obtained. 


Amidobenzenei. 


JLnlltne,  C,n.N  =  C,H5.NH, — nienf/luminr. — Tliix  base,  which  is  now 

■psriti  in  enormous  cjnnntitics  for  the  manufnctiin'  of  coloring  matters, 

•ri'd  in  18'2(>  by  rnvcrdorln-n,  who  obtained  it  hv  the  dry  dis- 

iiidigo.     FritZRche,  in  1S41,  found  that  it  micht  he  obtained  hv 

-o  with  p<<tash-lye;  and  Zinin,  nlmnt  the  same  time,  intro<lncp<l 

•  >f  prepfiring  it  by  reduction  of  nitrobenzene  with  ammonium 
,  |ir()c-sa  which,  as  already  observed,  is  very  generally  applicable 

•  ration  of  organic  baies. 

.r..  aniline  in  this  way,  an  nleoholic  solution  of  nitrobenzene  is 

Koi  with  ammonia,  and  gaseous  hydroRon  sulphide  is  passed  into  the 

nid   »•<  long  a«  sulphur  continues  to  In?  precipit.ited  :  the  rencflon  la 

■•lcr,i»c<l  by  warming  the  liquid.     The  solution  is  then  nuTed 

of  arid,  filteri-d  to  separate  the  sulphur,  boibnl  to  erpj-l  alco- 

'       ■     '         "Ue,  and  then  distilli'd  with  exrpss  of  polasli. 

II'  is  prepnrcd    by  redncitiir  nitrobeniene  with 

■  •-•ncfl  part)  is  heated  with  iron  tilings  (Impart), 

1  (tlMi^  acetic  acid  (1  part),  and  the  solid  prodnot  of  l\\e  TexrWtjw  \* 

70» 
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NltToparaxylene,  C,H,(NO,)(rH,)„   ia  >  paU  ytll 
boils  flt  -SHO-'Iilo  f.  (4ria.-^S_lS8.tP  K.),  and  ilinfB  not  ► 
iiig  uiixtiiro. — Dinilropurnsi/lrtii,  C,U,(NH,),(CH,),.     Two  nmttlir 
this  com (lounj  aru  fiirmi*(i  aiiuultaiuiiuglj-  by  tUir   a'^ir>n  .if  fumin 
aoid  on  paraxylifue,  tlie  li'S«  «olul>U'  iu  n-Uxihol  ..r 
thiu  no.slU-s  melting  at  liJ.riO  0.  (2.'i4.30  K.j.  wh: 
miiri?  soluble  iu  alcohol,  forma  lar^o  uionoolinic  i'r/»wi* 
(lUSl.-JO  K.). 

TrimiruiHuitxylnte,  C,1I(N0,),(C'H,),,  formii  long,  culorl.  ^.,  ... 
inK  at  1370  C.  (278.(iO  F.),  luudurately  soluble  in  hot,  tymtiitffj  m 
alcohol. 

Nltromesitylene,    C«U,(NO,)(Cnj),,  fornu   Biarlj  t»>lr>T!»« 

MV»ilr  xolnblu    In   almhol,  luflts   »l   420  <".  (107  »J0   p.),  : 
(4aiOF.).— /yin(>ro««(VWrnr.  C,H(Ni >,),((  H,),.  SI^-ml.T. 
nevdleg,  melting  at  SOOO.  (18(i.l)0  K.)-      Trimlromemtgltmr,  \  ^i,.^y<., 
Needli'!!  Tury  slightly  siilulilu  in  ulixihot,  molting  at  '£i'Jf^  C.  (449^ 

NItTopaetidocamene,  <.',(!,, (NO,),  rorros  Innit  m-mlli*.  pmiI/  , 
in  hut  alowluil,  nulls  at  Tl'j  f.  (159.80  p.),  boils  at  ScifiO  C.  (Mif" 
TriHilra/iicmlwumane,  C!,U,(NO^,.       ColorluM,  qiuul/fttie  I>ri«ln9,  UMiitl 
1850  c.  (.1050). 


AMIDO-DERIVATIVE8. 

The  replacement  of  hydrogen  by  Nil,  tn  the  k^Arocarbotn 

with  benzonu,  givo-i  risu  lo  two  sorics  of  mctomi-ric  «>m{>oan>lii, 

to  Ihf  haloid  ami  nitro-di-rivutivtts  above  d«eoril)o<l :  thus,  trtjok  loli 

CgH^.CH,,  are  derived: 


C,U..fn,(Xll,): 
B*oi)Uiulnt-. 


C,H,(NH,).CH, 
Toluidine. 

and  from  xylene,  C,n,(CHJ,: 

C,H,(NH,).(CHJ, 
Xjrltdln*. 

These  comnonnds  are  all  of  bosio  charact4>r  ;  hot  thoso  In  rrhl-ii  thr ; 
is  sitiialeil  in  the  lateral  chains  are  stninper  haxiM  than  il- 
onntaiiiinK  this  Kroup  In  th.-  iirini-i|ia|  i-linln,  and  are  ai, 
prnpi-rtics  and  their  imxlK  (.f  formntinn  lo  the  amines  nr 
thus  benzylamine,  wliieh   may  In-  r.^pmieiil.Hl   by  Ihe  fon 

d4TriviHl   from  ammonia  l»v  ..iii.-».i..i c  1. 1     «■  11 

forimid,   together  with   ili 

N('',H,)„  by  heating  lien/ 

formed  from  the  chloride,  brnmide,  or  ((Klide  nf  ethyl.      I 

homoloffuM,  ,m  the  other  hand.  ar«  pr<«lared  chlellV  hv  t 

•*["''  ""   «he   nitro-derlvntirrs  :  and   nmid»lM-iiirn», 

1''"'  '  ,i'^ — Nil,,  whieh  mar  Im  nvanlmt  ii<  dm  flm  t,, 

Hern-.  .,  ,,,„l  for  t>  •  ,    ■• 

Th*-  redueliim  of  1 

1.  By  the  w^llon  „;  , „,  .„  ,„.„„„„  ,..,;,,„.„. 

C,n,.NO,    +    3H,8    a    C,ll».NtI,    +    Jl!,0    +     S8. 


•nir 
I'rni  I 


ANILINE. 


in  the  »pi>Hc»lion  of  thi«  method  to  di-  and  trl-nitro-oompouiMls,  only  one 
Uitro-g^riiup  ia  rixlucvd  in  llie  first  iimUuio;,  si>  that  ni  t  ru-amido   uum- 

pounds  aru  obtainiMl,  such  jU  '-'•''t^Mii'  ■ 

^3.  By  the  action  of  lino  or  tJn  and  hydroohlorio  acid,  or  of  irnn  filings 
■IjLaoetio  acid.  In  those  oases,  the  reJuutiua  may  bu  supposwl  to  Im 
^^^Bted  by  nascent  hydrogen  : 

^P  C,II,.NO,    +     3H,    =    C,H,.NH,    +     2U,0 : 

In  Mte  easn  of  iron  and  accti(!  acid,  also  tlirough  tho  intervention  of  Iha 
iliprrous  salt  foruiml  in  the  first  instanou  : 


KDd  in  that  of  tin  and  hydrochloric  acid,  tlirongh  thu  intervention  of  slan- 
chloride  : 


C.nj.NO,    4-     CFeO    4-     H,0 


C.Uj.NH,     +     3Fe,0,, 


C|,H,.NO,    +     3Sn     +     CUCI     =    C^Hj.NEI,    +     3SnCl,    +     2H,0 


CHj.NO,    +    3SnCl,    +     6HC1    =    Cjllj-NH,   -f    SSnCl,    +    2H,0. 

To  rtrpct  this  last  reaction,  the  nitro-compfiund  is  drenched  with  fuming 
liydrorhlorio  acid,  and  llio  calculatoil  quantity  of  granulatuil  tin  is  gradii- 
«llr  a'Jd«<l.  The  action  usually  begins  after  a  while,  withuiit  application 
of  heat,  the  tin  and  tho  nitro-compiiuud  dissolving.  Krom  the  warm  solu- 
tion, which  containn  a  double  snlt,  consisting  of  the  liydrochloride  of  llie 
rf^ulting  btis''  combined  with  stannic  chloriile,  e.  g.  (0,Hj.NIIj.lK'l),.Sn('l„ 
th«  tin  is  |ir<'<'i|ijtatcd  by  hydrogen  sulphiile,  ami  the  stannic  sulphide  is 
Hi'jisrnli'it  l)y  tiitration,  leaving  the  liydroulilorido  of  tliu  amido-compound 
Id  solution. 

When  a  di-  or  a  tri-nitro-oomponud  is  thus  treated,  all  tho  nitro-groups 
are  osnally  rednetHl  at  once:  hence  this  process  is  especially  applicable  to 
^he  preparation  of  di-  and  tri-aniido-<lerivatives.  If,  however,  only  half 
the  cAloulated  quantity  of  tin  be  added,  a  partial  redaction  may  be  elTeoted, 
And  nitro-amido-oompounds  obtaiuod. 


Amidohementi. 


Aniline,  r,n,N  =  CgHj.XHj — Ffinij/lnmine. — ^Tliis  baae.  which  is  now 
{ir.'p.'ir<-i1  in  I'lmrmoug  quantities  for  the  innnufHcturc  of  coloring  matters, 
■  ••crfd  in  1820  by  Unverdorbcn,  who  obtained  it  by  the  drv  dis- 
•f  indigo.  Pritxsche,  in  1K41,  found  that  it  might  be  ob(nine<l  by 
•ligo  with  potash-lye;  and  Zinin,  about  the  same  time,  intrrnluci'fl 
"\  of  preparing  it  by  reduction  of  nitrnbentene  willi  ammoniuin 

-     , — "  jinwi'Sfl  which,  as  already  oliserved,  is  very  generally  applicable 

to  the  preprir.ntion  of  organic;  bases. 

To  prepare  aniline  in  this  way,  an  alcoholic  solnlion  of  nitrolvnTiene  is 

mixed  with  ammonia,  and  gosi-ons  hydrogen  sulphide  is  passed  into  the 

Hinid  fi»  loni;  OS  sniphnr  continues  to  be  precipitated:  the  reaction  is 

I  :ifed  by  wanning  the  liqnid.     The  solntion  is  then  mixed 

ttciil.  flltiTcd  to  separate  the  snlphur.  boiled  to  expel  alco- 

rif  nilrfilM'tizene,  and  then  distilled  with  excpss  of  potnsh. 

'  scab',  niiiline  is  prepnr.-d   by  rednrinsr  nitrobenzene  with 

■'•     Nilrobenienc(l  part)  is  heated  witli  iron  filings  (1 J  part), 

[■Id  glacial  acetic  add  (1  part),  and  the  solid  product  ot  We  TevANo-a  w 
r  70» 
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tiiix(*d  with  lime,  and   distillxd  with  suporIi<*at«<t   ilvom.     On  Iha 
Sfjlle,  lli«  bt«t  rosiills  are  ulit/iinol  by  rmluctiim  wilU  tin  ^m.I  h*  !rn 
acid.     Tht?  priHluct  ubt-auiitMl  )»y  oilbdr  proixitA  011^7  ' 
ing  it  into  uxtiltite,  crystjilliziug  this  tsalt  bevcul  lii. 
deooiupo'fiiig  it  with  ^Mitiuth. 

AiilliiK'  i»  iiliio  pruducod  by  beating;  phenol  with  ammouiam  vhlorid*  1 
fuming  livdi-Mhluriu  acid  in  sealed  tabus  to  3IS0  c.  (5990  p,j  ^ 
thirljr  hours ; 

C.Hj.OU    +     NH,    =    C.Hj.NH,    +     H,0: 


■""   nf  nltrograma  «e- 

,1. 


and  lastly,  it  is  formed  by  the  destructive  dis' 
gsniu  niiitliTg,  and  ia  one  of  the  oonstitucuU  <•• 

Aniline  is  a  oolorlogg  oilv  liquid,  baring  a  fn  >     ^  i.ir  fxUir,  adnui 

of  l.o;jt;  at  (O,  tt,„l  iH.iliny  at  1M.5<3  C.  (aM.lo  ¥.).     Wlun  quiu  pai 
■olidiflM  at  low  teuiiwraturrB,  and  mi-lt*  at — VP  C.  (J'.CO  V.).     It  i 
BoIv«s  hut  sparingly  in   wal.-r — Jl    \>arU  at   l^J  C.   (63. OO  J'.),  «| 
alcohol  and  ether.     When  exposed   to  the  air  it  turn*  hrowti  aad 
ally  rcsinin-s.     Its  aqueous  golulion,  nuxi-d  with  1  hlurid-      '  ' 
a  purple-violet  color.     Its  solution    in  Btroiig  xulplmric 
Mhlition  of  a  few  drops  of  aqueous  iHilasxinm  diihr-ii  ■"■ 
a  deep-liluo  color.     A  deal  ehiiving  dipped  in  auiliii 

Aniliue  is  a  strong   hose,  uniting    directly  «itli 
salts,  forming,  for  example,  the  compounds  (( 
CuSi),.— Tile  hyJr.wJJorulc,  C,ll,N.UCl,  forms  i.. 
and  iu  alcohol,  suhlimiug  without  dec^imijositidu. 
mixed  with    platinio  chloride,  depotiits  the  pliitim- 
PtCl,,  in  yellow  uee«lles.     The   nitrate,  C,11,N'.*'  ' 
rhomhie  tables  ;  the  ora/a/e,  (C,H,N),.C,(),ll,, 
the  alooholiu  solutions  of  aniline  and  oxalic  a>.. .,  ... 


■  vatTtTitTios-paoiiircTS  or  Ambivs, 

1.   ffaJayrn-Derivalirrt. — These  compounda  an  fonu«il 

(1)  By  the  action  of  halogen-elements  on  aniline,  I'l . 
forming:  di-  or  tri-dorivntlves,  ioiline  giving  rise  to  1 
luiiiuH'hIor- and  nionohromaniline!!    (para)  are  ul>taiii>  .    . ,.    .... 
chlorine  and   bn>mine,  in  va|M>r   or   in  aqaeoua  aolutlou,  on  ar 
C,ll,,.NH(r,H,n),  suspended  in  water. 

(2)  Hy  reiiiu'tiou  of  (lie  nitro.-hloro-,  nitrohroino-,  or  tii" 
with  ammnnium  Fulphide,  or  with  tin  and  hydrochloric  at. 
for  ex.iuiple,  hfins  thns  eiinvertefl  into  C,H,<'I(NI1,;. 

(3)   Krom  the  nitranilines  by  culistllutlon  of  (1.  Br,  or  I  for  NH, 
the  m**dium  of  the 


.  diar.o-,..,nHH.nnd«).  ivnd  of  NH,  for  I*''i  l"/  ' 
r,n,<^p^'=  for  example  from  f«"4<C]«ij^,' 


etAntlii 

U 

(tb      _ 
actiMii 


ri'<lucing  agents,  C, 

Tlv  the  entrance  of  halogen-elements  (aUn  of  the  "'"'_ 
molecule,  the  }>r<^'"-  ..r,.,...r(;..o  „f  ,„,i;„.    nre  weakcne"!-     T' 
tlvi-s  are  weak  •  rni,  for  tho  most  pari, 

■laWe  >.alls  win  y  water ;  and  the  tri-.te 

are  mo«tIy  dealilote  i>f  lui^ic  propi.rli,-».   though    the   on 
siilnlituled  radic)c«  has  simie  Influence  in  Ihln  fiapoct.      ' 
rlrnllvw.  fho  ortho-oompoanda  are  l<«s  baalc  than  the  mi'tn-  au.i  j 
pounds. 

Tlin  folIo«rtur  table  vshrtiit*  the  mo<le«  of  formation  and  t'  ■•  '■'•'' 
Ml  properties  of  lUoYta\oRet»-<\enx»\\vrRiit  ».nUtn" '. 
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Mononltranillnea,  C,H,(NO,).NH,. — The  three  isomeric  dcrivativcB 
«fc  furuieil  liv  impiTltvt  ru<iuction  of  thi-  diiiitrolMJiiieiiBS  (p.  831),  beat  by 
passing  Lvilr<i);i'U  aulphiilu  inlu  tliu  aliolioliu  hoImIIuu  uf  thu  nitro  oom- 
poaud,  inixixl  with  a  littlu  uonountrated  aiuniouia  : 


C.H.<NO;    +     311^ 


4-    2H,0    -f     3S. 


r,H.(NO,)Br 

+     NH,    =         HBr      + 

C;U.(NO,)(tM-H,) 
Nltcaoliol. 

+    NU,   =    irucii,   + 

Mclhyl 

ttlcohoL 

The  orlho-  and  pora-deriTatiTea  are  also  formed  by  tbe  action  of  alkalies 
on  the  onrrespondiug  uitro-aivtaniliden,  C,Hj.NH(C,II,0),  niid  by  prolonged 
heating  of  orthci-  and  piira-nitrobromobeuzciie,  or  of  tli«  metliyliu  t-lher  of 
«rtho-  or  paruuitropheuol,  with  aqueous  or  alcoholic  ammonia  to  ltfl<-2(HlO 

C  (:i6(>-ait2o  v.). 

C,H/NO.)(NH.). 

C:.1I,(N(>;)(NH;). 

KltranlllDe. 

OrtMn-nltrtmiline  forms  long,  dark  yellow  Ile*^dlpg,  melting  at  71.50  C. 
fltSll.T'^  F.)i  mor«  wilublo  in  water  anri  in  nlcobol  tlian  the  other  two  inodi- 
Mtions.  Meia. — Unij;  yellow  prinniti,  moltiny  nl  IHSIO  C.  (22gO  p.)^ 
iUghlly  soluble  in  wati^r,  freely  in  alcohol,  /bra. — l)raD(;**-«>lor<'d  needles 
or  tables,  melting  at  HiP  C.  (^4.b^  ¥.),  nearly  iusolyble  in  water,  easily 
soluble  in  aleohol. 

DlnitraniUnes,  C,H,(NO,),NH,.  —  Tlte  unHymmetrical  modification 
1:2:4  (Nil,  in  1),  is  formed  by  Iii'Sting  the  corresponding  dinitro-, 
oUoro-,  bromo-,  or  ioilo-benzene,  or  the  mcthylic  ether  of  (1  :  2  :  4)  dini- 
Irophenol  with  al<H>hotic  ammonia,  or  dinitro-acetanilide  with  potash-lye. 
It  crystalliiea  in  light  yellow  priams,  melting  at  182Q_183C  C.  (S.lil.tJQ- 
M1.40  v.);  does  not  combine  with  acids.  By  exchange  of  NH,  for  U  it  is 
MOTerttxl  into  mcta-diuitrobeuxene. 

CVwsTMrii  r  iJinitrnnUine  (1:2:  6),  from  the  corresponding  dinitro-iodo- 
bMtMne  or  methyl-dinitrophenni,  formfi  long,  dark  yellon  nei-dlt'^,  uieUing 
at  138C  C  (2S0.20  F.),  sparingly  suliiblu  even  in  hot  alcohol. 

Trinltranillne,  C,n,(NOj)j.NH,  (1:2:4:0)  (Pirramiile),  is  formed  by 
the  a«.-tiou  of  alcoholic  ammonia  on  triuitrochlorolienzene,  C,.t"l.NO,.H. 
NO.H.NO,  (p.  831),  or  on  the  ethylio  or  methylic  ether  of  picric  acid.  It 
crystallixes  from  aloohol  in  orange-red  neetlles  ;  from  ^Inctal  acetic  aoid  in 
large  monoclinic  tables  ;  melts  at  18fiO  C.  (3(iB.80  F.).  By  heating  with 
alluUiea  it  is  converted  into  a  salt  of  picric  acid  : 

C«H,(NO,),.Nn,    +     KOH    =     Nn,    +     C,H,(NO,),OK . 

J  Cbloro-  and  Bromo-n  Itranili  nea.  of  which  nomernna  modifica- 
HMtas  aro  known,  are  obtained  by  heating  nitriidiohloro-  and  uitrodlbnmio- 
B|^x«nes  with  alcoholic  ammonia  ;  by  trentinc  chlor-  and  brom-acetnnilide.'i 
P*imh  nitric  acid,  and  d.-oompoaing  (lie  reHulting  nitro-cflmpounds  with  al- 
[  katii-s  ;  and  by  passing  chlorine  gaji  or  bromine  vapor  into  the  solution  of 
the  thr'-*  nitranilines  in  hydrochloric  aoid. 

Dlamidobensenea,  or  Phenylenedlamlnes,  C(H,(XII,),. 
—These  banes  are  formi-rt  by  reduction  of  the  three  dinilMlH-nient-s  or  the 
three  nitranilines  with  tin  and  hydroclilorio  acid  ;  also  by  dry  distillation 
of  th"  orirresponding  diamidobciii'oic  acids.  They  are  bi-acid  bases,  forming 
well-defined  crystalline  salts  ;  «.  g.,  C,H,(Nn,),.2HCl. 


{ 


▲HI  »0-l>Bftl  T  AT  I  res. 


iaa-tiiM  UbU» ;  B«lto  »l  IU5>C 
at  95^C.(4ail.#>  r.);  4hwi««»  m  >it.T.  .-[^ti^'T 
acid  »  wihwl  'I 
Jta>— CTTTtalltn- 111. 


ICO  c.  r9«^  F.>.  hMb  tf 


Trt«Ml<ob«as*a*.  (VM^fHi),  (1  =  S  -  4),  b  ytoJwwil  I7  4it 

tnaaaAit^aac  B^  ouzol  alUi    |waiMle4    glM>,  mi  W 
'  w.tL  tin  and  h/dtidJoni'  ».-*A     h 

r.y,  ^^  Mlabie  in  wUw,  •l«ub>,i 

•  mil*  ■llrio  acU,  fuaatotiall 
MllawiUi     ' 


asiTH  ov  Aaoara. 

TW  ftlil  or  ti«al  icyUoaBEat  af  tW  hydropn  in  Um  aaiS4<««B  (Im* 
•*  ■■nil   ly  iliwkal  railiili,  giT«w  riw  to  saii|Wiuda  ■■■Iii^m  t»lt« 
(eniuy  nrnka^  of  lh»  Cu^  g'Mv,  umI  faraMd  ia  Ub 
1  Ik*  MdUca  and  !««■ 


Itwarim  aajliae  witk  1 


HBr    -f 


t««amidaaa(  tba  < 


CLTLJnLCIL. 

Ibdtll-MIUML 


nqraajfalMbepradaeed  Igr  haatiag  aaOiaa  VrAiMlOariilo  with  1 

U  eUa(4  r«awK  •  chlMid«  of  Ike  akatMl-cadMa  Mm  Cnt  (mbmI,  itiii 

Ut«a  acta  aa  ahan  «■  Um  aaniaii.    Tha  tatUi?  a4-rh;ui«fa,  awb  all 

■Tnevrnl««. 


dMkjlaaOiM,  C^^^CC^HJ^  ean  abo  qii 
famuw  ■■iBoeiiiiB-<«'«i|K>iiik4a,  Uka  Brtht 
lCn^(Cja^<  '■'    .ihiek,  wh«itr»: 

Ik*  eo(T«(pc«':  ridei,  aneh  ■•  1 

k/dmsidca  arc  t^r^  wmbte  is  walcr,  tfjufij  siKAiL 


[.»i  V  a  uu« J 


Tha  aacnmtary  and  UrlUiy  deriralfraa  are  liqaU  at  oriiiiaij  < 
lona,  and  exhibit  the  foUoving  pk^Ttiaal  prapertio*  :— 


BaUla. 
PaUC 


OravK 


hylaniline,         C,H,NH(Cn») 
thylaniline,     C.HjNCCH,), 
Kthjrlaailine,  C,H,NH(C^,) 

I  Dirthjriaafllne,        C,n,N((yi,), 
Amylaoilina,  CH,NB(n»H,i) 

Anijl-eU»7Uiifllo».(r,H^N(C,H,)(0,n„) 


;  1900-1910  r 
(374-37V 

(sn.oo  F.) 

3M0  C. 
(3»9.aP  F.) 

(41-'-  •• 

(4I.     .    .., 

20*3  C. 
</l4)3.0O  P.) 


•^.'J 


(04  ■I-'  f  ..I 
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ethrlaniline  solidifies  at  +  0.5°  C.  (32.90  p.).  Amjlethyl-aniline 
I  with  mctli^-1  ioiliilo,  forming  the  iodidu  of  methyletliylaniylpheiiyl- 
lium,  (C,lls)N(Cll,KC,H4)(L'jH„). 

'  other  olcwUoIio  durivatirL'S  of  aniline  have  been   prepared   aad 

ed. 

Ipli  pny  1  am  i  n  0,  NlI(C,Hj)„  i«  formed  by  heating  aniline  hydro- 
ridi'  with   aniline  to  240-'  C.  {iiii^  ¥.),  and  by  tlie  dry  (listillation  of 
Itenyi-ruaaniline  (aniline   blue).     It  is  a  cryslalliiie   bixly,  having  a 
piwant  odor,  m.-lting  at  540  c.  (129.2°  F.),  and  Ix.iiiiig  !it  3HO  (;.  (.'.ijoo 

(■lightly  Boluble  in  water,  easily  in  alcohol  and  ctlier  ;  colori'd  deep- 
f  by  nitrio  acid.  It  ia  a  weak  base,  ita  aalla  being  decomposed  by 
riphnnylamine,  N(C,H5)„  is  produopd,  together  with  dii)lien_vl- 
ae,  by  beating  a  aolation  of  potassium  in  aniline  with   uiouobrouiu- 

Derirativea  eontainini;  diatomio  alcohol-radiclus  are  formed  by  hoat- 
inf  aniline  with  the  iodides  or  bromides  of  methejie  an<l  ethene.  Melhent- 
iifJunjUinmine,  (l\H^.Vll),.C\i„  is  viscid  and  uncrystallizablo.  Ethrne- 
dipkmfltlinminr,  (C.Hs.NIOj.C.lI.,  is  crystalline,  and  luelLs  at  5700.(134.60 
F.).  The  isomeric  rtkuiene-aijJieni/ldiamine,  (C',H,.Nll)5.(_'lt — L"Hj,  formed 
kUie  action  of  aldehyde  on  aniline,  separates  from  alcoholio  solution  in 
ri'h  noilules. 
(rivativi«  containing  tri-atomio  alcohol-radicles  are  obtaini>d  by 
ling   aniline  with   the  chlorides  of  snch  radicles,  or  with  substances 

il>le  of  forming  them.     Afethenvf-diphmifldiaminf,  ^'.J'     i,     ^  CH,    pro- 

by  heating  aniline  with  chloroform  to  18()Q-1W»  C.  (3.')S-.S740  F.) 

by  the  action  of  phosphorus  trichloride  on   a  mixture  of   aniline  and 

laoilide,  crystallizes  in  long  colorless  needles,  melting  at   1350-13(iO 

J75"-276.P0  p.),  and  boiling,  with  partial  decomposition,  above  2500 

'  F.).    ICthtnyl-dipheni/hliamine,  f,*,.''     C^      y,  C — 'MIj,     produced     by 

I  artion  of  PCI,  on  a  mixture  of  aniline  ami  acetie  acid,  forma  small 
i«aa  needles  melting  at  13IQ-1320  C.  (267.SQ-2«9.eo  p.). 


DSBITATrTSS  COKTAimKO   ACrn-JUDICLES  : — AKILIDKS. 


TheBO  oompoands,  which  may  be  regarded  as  amides  having  their  hydro- 

tmore  or  less  replaced  by  phenyl,  are  formed  :  1.  By  the  action  of  acid 
ride<  or  chloranhydrides  on  aniline  ;  thus  : 


C-Hj.NH,    4-    C.H.O.a     = 

Aoilloe.  Acetia 


HCl 


C,H,.NII,.C,H,0 . 

Acotunllide. 


t 


etilorije. 
i.  By  heating  aniline  salts  with  organic  acids  : 

C,H,.NH,    +     CjHjO.On    =    H,0    -f     C.Hj.Nn.C,H,0 . 


beating  with  alkalies,  or  with  hydrochloric  add,  they  are  resolved  into 
tjieir  comjionciits  ;  r.  y., 

^        C,H,.NH.C,H,0    +     KOH    =    C.H.O.OK    +     C.Hj.NH,. 

FormaniUde,    C.Hj.NH.CHO  — /*«ny//brmam«/e Produced    by 


AMIOO-SKKIVATITB*. 


I  with  eikrl  foraule^  or,  lasMlMr  wUh  oUmt  ptwtofti,  1 
1  u  vitk  osaUc  and  : 

..SH,    +    CyO,H,    -    q,H,.yH.CBO    -H    O^    +    B/>. 

at  460  0.  (U4.«c  p.),  cmUj  nfaiMa 
flUtMg  Md^l;*  wlilal  to  ito  a^iavovs  ^ 
••4iMM  feraaBiUde,  C«V    ^'^-— 'Uu,  vhicb  b 
vatar  lalo  faaaaiUde  aad  aodlBB  I  By  distiliatioavltk  i 

Leet»Btlia«.  C;ey!m.CAO.  /V-yfarrB—V.,  pfttlMeMi  I7  ki 

iioe  «ad  glacial  ac««i«  acM  (I  awl.  of  racli)  tor  c«v«ral  boan,  ar  l^t 
actiaa  of  aca^  aklarUa  or  at«ti<  anli/<ln<l*  oe  •nilior.  fcraM  eokrlMt, 
'  ahhiiiig  Iwinar  ctxaUla,  okrittag  at  liac^liao  C.  (2S3.63-at.43  r.)i, 
^«ilatfliri^g  villMal  Auuatj^iiiuu  at  2»dO  C.  (6630  P.),  •luuio^^'  mMk 
la  sold  «atcr,  man  aaOjr  fai  bo(  water  aad  to  alnihal.  TreataU  wtth  l«» 
■i— ,ahhrin».Br  ■ilrieac»d.ttjri»l4a  ■mo  aa*  Jj-aatatitmiw  |ai<i>t 
tka  aalatitotiaa  always  takiag  flmee  ia  flia  Imiiwia  rti%.  and  Ifcaa*  «Im 
lMal»!  Willi  alkaliM  yM4  alcolMlla  aatliiM. 
C,ll.  n/>)  (1 :4),  nrtlt  at  l«c  c.  (3£)0  K.)  -.  <AA 

at   i.  -LiP  P.):  f>armulrmet*amiltJe  nirli^  fit   .?>TO  r.  (4iM^ 

ortio-  »:   !»'■'  C.   (172.4''  y.).       iMmimuriat^,  MKCyl 

fcnned  bjr  diawilruig  acflaDiUde  la  a  aiiztOM  o:  bafle  1 

melU  at  laOO  C.  (3400  P.)- 

Oxanilamlde,   I 

witVi  r>xaiij|i<l<?,  Ii.v  f(ra{Kira.ling   cjaiuioJTinr  with  tijrdrocliloric  aeiil,  < 
t.illizf^  iu  Umiiur,  soluble  in  hut  water,  ami  suliliniiiig  wilbont  dr 
sitiuu. 

ro— yH— c,H, 

Oxanlllde,    I  ,  DipkatjUanrntU,  tAAiuami  hj 

(:(i_SU__C,n, 
•niliei.-  oxaUu?  to  HMO-lSoa  C.  (32O-350O  P.).  .mJ  (iwahar  with 
amiilo,  liy  cvajioratiiig  a  solnJion  of  i-vann  Murle  add,  I 

ahining  sabtimable  crjrstala,  mcJtiag  at  :.l> 

CO— NH— c,n, 

Oxanille   Aold,   I  .   pwduowl    by  bcatta( 

ni— OH 

with  rxoen  ofozalia  acid,  fonns  crTBtalllna  scale*  iltghtly  aolaUvto  ( 
in  but  water,  and  having  a  ttruog  aoid  rvactlon.     It  ia  1 


ritmylotamd*,   (brwMd, 


-Mi- 


''•    »    ,  /1l«By/-<ar*nii«»ifc,  l%mf 


Jarbanllamlde,   <^<^<Ci«n 
is  formivi,  lik.>  .•tlivi-rarbamido  (pAoi),  t>r  p»i>«»n»r  "T""'"  •^''  »«l>«l 
anill&o,  and  by  the  action  of  anuaonia  on  I'lUcii  '  't«  (<*rtja«H>« 

COrrN— C,H,    4-     NH,    =B    <^'^-^Mi 

[Tha  MUfxiit  molhrMl  of  rr.n.irim'  i)  is  tii  KT.in^ratr  »n   aqnontli  ♦nlntlnB  M 
nt:.  '-' 


old  u  aUtr,  *^A^il y  iii 
tiilo  ammotiia,  ' 
Alcoholic  dcriratlTo*   "l    lui'tiyn  ari.nnn.iiv 


7-. 


trty<y»i|liai>awdi, 


ANILIDES. 
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DO^wu'/'ii*  (  "e  formed  >jy  dip  action  of  auiliite  on  isooyaniu  ethers 
(carbisaiiies,  p.  542). 

CarbaniUde,  f"0^vii"..*ii'  ,  Diphtnyl-cmbamiiie,  Difihrmyl-urta  (b^tii- 

lai>LrioiLl),  18  prvduved  \)y  tliu  action  of  carbonjl  chloride  (phoegene)  on 
luiiliiiu; 

COCl,    +    2(C,H,.NH,)     z.    2IIC1    +     CO(NU.C,Uj),: 

by  combinalion  of  pUenj-l  isocyonnle  (corlianil)  with  auiline: 

C0J3— C,H,    +     NHj.C.H,    =    CO(NH.C,Hj), ; 

by  hnaUng  1  part  of  urea  with  3  parts  of  aniline  to  ISOQ-iTOO  c.  (302CI- 
»l«)0  F.)  : 

OOCND,),    +    2(C,H..NH,)     =     2Nn,    +     CO(Nn.C,H,), ; 

also  hy  heating;  1  mol.  aniline  with  1  mol.  cartianilamide ;  and,  tngethttr 
'itb  foruAnilide,  by  the  action  of  hi-.'it  on  oxanilaniide.  It  fomiH  silky 
wdlns,  sliglitly  snIiiMe  in  wnt<^r,  modvrat<.<ly  soluble  in  alcohol,  iuhIIs  at 

K3£0  C.  (455-  v.),  and  volatlLizes  without  decomposition. 

Cklorocarhnnilide,   COCl — NCCjIIj),,   is  formed  hy  passing  phosgene  gas 
into  a  solution  of  diphenylaiuine  in  chloroform  : 

COCl,    +     KU(C,H,),    =     nCl     +     COCl— N(C,Hs),. 

It  cry!-tallizi>s  in  cTilorle^s  Inmins.  With  alcoholic  ammonia  it  forms  un- 
BjriBluotrii:&l  diphenyl-carbamjdu : 

which  crystalliMs  In  long  needles,  melting  at  1890C.  (372.20?.).  Heated 
With  aniline,  it  yields  trl  pheny  1-oarbnmide ,  CO<N(r*H'V 
(neodlea  melting  at  13(P  C.  (276.8©  F.)  ;  and  with  diphcnylamine  at  200>^- 
220=  C.  (392CM2KO  F.)  it  forms  tetraphenyl  carbamide,  COtN 
(CjHj),],,  lisbl  yellow  crystals,  melting  at  183°  C.  (361.40  p.). 

Curbanlllc,  or  Phenyl-carbamlc  Add,  CO<^qjj'  •   »,isnotknown 

in  lite  fr«e  state.     Its  ethers,  the  pheny  Inrethanes  ,  are  formed  by 

Nil  r*  H 
ion  of  aloohols  on  carbanll.     The  elhylic  ether,  CO<;^p  y*   »  ,  pro- 

also  br  the  action  of  ethvl  ehlororarlmnate,  COCl.OC,!!,,  on  aniline, 
forms  colorless  needles  melting  nt  520  C.  (12f..(50  F.).  It  boils  at  2.-17-- 
23SO  C.  (4fi^.l»-4fi0.4O  p.),  with  partial  decomposition  into  alcohol  and 
.arb.<nil.  and  is  converted,  1)y  heating  with  strong  potash-lye,  or  with 
aniline,  into  diphenylcart>amide. 

Carbanll,  Phenyl  Isooyanate,  or  Phenyl  carblmlde,  rO"  N — 

rat  1    1 ..   i:. tilting  oxanilide,  or  better,  othvlio  carbanilale,  with 

ie,  is  a  mobile  liquid,  lx)iting  nt  liJ30  C.  (325.40  F  ), 
^■■nt,  tear-exciting  odor.     Its  reactions  are  exactly  like 
I  thoiw  of  tlin  isocyanio  ethers  already  described  (p.  646).    With  water  It 
[funnK  carbanilide : 


2((X)^N— C.Hs) 
71 


+     np    =     ro,    +     COCNH.C^U^')^. 
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By  ammonia  it  is  converted  into  carbanilaniiili«,  and  by  amlaa  iat* 
ateoholiti  dKrivativos  of  that  compound.  It  niiil>-s  with  alcali«bi  to  bta 
the  carbanilic  ethers. 

Thlooarbanll,  or  Phenyl-thiocaxbirr'^-       -     v^- n 
calleti  llirni/lic  MmUard-itil,  is   loriutnl    truiii    lli 
with  phosphoric  ftnh>'dridp,  by  j>r()longt.>d  boili;„     .'-,.'. 
and,  together  with  trlphunylguauidine,  by  Ihe  aouon  of  loduM  in  ai" 
solution : 

JfH.CeH,  /NH.C.H, 

2cs<c  +  I.  =  cs=u— c,H,  4-  c-N.c,a,    +  zni  +  s- 

^NH.r.n,  \Nu.c,lij 

It  is  also  produced  by  the  action  of  phoegRnt"  r ■'  •■  -       '•  '•'  -  -~'-r)-« 

li(iuid,  gmi^lling   lik<<    ioiistardK<il,  boiling    at    ~ 

hi'atiug  with   roduc«d  copper,  it  is  con^'erted   i'        ,         ,        . 

nitril: 

CSZ::^— C,H,    +    Cu    —    CnS    4-     C^J.CjHj. 

Hydrogen  sulphide  pB.ised  into  phenyl-thiocarbiraide  decoroposca  U,  *tm 
at  ordinary  tomperaturos,  into  thiocarbanilide  ami  carbon  biaolpluida: 

2(cs:rN.c;n^   4-    sh,   =   cs,  +   cs(nh.c,ii»>,  . 

It  nnltes  with  ammonia  to  form  phenylthiocarbamide ;   with  anfl 
form   diphcinyl>;arl>aniide ;  and  with  anhydrous  alcohol  at  IlSiio  C>i 
F.)i  U>  form  phenylic  tUiouarbamat«a  or  thiourelbanes  : 

csz:NC,n,   4-   c.u».oh    —    <^^<o.c' u*"' • 

Normal  Phenyl  Tblocyanate,  CN.S.C,H,,  isom 
is  uluainiMi  by  the  actiuii  m  cyuiiiigen  chloriilu  uii  lii  i  of  | 

meroaptan : 

(c,u,s),rb   4-    acNci    =    Pbci,    4-    2<CN.8.C,H^  . 

It  is  a  colorlns  liquid  which  boils  at  2310  C.  (447.80  p.),  and 

the  normal  lhii«yanic  ethvrs  of  the  fatty  scrire. 

TUooarbanUamide,  or  Phenyltblooaibamlde,   rSx^^'^iJI-^'tBt  ^ 

fomixd  by  the  combination  of  ammonia  with  thiocarbanll,  rvntallttM  I 


nw.ile»,  moltinp  at  154°  C.  (309.20  p.),  ,li,..|  ■■ 
easily  in  boiling  water  and   In  *l>x>liol.     Wln'ii 
it  exchanges   its  sulphur   for  oxygen,   and    u    . 
earbamidu. 


coU, 

at  olinuU 


ThlocarbantUde,    nr    Diphenylthioearbamid*,   Cd(NH.C;IIJ^ 

formed  by  the  ui-tiini  uf  {.-■artjofi  <Jitiiijitti*i<  on  auiliuv  . 


2NH,C,nj    4-    cs 


SH,    4-    C8afH.C,n»),  , 


tniline   and   potwsinm    h.Trtmiidp,  In  »<in«l   nitmhera  of  innl«(<Ql« 
beated  for  an  jmiir  In  alcoholiii  unlntlnn  with   xtc^  of  oartwn  *4lll 
resulting  liqnid  i»  p'.i  -  i»r(o  acid,  tli*  i 

evaiwraled,  and  the  maw 


THIPHENTL-OUANIDINK. 
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ij  explained  (p.  812).     By  treating  it  with   alcoliolio  ammonia  and 
1  oxide,  the  S  i*  replaced  by  Nil,  and  diphunyl-guanidine  ia  produced. 


tiphenyl-gnanldlne, 


HN-C<;]ij{|-^«y4  OfclaniUne),  U  also 


formtNl  by  th«  action  of  gaseous  cyanogen  chloride  on  dry  aniline,  and  by 
boiling  cyauauilidu  witli  auiliuu  bydroolUorida : 

K  C,H..NH.CN    +     C,H,.NH,     =      HN=C<™;^«{{^ . 

vrhnoa  long  flattened  needles,  melliiig  at  147°  C.  (29(;.CO  F.),  soluble  In 
10  part5  of  alcohol   at  ordinary    Umtpuratun's,  slij;litly  Buluble  in  watiT. 
^^ia  a  mono-aiid   base,  and  forms  wcll-erystallizt'd   Balta.     Whi-n   ht'.ited 
its    inviting    jxiinl,  it  is   resolved    into  ammonia,  auilitu',  and   (lYni- 
hifl-toflaminf,  C,N,Hj(C,lIi),.      By  carbon  disulphidu  it  i»  converted  into 
rbanilide  and  thiooyanio  acid  : 

HN^C(NH.C,Hj),    +     CS,    =    CS(NH.C,Hj),    +     CNSH  . 

Tripbanyl-enanldine    («),  C.Hj— N:ZC<[$Jj]"^«|]'  ,  is  formed 

by  the  action  of  heat  on  diphenyl-carbamide  ;  by  heating  dii>hi'nvi-tljio- 
carbaniide  either  alone  or  with  copper  to  IStlO-lOtP  C.  (302Q-;i2t>O  K.),  or 
wiiu  aniline  to  the  boiling  {nitut  of  tb<!  latter.  It  is  most  easily  prejinrud 
by  beating  an  alcoholio  solution  of  diphunyl-thiocarbamtde  and  aniline 
with  lead  oxide  or  meroorio  oxide,  or  with  an  alcoholic  solution  of  aniline 
to  the  boiling  point : 

C8(NH.c,n,),  +    c,n,.Nn,   =   sn,   +    c.ii,-n=c(nh.c,Hj),  . 

Triphenyl-guanidine  rrystaUizeii  in  shining  rhutnliic  {triams,  moiling  at 
1430  C.  (is9.4^  F.),  nearly  iiisoliililu  in  water  even  at  thti  Uiiling  heat, 
>MBily  soluble  in  hot  alcohol.  It  is  a  mnno-acid  base,  forming  well-cryg- 
^■llied  nails.  By  distilbition  it  is  resolved  into  nniline  and  diphenyl-cy- 
■BHBi4*  or  oarbodipbenylimide,  which  reeombinu  iu  the  receiver: 

Wbrbe 


C,n,NH,    + 


I  by  beating  to  160Q-1703  C.  (320-338O  p.)  with  carbon  diaulphide,  into 
phenyl-thiooarbamide  and  diphenyl-thiocarbamide : 


CSCNH.C.Hj), . 
,    is   formed    by 


-^^Nll.C.H 


C^H^X— C(Nn.C,Hj),    -J-     C3,    —    CS=N.C,Hj    + 

Uomeric  Iriphmi/l-gunrnJine  (?),  HN  "C-^^^jfiFj?' 

og  oyananilide  with  diphenylanxino  hydrouhloride  : 

CjHj.NH.CN    +    NHCC.Hj),    >=     HN: 

allixes  in  large  t.iblos  melting  at  131"  C.  (207.80  F.). 
relraphenyl-guanidine,  U.N_([N(C,HO,],.— The  hyrlroohlo- 
1 11  formed  by  passing  gaseous  evanogen  chlarirte  into  fused  diphenvl- 
amine  heated  t/i  ll!(>a_170O  C.  (32()Q-T<PO  p.).  The  fre.-  brine  sepnrated 
therefrom  by  an  alknli  forms  colorlosa  rhombic  prisms,  melting  at  13(P- 
HP  C.  (26(iO-2l)7.80  p.). 

Phanyl-oyanamlde,  or  CyananU  Id  e,  CN.NH.C,Hj,  formed 
by  passing  gase^ms  cyanogen  chloride  into  nil  elliereal  solution  of  dry  ani- 
line, or  by  digesting  an  alcoholic  solution  of  phcnyl-thiocarbamide  with  lead 


Ih 
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oxu]p,  crystalliivs  in  lung  neMIes,  melting  at  36'~-3TO  C.  (96.8°~0&<O T  V, 

ipariugly  soluble  in  wat«r,  e«&Uy  in  alcohol   and  rtbcr.      It    hu   aa  'uu 

{•roiwrtics,  but  nnites  with  h^'drogen  lulphide  to  for} 

tiamide,  NH^CS.NU(C',llj),   and   ii  oonverlnd    »j 

ordinau^  '  :.lo  th«  poljTiiorio  cnmp<«in.(   t  r  i  ji  li  ••  u  j  1   i.  ■ 

liiuiin<'  ,   wliicU  crjrstaUUes  lu  iirisuia  uudting  n  \i! 

Iti30c.  t. ..-  i  .;■ 

Diphenyloyanamlde    or   Car bo-dlpheayIlBtd«, 

>>N— C,H- 
CuH,^,  :=  C/  ,i*  formed  by  adding  mercuric  oxide  to  a  wUl 

of  diphenylthiucarbuuide  in  Iiot  lienxene,  and,  t<^eth#T  with  anilllv,  I 

distinction  of  -      '    '  .aidinv.     It    '  tiqaid^  boUilf  i 

3^l>-^31'^  C.  I  niiLl  L-liar  i  tM  an  oxalaaltf, 

into  a  solid  pill,. .^ , iiii.     Ili.i.  ...... 

Bolutiou  iu  hot  bcnionfcouvorts  it  iir 

UCI.     Bjr  Iwiling  witli  aqueous  alroi 

carbamide.     It    unil(«    Httli    8K,,    to    fi<riu  d  i  pli  en;  i  t  ti  I'ui 

mide,  And  with  CS,  at  14001.1500  o.  (UM^^'to^o  y.)  (o  focm  b| 

thiocarbimide,  C(N.C,B^,  +  CS,  =  2(CS:_N— C^H^. 

C(NH>— KH.C.H, 
CyananiUnA.  (C,Uj.NB,),(CN),b  I  ,—Btntmti 

C(Nn}— NH.G,n, 

Iin«sinK  '  '-  ' "i  into  an  almhcttic  solution  of  aniline,  in  ahiaisf  Itt*- ' 

n.i-,  ninlir  r,  (4ino  f.).     h  jg  a  )<larid  liaae,  and  is  iokiItmI  Vf 

Ixiilin-;  wu[i  ariu.-.  luto  oxamidu  and  oxauUido. 


pimirrL  pnoRFUoRDi-coitPoinios. 

Phoapbenyl    Chloride,    r,Hj.PCl,,   formi-il     hj  r^^itttMf^ 

pB&:iiiig  a  mixture  of  tliv  vapors  of  lu-nxxni'  and   jl 
througli  a  rvd-bot  tulw  Ollod   with  fraKnicnta  of  i 
quantity  ti,r  hiJiting  uieriuryHliphcnyl  nitb   i>l 
fiiraiiig,  Blronglv   lofrnt-tiMg   liijuid,  haviiijj   a 
(«fcO  p.),  and   boiling   nt  2220  C.  (431.iP  V.)  ; 
hydrochloric  and  phosphcnylong   tu'idji.      It   <: 
the  tetrachloride,  C,l!j.r("l„    whieh   w 
with  hromint  to  form  CjHj.l'CljDr^  nivlting  al 
oxygen  to  form  the  o  x  y  c  h  I  o  r  i  d  e  ,  r,H,.PI  i 
ing,  with  partial  d<?compo»i(iiin.  at  2tJ0O  C.  (r><H>v-  i- 
form  (\H,.PC1,S,  a  liquid  botliug,  also  with  partial  'I 
C.  (51SU  ¥.). 

Phoaphenyloni  Aold,  f"    >'"i"> '1"    fri.ir.l   m  ati 
tinni'ii,  by  lb.'  ni'tlon  «i  water  mi  ll 
lmiiinn>.  rin'ltini:  at  VlOr.  (IfiW  F.'i 
P  b  oHph  «  iiy  I  i  r  ari  d  ,   (',11 
t«traphb>ndo,  cryiitallir.(<e  in  Ini.. 

Phenyl- phoaphlae,  r,t},.PII^ — I>ry  hjrdriotlic  acid  ki 


PHENYL    ABBENIC-OOMPOUNSB,    ETC. 


845 


>oillng»tl60OC.  (320OF.).    It  oxidiies  In  the  air,  forming  phosphonjrl 

xiite,  CgHj.l'lljO,  a  crj-Rtnlline  mass  i^asily  soluble  in  water.     I'lu'O.vl- 

ihosphiiio  iliMts  licit  dissulvi!  in  o>jutHjua  acids,  but  uniti'S  with  dry  hi/ilrtiijrn 

odidt,    furmiiig    ]>  li  e  uy  I  p  lios  )>  h  on  i  u  m    iodide,    C|Ug.rtljl,    from 

bJch  the  pliriiylpliospliiue  may  Iw  separated  by  water. 

//.  '/lAoit/iAine,  C,Hj.P(C,n5),  formed  by  the  action  of  rinc-ethyl 

Im  J  I  olilnridu,  and  troaliui-nt  iif  tho  product  with  caustic  soda, 

Ik  a  l■<M•l^l.■~^  -trong-amelling  liquid,  having  a  spwilio  gravity  of  O.St571  at 
|:io  C.  <ri7.'20  !•'.),  boiling  at  2:JV!0  i;.  (-i;il.tJ0  !•'.),  insoluble  in  wal.^r, 
kjIuVJh  In  acid,  but  not  forming  cryatallizaldc  salts.  With  ethyl  loilldo 
t  forms  t)i«  comiwimd  C,U(.P(C,UJ,I,  which  is  orystslUne,  and  easily 
lolable  in  water. 


Araenlo  Compotinds , — Artenlopheni/l cIdorIHe,  C(n,AsCI„  formed 
by  ttic  action  i>f  ar.sciinMis  clilorido  on  uiercury-diphenyl,  is  a  heavy  color- 
less liquid,  Ixiiling  at  •2rc.:0_2.55'^  C.  (485.tiO_J91'i  F.),  not  dewjmposwl  by 
ratitr,  soluble  in  alkalies.  It  unites  with  chlorine,  forming  a  reddish- 
ndlntr  licjuid  MraMorUU,  C.HjAsCl,,  which  is  decomiKeed  by  water  into 
lydmrhlnri"  and  pheny  larsin  io  acids,  C,UjAsU(OU)„  crystalliiing 
n  I.'  -  which  melt  at  1G80  c.  (334.4°  F.). 

A  ii/l  cfiloritJe,  or  lliKtiylcacodyl  chloridt,  (C,H^,A8C1,  formed  in 

m;ill  .|.iaLii.^y,  together  with  the  preceding  compound,  is  a  thick  oil, 
boiling  aliove  3tiiP  C.  (GflliO  F.),  not   decomposed    by  water.     It    unites 

ith  cA/ori'nr,  forming  the  trichloride,  (C,Ilj),.AsCl„  which  melts  at 
174^  C.  (343.3'^  F.),  and  is  decomposed  by  warm  water  into  hydroohlorio 
,oid  and  phenylcaoody  lio  acid,  (C,H,);AsO.0U,  which  cryatalliiea 
In  needles,  slightly  soluble  in  water,  melting  at  174°  C.  (345.2°  F.). 

Bllioo-phenyl  Componnds. — The  chloride,  C,H,SiCl„  obtained 
>y  heating  miTtury-<liplifnyl  with  silicic  chloride,  SiCl,.  to  30tP  C.  (572C 

'.),  ■-   •  ' (  which  fume's  in  the  air,  and  boils  at  197°  C.  (386.6°  F.). 

t    I  ~»d   by  water,  with   formation  of   silico-bunxoio    acid, 

D,n^  .  '   «■,  benzoic   acid   in  which    the   C   of  the  group   COOH   is 

^placed   by  Si.     With  alcohol,  the  triethylio  ether,  C,Hi.Si(OC,Hj)„  ii 

(Iwmed,  as  a  liquid  boiling  at  237°  C.  (458.t>0  F.). 

^Sfereary-diphenyl,  (C,Hj),Hg,  is  formed  by  heating  a  solntion 

■Mir  '1.!   in   lieiiifne  for  a  considerable   time  with  liquid  sodium- 

^^^  ii<«ction  b..ing  facilitated  by  adilition  of  a  little  acetic  ether. 

^^-  .-..:,  in  colorless  rhombic  prisms,  m.-lts  nt  12(iO  C.  (248°  F.),  and 

iblimed  ;   turns  yellow  on  exposure   to  the  air;  dissolves  easily 

and  carbon  sulphide  ;  less  easily  in  ether  and  in  alcohol  ;   not 

at  ail  in  wat«r.     When    distilled  it  is,  for  the  most  part,  decomposed  into 

diphitnyl,  lienzene,  ami  mercury.     Acids  decompose  it,  with  formation  of 

briiM-nn   and   mercury  salts.     When  treated  with    two  molecules  of  chlo- 

nne.  bromine,  or  iodine,  it  is  decomposed  into  monuchlorobujizene,  etc., 

■  •  Ualogon-compound  of  mercury  ;  e.  g. ; 

(C,ni),Hg   +   2C1,  <.  2c,n5n   +   iiga, . 

with  one  molecule  of  the  halogen  element,  haloid-compounds  arc  formed, 
■••'1  which,  by   the   artiim  of  moisi    silver    oxide,  the  hy- 
il.  Is  formed,  a  irystallinc,  strongly  alUaliuc  compound 
Ilia  from  atomonliim  salts. 
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Amid«-tolu*n€*, 

TheM,  likt-  other  tolneoo  deriratirrs,  aiimit  of  met&ineric  mofiflcathlH, 
aooording  u  the  NH,  group  u  situatud  in  the  priucip&l  ur  the  Utenl  cluiit 
(p.  813). 

Tolnldlna,  C,n,N  =  C,II.(Nnj.CH,. — This  htse,  homologonf  irith 
aiiiliiio,  rxhibitii  the  threu  moliiicatiuus,  urlhi>-,  meta-,  and  para-,  whiiJi 
arc  olitaiiiiMl  by  roduotiou  of  the  three  oorreapoodiug  utrotolaenct, 
C,U.(NO,).CH,. 

Pnra-toluidine  (ordinary  toluidine),C,.CHj.H.H.NH,.H„  fomu  larje 
colorless  tabular  crystals,  heavier  than  water,  rery  i>pariii^lr  sululile  in 
water,  easily  in  aloobol  and  ether.  It  melts  at  4iO  C.  (113-  F.),  boils  at 
lltHO  (.;.  (aii8.-K>  F.);  has  an  aromatic  taste  and  odor,  a  v>^ry  f«^ble  alk»- 
liuo  ronotion  ;  does  not  give  any  colored  reaction  with  chloride  of  lime. 
Jt  forms  crystalline  salts,  hut  is  a  weak  base,  incApabI>«  of  neutralizing 
sulphuric  acid.  With  acetyl  chloride  it  forms  aoet  oparatolu  idinf>, 
C,II/NU.C,H,0).CU^  a  cryaUlUue  compound  malting  at  1450  C.  (2M9 
F.). 

Ortho-toloidine,  also  called  Pifudo-loluidine,  is  a  calories!!,  neatnl 
liquid,  becoming  rose-oolored  on  exposure  to  the  air.  It  has  a  density  of 
I.IH)  at  ItjO  C.  ((jO.gO  K.),  boils  at  19U.50  C.  (39(1.20  F.),  and  does  not 
solidifv  at — 20O  C.  ( — 4°  F.).  Ito  aoetylHlerivalive  melta  at  lUTO  f. 
(±i4.Gb  F.). 

Meta-tolnidlne,  trom  metanitmtolnene,  is  a  colorless  liquid,  of 
■pociflo  gravity  0.998  at  150  C.  (.'iiW  F.),  boiling  at  197°  C.  (386.t!0  F.), 
not  golidifvinii  at  —  130  C.  (8.UO  F.).  lU  acetyl-derivative  melta  at  65.50 
C.  (149.!tOF.). 

Commercial  toluidine,  from  aniline  works,  is  a  mixture  of  ortbo-  anil 
p'lrn-toluidine,  the  latter  of  which  partly  crystalliies  out  on  cooling  to  i 
low  temperature.  To  separate  the  ortlio-toluidiue  from  the  still  di$^i>lvcd 
pnra-modiScatiim,  the  liquid  is  hentod  with  glacial  acetic  acid,  wlierrbf 
the  two  bases  are  converted  into  aoetotoluides  ;  these  are  dissolved  in  gtroug 
aootlo  aoid,  and  the  solution  is  dilated  with  8U  parts  of  water,  wher«l</ 
the  aoetoparatoluido  is  precipitated,  while  the  acetorthotoluide  remains  in 
solution  :  or  the  mixture  of  the  two  l>ases  is  hcatoil  suce<asiTely  villi 
oxalic  acid  and  ether,  whereby  an  oxalate  of  paratoluidine  is  first  sepa- 
rated, the  ortho-salt  remaining  dissolved. 

Benmylamlne.    C,Hj.CH,(NH,),  or  NH,fC,ri,) This   wmpomid, 

mft.iMicrio  Willi  toluidine,  is  obtained,  together  with  fiihrHztitcmini, 
Nll(C,ll,)j,  and  /riA»i;v/amin(!.  N(C,H,)„  by  the  action  of  alooholio  ainmoula 
on  ben«yl  chloride,  CjUj-CHjCl  (p.  826). 

Beii2ylamino  is  a  colorless  liquid,  iMiling  at  I860  p.  (3(i50  p.).  It 
mixes  in  all  proportions  with  water,  and  is  separated  therefrom  by  potash. 
It  is  a  much  stronger  base  than  toluidine  ;  atjsorbs  carlwn  dioxiie'  rapi.lly, 
forming  a  crystalline  carbonate  ;  unites  readily  with  acids,  produiiuji  riso 
of  temperature;  and  fumes  with  hydrochloric  acid.  The  hvdrorhloriila 
cryatalliiea  in  slriaU'd  tablea  ;  the  platinochlorlde,  2NH,(C,H^')Cl.Pta„  in 
orange-colored  lamiiuo. 

Dibenii/laminr,  (C,H,),NII,  is  a  colorless  viscid  liquid.  Ingot iiMo  In  water, 
easily  soluble  in  alcohol  and  ether  ;  having  a  specific  cravity  of  1.033 
140  C.  (57.30  F.).  '  o        1"  b  / 
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7ri!>«itx*J!amine,  (C7H,),N,  forma  wlorless  needles  or  laminie,  melting  at 

lO  C.  (1H5.SO  F.)i  insoluble  in  water,  slightly  boIuWo  in   i<ild  alcohol, 

Mil^  in  hot  alcohol  aiid  in  ether.     It8  hJ■^!roc■lllori^l(^,  hi-attKl  in  a  stream 

'  dry  hydrogen  chloride,  is  resolved  into  benzyl  chloride  and  the  hydro- 

eliloride  of  dihenzylamino. 

Dlamidotoluene*  or  Tolylene-dlamiaes,  C,H,(NIT^,. 

CH,. — The  miwlifirutlon  1:2:4  (CU,  in  1),  ubtained  by  n-diiotion  of  diiii- 

[fcptolnine  melting  st  70.5°  C.  (158.!>0  F.),  with  tin  and  hydrochlorio  aeid, 

stalli/».s  in  long  needles,  melts  at  9DO  C.  ('210.20  p.),  and  Iniila  at  2S0O 

(530O  F.).     1:3:4,  obtained  by  rMluotion  of  metauitro-jiaratriluidino, 

torma  colorless  scales,  melting  at  88.60  C.  (191.30  F.j,  boiling  at  2ti50  C. 

(S09O  F.). 


MetaxyUdine.  C,H„N  =  C,H,(NH.,).(CH,)„  Cnmldlne,  C,H„N,  or 
By  C,H.(.NH,).L-,H„  and  Cymldlne,  CioMijN,  or  f,oll|3(NH,),  ho- 
witli  toluidine,  are  obtain.Ml  in  like  manner  by  ri'diiction  of  the 
onding  nitro-derivativea.  Xylidiue  boils  at  2140-21GO  C.  (41 7. 2^- 
420.SO  F.)  ;  cnmidiue  at  2250  c.  (437°  F.)  ;  cymidine  at  250^  C.  (4S20  F.). 
Xylidiue  and  ciuuidiue  form  well-crystallized  salts. 

MesidlneorAmldomositylene,  C,H,(CH,),.NH,  (the  three  CH,- 
{roapa  symmetrical,  1:3:  B),  is  liquid.  7\ itroniesuliHe,  C,1I|,(N0,)(NH,), 
melts  at  lOlP  ;  diamiJonesiti/lme,  C,Hio(Nn,)„  at  itlO  C.  (194°  F.). 

Zylylamlne,  C,H„N  =  NnjC,n,=  r,H,(CH,).Cn,NH„  homologous  with 
benzylamiue,  is  obtained,  together  witli  itUytyUimint,  NiI(C,n,),,  and  Iriiif- 
lyUtmine,  N(C,H,)„  by  heating  lylyl  chloride,  C',U,(Cllj).Cl!,.C'l,  with  aloo- 
bolic  ammouia  in  sealed  tulies.  These  three  bases  are  oily  liijuids,  smelling 
like  herriiig-pitkle,  lighter  than  water,  insoluble  therein,  easily  soluble  in 
alcohol  and  ether.  Xylvlamine  Imils  at  19(Jo  C.  (384.80  F.)  ;  dixylylamiue 
deoomposes  at  21(P  C.  (41(lo  F.). 

Cumi/Uimine,  the  9-carbou  base  metamerio  with  onmidine  and  homologoog 
with  benzylamine,  has  not  been  obtained. 

Oymylamine,  Cj^HuN  =  NH,(C,„n.,)  =  C,H,(CH,).CjH,(Nn,),  la  ob- 
taincxl,  tugether  with  at-  and  tri-ct/mylandne,  by  heating  cymyl  chloride 
with  alcoholic  ammonia  in  sealed  tubes.  Cymylamine  and  dicyinylaniine 
are  oily  liquids,  boiling  with  dewmiposition,  the  former  at  280^  C.  (53G<J  F.), 
the  latter  above  300°  C.  (.^7*20  F.).  Trin/mi/lmnine  crystallizes  in  rhom- 
boldal  lamina,  melting  at  B1Q-820  C.  (177.80-179.00  F.). 
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Aniline  has  during  the  last  few  years  found  an  extensive  application  in 
the  arts,  a  lung  series  of  coloring  matters  unequalled  in  brilliancy  and 
heaaty  having,  by  the  action  of  dilferent  oxidizing  agcnt.i,  be<>n  prn- 
dueed  from  it.  It  was  Mr.  W.  H.  Perkin  who  first  conceived  the  happy 
idea  of  applying  praoticilly  the  well-known  prn|)erty  jiosseKsed  by  aniline, 
of  forming  violet  and  bine  solutions  when  treated  with  a  solntion  of  chlo- 
ride of  lime  or  chromic  acid.  Ho  sucreeiled  in  fixing  these  oolora,  and 
bringing  them  into  a  form  adapted  for  the  dyer. 
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An  nine- purple  or  Ma  uve,  the  first  di}- 
dyi«  0'^''^'}i  '*  f>ii'i):in?(i  liv  mixing  snlutions  of  anili; 
■ium  bichruiaat«  iu  «iiiiTali-iit  prnportioiiit,  and  alt< 
glsiui  for  several  hours.  The  black  pri«-iptt.i|f  fort 
purifii"!  from  a<iraix«d  potaSKiiiru  sulphatf  by 
thi-n  dried  and  freed  from  rtwinoun  niattrr  by  r 
tur  naphtha,  and  Anally  dissnlvod  in  )>»iliU),'  al' 
ficalicjii,  thi?  alcoholic  solution  ie  evaporated  !■ 
diKSolvvd  in  a  large  quantity  of  builin;^  urator,  t. ,..  .,... 
Bo<{a,  washed  Willi  water,  and  di»soK'(«l  in  al>-<ihoI ;  ami  ' 
tion  is  cvaimrated  to  dryness,  Mnnvc  thu»  preparixl  for 
jilnnco,  having  a  beautiful  l>ronie  colored  snrfaw  :  it  is  ■'. 
in  cold  water,  although  it  imparts  n.  deep  purple  color  to  '. 
more  Bolnble  in  hot  water,  vcrysoluiile  in  alcohol,  nearly  i> 
and  hydrocarbons;  it  dissolves  in  (vini;entr!it«:Hl  acetic  a*  i 
crystalliips.  Mauve  is  the  sulphate  of  a  ba«e  CJilKvl  m  >  u  >  •- 1  m  n  , 
the  comixwition  C^I'stNt)  '^"'^  capable  of  (onning  crystiUlIne  ••It* 
acids. 

Aniline-red,  RosaniUne,  r„n„!?,  (or  r^n„N,).— Salu  of  Utii 

base  occur  more  or  less  pure  iu  commerce  undrr  the  names  rr  ic in  i  _ /wrkam 
muyrnla,  azaltitK,  etc.     A  red  color  had  b/*en  obsorvetl  at  dilFon^tit  UauaU 
experimenting  with  aniline,  more  eaiK-cially  when  that  aulfstano!  < 
gesled  with  Dutch  li<}uiil.     The  red  coloring  ninller,  though  atill 
was  first  obtained  in  a  separate  state  from  the  pro^luct  form<«i  liy  i 
anilino  with  carlxm  tetrachloride  at  15(10  f.  (30:>O  K.),  in  which 

.  it  is  formed,  together  with  triphenylguaaidino.     Ver-nin  /Is'.'ii  ilr 
pared  it  on  a  large  scale  by  the  action  of  stannic  1.1 
and  it  has  since  been  produced  by  the  action  of  mtircii 
and  many  other  oxidizing  agents,  upon  aniline.     The  w 
mo<)e  of  preparation   is  the  following:  A  mixture  of  12 
araenio  acid  which  occurs  in  commerce,  and  10  parts  of  0 
to  1200  or  1-JOO  C.  (25(io_2840  F.),  with  addition  of  wal 
hours.     The  product,  which  is  a  hard  mass  having  the  In-.   - 
dissolved  in  hot  water  aiid  pri-cipitated   by  a  jlight  exi-  - 
precipit.ite  when  wash<.>d  with  watvr,  and  dissolvcil  in  a 
the  rosoino  of  commerce.     In  order  to  purify  this  still  cm 
Is  boileil  with  an  excess  of  soilii,  to  separate  any  aniline  t. 
tain  ;  and  the  wash>.vt  prwipitnte  is  dissolvivl  in  very  dilutu  bai^«.« 
filtered  from  undissolved  tarry  matter,   and   rrprcclpltatiti   with 
The  comjMiunds  of  rosauiline  with   oni<  moleeuin  uf  acid  arc  twjil 
crystallizett  substances,  which    in   the  dry  st.ilu   have  a  preen  oat 

golden  lustre  ;  with  wat<?r  they  yicM  a  very  liit'"--''- -' '  - 

The  free  base,  first  oblninnil  by  Nicholson,  pr. 
tallino  plates,  insolubli'  in  water,  s«lublH  in  nK 
color,  which  it  also  ac<|uires  on  exposure  to  the  air. 

Itossniline    in    the   anhydmus    atalo    ia    reprmentivt    by    thi>    fr<Tailb>i 
CjglI|,N|.  and   in    the   hydraliil   slato,  ^mh    as   it  a-^tuni'  ••i 

from  its  oniniKiunds,  by  the  formula  C'3„H|,.\',.II,0.      It  is  a  i  .  , 

of  foruiiug  mononcid,  biaciil,  and  tri.vid  salln.     Tl>'  li  r/  nm- 

mer«v*  are  monoaeid  salts  of  n»aniline,  more  or  le^  .  b#  a^wtAte. 

which   is  chiefly  found  in  l^omme^t%  In  }■■■■>■■■'    1  '  >— 

Nicholson   in  splemlld  crystals  of  very 

I  the  uon(p««iiion  I  ,„ll„N,.i:,H,0,.     tn  Kr.t. 

i  HCI,  is  chiefly  ejtiployed.     The  action  of  n 

Mine  gives   rise   to  Iruram'linii,  C„Il„Nj,  a 

I  Atom*  of  by<lM);«n.     This  base  is  lUelf  ixilurlu*.,  iud  ianum  .oUf  Jma  in* 


Oxidizing  agrnta   reoonv^rt 


.     »itl 
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salts,  snob  aa 
jline 
Thts  molecular  oonstitulion  of  roaanilinc  boa  not  been  diHtinclly  made 
i,  and  there  is  even  somu  ilonbt  (as  alxive  indicated)  with  ri-spcot  tf>  its 
irical  fonuula.  Its  mode  of  forimttiou,  also,  Ib  not  titorouglily  undor- 
but  one  very  imjiortant  fact  baii  bet'U  bruut;bt  to  light  by  the 
14  of  Hofmann,  and  confirmed  by  the  exi>erieiieu  of  mauiifacturers 
ily,  thai  pure  aniline,  from  whatever  liource  it  way  be  obtained,  ia 
ible  of  furniabiug  aniline-red.  Commercial  aniline  prepared  from 
coal-tar  alwayii,  in  fact,  eoutuinii  toluidine  aa  well  aa  rtniline;  and  iluf- 
Btann  baa  shown  that  the  presence  of  this  base,  to^etber  with  aniline,  is 
•■ratial  to  the  formation  of  the  red  dye.  Taliiidiiiu  by  itself  is  just  aa 
inoapablo  of  yielding  the  red  as  pure  aniline,  but  when  a  mixture  of  pure 
aniliiiii  and  pure  toluidine  is  treated  with  stauuie  or  mereurie  chloride,  or 
with  arsenic  aoid,  the  red  coloring  matter  is  imiueiliately  priKluced.  If 
formula  C„UuN,  bu  uorreot,  the  formation  of  rosauiliue  may  perhaps 
repraseuted  by  the  equation  : 

=    C„H,.N,    -f     3H, ; 


C,H,N 
Aulltae. 


+     2C,II,N 

TolUidlQO. 


RoanDilluu. 


and  Its  straoture  by  the  formula  : 


C,H«<C 


CH,.C,H,.NHv 


or  c.ii,(NH,)<^;;j:j^;];-»> 


Bat  rosaniline  ia  converted  by  nitroua  acid  into  anrin  or  rosolic  add, 
which,  according  to  the  recent  exporiineiits  of  Dale  and  Si-horlemnier,* 
baa  the  composition  C»H|,t),,  and  is  reconvertwl  into  msaniline  by  beating 
vilh  alcoholiv  ammonia.     According    to  this,  rosaniline  shouUl  have  the 

^^knniUa  (^iDiI(7Ng,  the  two  reactions  just  meiilioiuxl   being  represented  by 

^^Bt  eqaatioDs : 

^K'        C,H„N,    +     3N0,n    =    C„H,.0,    4-     3n,0    +     3N,  , 


C»n„0,    4-     3NH,    = 


+     3U,0 . 


Aniline  Blue  and  AhiUae  Violet. — fJirard   and  Pe   Lairo  obtained 

iline  blue  by  digesting  nwaniliiie  v\nli  liu  eXhU'SS  of  aniline  at  15tlO-|B0C 

(rU©^*— '?2<i'5  F.).     Together  with    aniline   blue,  which    is   the  principal 

uct  of  the  reaetion,  several  other  coloring  matters  (violet  and  green), 

indifferent  substances,  are  formed,  conBiderntile  quantities  of  ammonia 

ng   invariably  evolved.     The  I'rude  blue  ia  purified  by  treating  it  suo- 

ively  with    boiling  water    acidified  witli    liyilrfK'liloric    acid,  and   with 

rare  water.     The  blue  coloring  matter  is  said  to  be  obtainwl  from  its  Iwil- 

ing  alcoholic  solution  in  brilliant  necdb-s.      It  consists  of  the  bydrochlo- 

of  Iri/ihmi/l-rotamline,    t'„n„(r,lljj.       By    heating    roanniliiio    with 

yl  io<lide,  Hofmann  has   obtained  an  aniline  violet,  having  tbo  compo- 

oa  of  hydriodide  of  Intlki/l-romniline,  C„I!„(C,Hj),N,.     Another  aniline 

Tiolet   is    prodnce<l   by  heating   rosaniline  with  a  quantity  of  aniliae  less 
than  sufflcient  to  form  aniline  blue. 

Othnr    aniline  violets  are  produced    by  tlie    action  of  stannic   chloride, 
rrcario   chloride,  or   iodine   chloride  on  methyl-aniline   and  dlmethyl- 
ne. 

•  Ctiam.  Soo.  Journal,  1877,  ToL  IL  p.  IS. 
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AnlUne  Oreena  — Tho  most  important  of  these  oolori  »n  tlioae  1 
as  ■■  alilelivilc  (;rwn"  and  '•  ioiline  prwn."  The  former  ia  prodaoMl 
adding  1^  p&rU  altlubyde  to  a  c«ld  solution  of  iua|rpnta  in  a  mixlumof  3 
pitrts  Ktrung  Hulpbiirio  acid  and  I  part  water.  Tlie  mixture  is  th'-u  kc^ata' 
in  a  watvr-bath  till  a  drop  of  the  pro<lurt  ditTniied  in  water  pnvloon  I 
fine  blue  ctdur,  and  then  poured  into  a  boiling  solution  of  aodiuui  thiotn' 
phate.  The  liquid  ia  then  boiled  for  a  short  time  and  filtered.  The  fl-' 
trate  contains  the  green,  which  may  be  precipitated  by  tauutn  ur  by 
sodium-acetate.  Aldehyde  green  is  principally  used  in  silk-dyeing.  It 
is  a  salt  of  an  organio  base  which  may  be  separated  by  means  of  wdi  or 
ammonia. 

Iodine  green  is  produced  by  heating  the  violets  of  triethyl-  or  trimethrl-J 
rosauilini!  (Ilofmann's  violets)  or  the  methyl-aniline  Tiolet«,  with  iudi<t*l 
of  methyl,  ethyl,  or  smyl.  The  green  thus  obtained  with  methyl  iodiil*! 
haji  a  Very  fine  color,  bluer  than  that  of  aldehyde  greeu,  and,  like  tbc] 
latter,  preserves  its  color  by  artificial  light.  It  is  much  used  for  coU 
and  silk  dyeing. 

A  third  kind  of  aniline  green,  known  oommercially  as  "  Perkin's  grMD,^ 
roaomblei  the  iodine  green,  and  ia  much  used  for  calioo-priuting. 

ChryBanlllne,  C„H„N,  (or  C„H,jN,  7),  ia  formed  as  a  seoondatyi 

duet  in  tlie  preparation  of  aniline  red.  It  is  a  well-deAned  base,  foraii 
two  aeric-i  of  salts,  most  of  which  are  well  cryst.-illizird.  The  two  hydn 
chlorides  of  chryaanilino  are  C„ll„N,.UL'l,  and  t\.jH,,N,.2UCI.  Th 
nitrate,  t'„II„N,.NOjll,  is  so  little  soluble  in  water  that  nitric  arid  may  I 
precipitated  even  from  a  dilute  solution  of  nitrates  by  mvaiu  of  the  I 
soluble  hydrochloride  or  acetate  of  chrysauiline. 

Aniline  Brown  is  obtained  by  heating  4  parts  of  aniline  hydracU»' 
ride  to  'JAiJ^  C.  (4t>40  F.)  with  1  part  of  aniline  violet  or  auiUno  blue. 

Aniline  Black. — Bl.icks  of  great  intensity  are  produced  on  calico  l>y 
printing  with  a  mixture  of  aniline,  putasiiiuu  chlorate,  and  a  metallic 
compound — the  one  most  generally  usc<i  being  cupric  sulphide.  The  coB- 
position  of  aniline  black  is  not  known,  neither  is  its  nioile  of  foraiatioi 
well  understood  ;  but  it  appears  to  depend  upon  oxidation  of  the  sniUn* 
by  the  chlonito  and  the  cnprio  etilpliide,  these  ooiU]x>und8  being  tbcrebf 
reduced,  and  afterwards  reoxidixed  by  the  ozygeVi  of  the  air,  so  that  ibfj 
act  OS  carriers  of  oxygen.  The  finest  black  is  obtained  with  vauadluB 
■alts,  which  ea-sily  undergo  oxidation  and  reduction. 

Aniline  also  forms  coloring  matters  with  xylidine.  X t/lidine-nntaalim, 
produced  acconling  to  the  equation  C,U,N  +  2C,H„N  =  CgU^N,  +  SB, 
forms  salts  of  a  fine  oriuisun  color. 


AZO-  AND  DIAZO-COMPOUNDS. 

These  compounds  are  derived  from  the  aromatic  hydrocarbons  byioliitl- 
tution  of  2  atoms  of  nitrogen  for  2  atoms  of  hydrogen,  the  nitrogen  ipp»- 
renlly  acting  as  a  univalent  radicle.  In  the  azo-iximiionuds  the  two 
nitrogen-atoms  are  united  to  one  another  by  a  part  of  their  ivmblnln)! 
capacities,  and  each  is  directly  combined  with  the  carbon  of  a  benieor- 
residue ;  thus  : 


II 
AzobcDxeoe. 


AZOBENZENK. 


^N— C,H, 

Aioxybeuxpue. 
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HN— CjH, 

II  N-T.U, 
Uytlrazobcuxene. 


In  the  diaao-oompounds,  only  one  of  the  nitrogen -atoms  a  directly 
llnVevJ  to  the  carbon  of  a  bt-nit-ne-ri^sidue,  while  Ihu  fr*^  oorabininK  unit 
of  thir  'AhvT  is  Balisfied  citht-r  li.v  a  ha1nf;''"-«^l''''>pnt  or  by  an  acid  rusidue, 
or  geueraily  in  some  way  different  frum  tUti  first ;  tUua  : 


N— C.H. 

N— Br 

DlnzohcnteDe 

brouiiila 


N-C.H, 

II 

N— NO, 
Dtaxolieniene 
nitrate. 


N-C,H, 

k-NH(C.HO. 
l»niot>i*uKeue- 
•iuiiJul>«iiwoe. 


ie  aio-coiDpounds  are  formed  :  1.  By  the  action  of  wrtain  rednring 
g^ents  on  the  nitro-drrivativBs  of  the  aromatic  hydrocarbons  ;  2.  By  oxi- 
laCirja  of  aniline.  They  may,  indeed,  be  regarded  as  Btepping-stonea 
from  the  nitro-  to  the  amido-derivativea,  as  shown  by  the  following 
lortatilai : — 

EqutTKlent  MolecuUr 

formulsE?.  formulir. 

Nitrobenzene        .  .  rjHjNO,  .  .  C.HjNO, 

Aioxybenzene      .  '  .  C,U5N0^  .  .  C„I1,„N,0 

Axobenzi-iie            .  .  t',lljN  .  .  C,,11,„N, 

Hy(lrazob«>ntene  .  .  C,H,N  .  .  C|.,M,,N, 

Amidobenzenu      .  .  C,I1,N  .  .  C,II,N. 

be   hydrogen  of  the  Iwniene-nucleus  in  these  bodies  may  be  partly  re- 
|>la43«!d  by  tiie  ha1oj,'t<n-«leiQeut8  and  the  groups  NO,,  Nti„  Bo,H,  eto. 

A  soxy bensena,   C„H,,N,0,   or   Azoiybemide,   is   formed   by  the 

tiou  ol  i>oljuili  or  mmIh,  or  of  smltum-amalgiiin  on  nitrobenzene  in  alvo- 
holic  solution.  Nitrolwniene  (1  vol,)  is  dissolvi-d  in  8tron)(  alcohol  (b-IO 
Vol.)  and  a  quantity  of  dry  potassium  bydruxidv,  ci^ual  in  weijtlit  to  tUe 
»iitrol»eniene,  is  added  ;  the  liquid,  which  bewimes  lie'ited  spontaneously. 
Is  h><>il«iil  for  Koiue  time  ;  the  alcohol  is  then  distilled  olf  till  the  residual 
liquid  Rejiarate-s  into  two  layers  ;  and  the  upper  brown  layer,  which  cnn- 
laitu   the    azoxy l>enzene,  is  wo-shed  with  water,  whereupon  it  solidifies  to 

crystalline  mass,  which  is  recrystallized  from  alcohol. 

Awxybeniene  forms  long,  yellow  needles,  insolnlile  in  water,  easily 
soluble  in  alcohol  and  ether.  It  melU  at  3(>0  C.  (!)6.8C  F.),  and  is  decom- 
posed by  distlllAtion  into  aniline  and  azobenzene.  By  reducing  agents  it  is 
eonverled  into  azobenzene  and  hydrazobenzene.  It  yields  two  ra<inonitro- 
derivativft?,  one  melting  at  1430  c.  (289. 40  F.),  the  other  at  41>0  C. 
(120.aO  v.). 

Asobenxene,  C,|H,„N,,  A:ohm:i'f)f,  is  formed  by  the  action  of  Iron 
Uid  acetic  aciil,  or  better,  of  8odium-iimal);am,  on  nitrobenzene,  tin  he.it- 
lug  the  products,  the  azobenzene  distils  over  as  a  yellow  oil,  which  solidifies 
in  the  receiver,  while  azoxybenzene  remains  behind. 

Aaobtinzene  ervslallixt>8  in  large  yellowish-red  laminie,  sparingly  solnble 
In  !■  '  '   alcohol   and  ether.     It  melU  at  (56. , lO  C.  (1.51.7°  F.) 

an'  I".  (5.59.40  p.).     By  the  action  of  ammonium  sulphide 

»n<l  .......  .■ ....    .1^;  .igents,  it  is  converl4>d  into   hydr azobenzene   and 

Ih*  iaoiiierii"  compound  benzidine.  With  bromine  it  forms  (he  mm- 
|»iund  •'ijH,o''''i^i.  "r  Cjllj — BrN — NBr — CjH,,  and  with  nilrio  acid  a 
iBMio-  and  a  dinitro-derivative. 


DIAZ0-C0HPOUND8. 


Amidazobensene,  or  AmIdodiphenyUmlde,  C„H,(NH,)!?,  b 
C,Uj — N_N — t',U,(NH,). — This  coiupuund,  which  forms  the  chief  ocn- 
(titurat  of  oorainercial  uuline  yellow,  is  prodauid  by  the  action  of  tin- 
moniamsnlphideonnitro-axobcnzenp,  and  bya  molM'alartraiuformationof 
UieiAaraericooinpoanddiaxo-amidobcnuMie,C,Uj — N~N — NH(C(ll^,whic!i 
takes  ptaoe  when  the  lattL-r  i^  left  in  contact  with  alcohol  and  aniliu 
hydrochloride  ;  also  by  the  action  of  sodiom  stannate  and  other  oxidiitai 
a^nts  on  aniline. 

Amidaiobensene  crystallizes  from  hot  aloohol  in  yellow  rhombic  needles 
or  prisms,  sparingly  soluble  in  hot  wat«r,  melting  at  I27.40  C.  (261.3r™ 
F.)i  *'xi  sublimable.  It  forms  crystalline  salts  containing  1  eqairaleil 
of  acid,  yellow  or  violet  in  the  solid  slate,  decomposed  by  wat«r.  By  dii 
tillation  with  sulphuric  acid  and  manganese  dioxide,  it  is  oxidized  to  qut 
none,  C^lf  ,0,.  By  the  action  of  tin  aJid  hydrochloric  acid,  it  is  resolTei 
intd  aniline  and  diamidobeniene. 


k 


Diamid-asobensene,  or  Diphenine,  C„I1,CNH,),N,,  formed  by  r(dn» 
tion  of  Utuitro-aiobeuxt-ut.'  wiUi  auiuiouium  sulphide,  is  a  yellow  crritj' 
line  base,  dissolving  with  red  color  in  acids,  rusolved  by  reducing  agsDtii 
into  two  molecules  of  diamidobenaene : 


C„a,(NHO^,    +    2E, 


2C,H.{Nno,  . 


HydrsBobABBene,  C„H,,N^  formed  by  the  action  of  ammanium  sol- 
pbi'lt.'  <ir  sodium-amalgam  on  azobeniene  or  aioxybenzene,  crystallixi  ia  | 
large  plal««,  having  a  peculiar  camphoroua   odor.     It  dissnlrn)  easily  ll 
aloohol  and  ether,  but  is  insoluble  in  water :  melts  at  131°  C.  (267.SO  fJ). 
In  cnntact  with  dilute  mineral  acids,  it  is  easily  oonvert>xl  into  tl><>^  i 
meric   compound,    benzidine   or    diamidodiphenyl,   NH,.C,H, — L\U^ 
(see  DipuEXTL  Covpocxns).     By  the  action  of  oxidizing  agents,  or  by  con-l 
tact  of  its  alcoholic  solution  with  the  air,  it  is  oonTert«d  into  aiobeniaM>.| 
By  distillation  it  is  resolved  into  aniline  and  aiobenzene. 

DioModkgdnuaieRzait,  C,,[!,g(NH,),N,,  prodaoed  by  the  action  of  rodinm- 
amalgam  on  metanitraniline,  forms  yellow  needles  melting  at  14U^  C. 
(284C  P.). 


Amotolaene,  C„H„N„  formed  by  treating  an  alcoholic  solntion <i(1 
nitrotolaene  with  scxiinm-amslgam,  with  occasional  addition  of  acetic  *Al 
cryatallixes  in  orange-red  shining  needles,  which  melt  at  1370  C.  (27N*'! 
P.),  and  sublime  without  decomposition.  It  is  insoluble  in  water,  dilnWl 
acids  and  alkalies,  but  dissolves  easily  in  aloohol  and  ether.  Treatsdil  j 
alcoholic  solution  with  sodium-amalgam  or  ammonium  sulphide,  it  ii<n'J 
verte<l  into  hy  drsio  tol  uene.  CnH^N^  With  bromine  it  yields  »^ 
crystalline  addition-product,  C,,H„Br,N,. 


Diaxo  CompOiiiida. 

These  onmpounds,  the  struotnre  of  which  has  been  already  eipUlnrfi 
are  formed  by  the  action  of  nitrons  acid  on  the  salts  of  the  amido-dsn'VJ 
tives  of  the  aromatic  hydrocarbons  ;  thus : 

-f     NO.OH    =    CjHj.Nj.NO,    -f-     20,0, 


C,H,NH,.NO,H 
Aalline  nitrate. 


=     C.Hj.Nj.NO, 
DlaiohenzeDS 


oitrste. 


DIAZO-COMPOUNDB. 

»T«,  however,  snmewUal  nustitble,  and  aro  apt  to  be  decomposed  by 
,  Ji&tcr  resulting  from  tlui  reaction,  i-sputiailj'  if  the  licjuid  id  hot,  with 
ilatiun  of  uitrugen,  and  formation  of  li^-drox,vi-deriTativeii,  i.  «.,  phenols : 


r,H,.N,.Ni>,     +     U,0 
Diazobcnzva« 
Bilr«te. 


(•,H,.OH     +     N,     +     NO.U, 
Fbtfuol. 


the  final  result  bi-ing  the  aani«  as  if  the  nitrous  acid  acted  on  the  aromatic 

«i<lo-<»aipound  in  the  same  way  that  it  acts  upon  the  auiineti  and  amides 
the  fatty  series  (p.  WO): 
C.Hj.XH,    +     NO.OH    =    C.Hs-OU    +     U,0    +     N, . 

A  better  mode  of  preparing  the  diazii-coiuiMuiid  is  to  add  solution  ofpotM- 
tiam  nitrite  to  a  solution  of  the  awido-coui<x>uud  in  nitric  auid : 


C,ll4(NIl,).NO,ll 


4-     NO,K     4-     NOjH 
,N,.NO,    +    NO.K    + 


2H,0, 


^^Hmido-componnds  in  which  the  hydrogen  of  the  Nil,  group  is  partly  S" 
^^kDlly  replaced  by  alcohol-radicles,  generally  yield  the  aaiue  diazo-oom- 
^|kD<is  as  the  original  amido-derivatives,  the  aluohul-radictes  being  sepa- 
^Bed  in  the  form  of  alcohols  : 

^C,II,.NIl(C,IIj).N<l,H  +  NO,H  =  C.Hj.Nj.NO,  -f  C,H,OU  +  11,0 
Elhylaailine  nllr/tt*.  UlHiobrnzene 

uitrile. 


C.nj.N(C,H>),.N'n,H 
<  Otethjrl-oalllDe  nitrate. 


+    NO,H    =    C,H4.N,.N0,   +    2C,H,0H, 


,  on  the  contrary,  ia  which  the  hydrogen  of  the  beniene-nnolons  U 

fvplaced  by  CI,  Br,  NO„  etc.,  yield   substituted  diazo-oompounds, 

as  C.I1,C1.N,..\<)„  C,H,(N0,).N,."N()„  etc. 

^hen  uitrnus  acid  acts   upon  an  amiilo-corapouud  in  tha  free  state  in 

bholio  or  ethereal   solution,  tho   produot  is   a' diaio-amido-oom- 

md;   thus: 

N— C,H, 
a(C,H,.NU,)    -f    NO,H    =11  4-    2H,0, 

Aniline.  Dlazo-ftmiUubeozene. 

j_^otinA«  are  also  formed  by  the  action  of  amines  or  their  salts 
lof  diazo-oompoands : 

;n,.X,.NO,  +  2(C,U,.NH,)  .  C,H4.N,.Nn(C,HJ  +  C,H,N.NO,H 

0,H,.N,.OK  +  C.n5.(NH,).nci  =  C,nj.N,.NH(C,nj)  +  KO  4-  H,0. 

By  this  reaction,  also,  mixed  diazo-amido-componnds  may  be  obtained  ;  for 
example  diazotoluene-amidobenzene,  C,n,.N,.NH.C,n5,  f™"'  toluidine  and 
a  salt  of  dia/obenzene.  <    i     j  •    a' 

In  like  nianner,  diazo-amido-componnds  may  be  formed  with  the  primary 
and  iecr.udary  ajujnes  of  the  fatty  series  ;  f.  g., 

C,Hj.N,.NO, 

Diaxobe'nzeoa 

nit  rata. 


2(r,H0,NH 
Diethylnmlne. 


C.H..N,.N(C,H5),  •+  (C.n,),Nn.NO,H 
Plnzobeniene-  'DlrthyUmloe 

dlethylsmloe,  altrnte. 


The  diaio-eomponnds    are   mostly  colorless   crvslalline   bodies,   which 

quickly  turn  brown  on  ex|ifwure  to  the  air.     They  dissolve  easily  in  water, 

sparingly  in  alcohol,  and  are  prenipitated  from  lhi>  alcoholic  solutions  by 

^ker.     Most  of  them  are  very  unstable,  and  decompose  witlj  explosion 
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when  heated  or  strnck.  They  inffer  deoompoaitJan  also  nnder  the  inflnesM 
of  the  most  rarioas  reagents,  generally  in  inch  a  manner  that  both  tbe 
nitrogen-atoms  are  eliminated  in  tbe  gastsoua  fonn,  and  the  diaio-givup  i> 
replaced  by  halogen  clemenU,  hydrogen,  hydrozyl,  etc. 

1.  When  boiled  with  ruler,  they  yield  phenols: 

CHj-N^Br    +    11,0    =    C,H(.OH    4-11,+     HBr. 
With  hylroytn  lalphide  in  like  manner  they  yield  mercaptans. 

2.  On  boiling  them  with  strong  tJeoM,  the  N,-group  is  replaced  tnr  hr- 
drogeu,  producing  beniene  or  a  homologous  hydrucarliuu,  while  the  afcoiwl 
is  oxidized  to  aldehyde : 

C,U,.NVSO,  +  CjUjOH  —  C,H,  +  N,  +  KO.H  +  C.U.O. 

3.  The  platinoeAlorida,  formed  by  combination  of  the  diazo  chlorida  with 
PtClj,  are  decomposed  when  heated  alone,  or  better  with  dry  sodium  cir- 
bonate  and  cominon  salt,  producing  chlorinated  hydrocarboni, 
which  distil  over : 

(c,H4.>-,.a),.Pta,  =.  2c,H»a  +  2s,  +  aa,   +  pt. 

4.  The  diazobromides  take  up  two  atoms  of  bromine,  forming  perhro- 

BrX— C.Hj 

midus,    such   as   Cgll^XjBr,  or  I  ,  which  arc  likewise  dn-via- 

Br.V— Br 
posed  liy  dry  diKtiUntion.  or  mori>  rt-ailily  liv  )>niliiif;  with  strmij;  ali-oIi"!, 
yielding  luuuubroiuo-dtTlvativcs  of  the  lirdrucarlxjiis  : 

C,n5.X,.Br,    =     C.II^Br    -f     Br,    -|-     X,. 

5.  The  suljiliates  and  other  oxy-salts  of  the  diaz»-c(>iii|iouii'ls,  U'il-l 
with  hi/ilriixlir  ariil,  yit'M  iod  iiie-deriva  ti  ves: 

r,H5.x,..so,n   +    III   =   (-,11,1   -I-    X,  +    .soji,. 

Diazo-<'oii,ii<>iindH  rontaininR  chlorous  radiclos  (TI,  Br,  \n.,  «>tc.)  in  tl.' 
Iwnzi-nc-Mtich'U.s  unilergu  exactly  bimilar  ilcciiniiHoition  ;   >■.  y., 

C-„ll,Br.X,.XO,     +     11,<)    =     r,n,.Br,()n     +     X,     +     N»>,H. 

Dinzo-bromnttonzcne  Bromophrnol. 

nitnitc. 

(Vt,n,.N,.Br,    =     r,Il,n..Br     +     Br,     +     N, . 
Dinzo-ilii'hloriilK'nzpne       Bromodtrhlo- 
porbrf>mldp.  rot>cnzeoe. 

The  reaction!*  1,  3,  4,  and  .">  afford  the  niennR  of  eonrortine  nn  aromiit^' 
aniido-derivative  (and  therefore  also  a  nilro-derivative).  thrnu::h  !)■• 
meilinm  of  the  diazo-rom|mnnd,  into  the  rorrespondinc  halo^'en-  and  tiv- 
Hroxyl-derivativi-s ;  and  this  nioile  of  fransfonnation,  known  a«  tIj' 
"diazo-reaction"'  serves,  as  already  shown  in  several  instan<-i-s,  to  d>>l>'r- 
mine  the  n-lative  [lositions  of  the  Hnhstituted  radicli-s  in  thi-se  derivativi-> 
(|..  S2:J). 

The  dinzo-ami<1o-eomponnds,  which  may  he  reparded  as  formwl  by  thf 
nnion  of  diazo-  and  amido-derivatives.  nndereo  similar  transforination<. 
They  are  Brst  resolved,  tinder  the  inflnence  of  hydrobromic  or  hydnN'hl<>rir 
aciii,  etc.,  into  their  components,  a  diazo-  and'  an  amido-derivative ;  th* 
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then  Bep&raUM  oat  either  in  the  tree  state,  or  as  a  salt,  and  the  dlszo- 
and  ia  traunform«l  in  tlio  inanorr  slxivt;  desiTilHii ;  thuK  : 


Hj.N,.NB(r,Uj)  +  2HBr  =  C^ijEr  +  N,  +  C,H5(NU,).UBr 
C,Hj.>',.NH(r,H.)  +    H,0  =  f.II/)!!  +  N,  +  C^H.-NH, . 

Dlamobeniene-componndB. — T)i«  niiraie,  (',H(.N,.NO„  is 
prrpariHl  t>v  piL-uiiig  nitrous  acid  vajior  into  a  flask  containing  aniline  ni- 
tntr  luoiatennl  with  a  ainall  qaantity  of  water  and  coolod  with  ire,  till 
thr  whole  ia  dissolred,  and  the  solution  no  longer  yields  aniline  wlii'n 
mixed  with  potash.  On  filtering  the  liquid,  and  adding  alcohol  and  ether, 
tl>e  diazniieniene  nitrate  geparatea  as  a  crvRtalline  moss,  wliirh  may  lie 
purifiril  by  redissolutiou  in  a  small  quantity  of  cold  water,  and  precipita- 
tion by  alcohol  and  ether. 

[Haiolx'nieiie  nitrate  forms  long  colorless  needles,  extremely  soluble  in 
slightly  soluble  in  alcohol,  insoluble  in  ether  and  in  Itenzene.      It 
»bly  permanent  when  dry,  but  gradually  turns  brown  on  exposure 
oist  air.      It  explodes  vioU'nlly  when  healed. 

ntlfthule,  C,H,.N,.S<J,H,  is  prepareri  by  pausing  nitYons  acid  Into  anl- 
1  mlphate  disiolved  in  water  conliiiniii);  sulphuric  acid,  or  better,  by 
sing  the  nitrat<-  with    sulphuric  aciil.      It  rorms   colorless  nee<tles 
I  easily  soluble  in  water,  exphKlIng  at  KKi'-', 

lidr,  (',Hj.N,.Br,  separat(«  in  white  lauiinw  on  gradually  adding 
dissolved  iu  ether  to  an  ethereal  solution  of  diazo-araidoben- 
t«De  wbil«  tribromauUine,  which  ig  formed  at  the  same  time,  remains  in 
solution. 

The  ptrhmmidr,  C,Uj.N,.Brj,  U  formed  by  mixing  an  aqueous  solution 
«f  the  nitrate  with  a  solution  of  bromine   in   liydroliroitiie  acid  or  sodium 
^pmide,  and  separati^s    as  a  dark-brown  oil,  which   schiu   solidities   to   a 
^Hatalline  mass.     When    retTystalUzixl    by  Kulutioii  in  cold  alcohol,  and 
^■pid  evaporation  in  a  vaouum,  it  may  be  obtained  in  large  yellow  luniina>, 
iiui>luble  in  water  and  ether,  moderately  soluble  in  cold  alcohol.     By  pro- 
longed washing  with  ether,  it  is  converted  into  (lie  monobrouiide. 

The  ckliiride,  C,Hj.N,t"l,  is  obtained  iu  solution  by  agitating  a  solution 
of  the  bromiile  with  moist  silver  chloride. 

IJhe  platinocUoridf,  (C,HjN,f"l)jrtCl,,  is    precipitated    in  yellow   prisms 
••dding  a  solution  of  platinic   chloride   to  a  solution  of  the  nitrate  or 
jpliate. 
9iatnhrntrnf-]^(unim,  C.Hs.Nj.OK,  separates  on  adding  caustic  potash 
k  solution  of  the   nitrate,  as  a  yellow    liquid,  which,  when   evajxirated 
m  the  water-bath,  crystallizes  in  white  nacreous  lamtuffl,  easily  soluble 
water  and  in  alcohol.     The  aqueous  solution  quickly  dcconi|)(j«eii,  and, 
when  mixed  with  silver  nitrate,  yields  a  gray  precipitate  of  (',ll,N,.OAg, 
anA  similar  precipitates  with  mercury,  leail,  zinc,  and  other  metals.     On 
^■jling  ao-tic  acid   to  a  solution  of  the  potassiuni-coinpound,  a   heavy  oil 
^Hprecipitated,  probably   oousistiug  of  diazobenzene    hydroxide, 

DUso-amldobensene,  C,Hj.N,.Nn.C,Hs,  la  formed  by  the  action  of 
nitrous  aciil  on  aniline  >iissolv«<l  in  alcohol ;  also  by  mixing  a  solution  of 
^nb.-nzene   nitrole  with   aniline  ;    and   by  grailnally  ptiuring  a  astled, 
;htly  alkaline  solution  of  sodinui  nitrite  on  aniline  hyilroihloridc.     It 
stallizes  in  golden-yellow  shining  luiiiina-,  melts  at  91'^  C.  (l'.»5.80  F.), 
detonates  at  a  higher  temperature.      It  is  insoluble  in  water,  easily 
«ble   In  ether,  lienzene,  and   hot   alcohol.     By  nitric   acid   containing 
uiis  acid,  it  is  tonvert.-d   into  diazobenzene  nitrate;  by  strong  hydro- 
oric  acid,  Into  aniline  hydrochloride,  phenol,  and  nitroge-n. — ^The  aloo- 


8St  HT]«ASia-0»mOMB«N 

HAc.C^Ha,  in  ndditk  BMrila. 

I>iaa»«aido)MBMiM  does  not  oBtta  with  MidB,  tat  its  aleoholb  Mfatta 
Mix«d  with  a  aolntion  of  pUtinle  cUariia  in  hydnohtote  add,  yUk  llN 
platinoehloride,  (C,^„M,.Ha)rPMa«i  la  ndiiih  iwdilM. 

DUao-amidobeBMM  in  akaliaUe  niatia*,  wpaalallj  if  ia  ooalagtwilk 
»  naall  qnanti^  of  anUia*  hjdnMfotUm,  fnwIaaHy  JUmlm  IbIo  tti 
{■omerie eompoaad,  aBidai«b«as«a«,  C«^H=XX«H,JIH,(fi.8l^ 

ooa  aolBtioiu  of  diaaobeaMoa  Bitrata  aad  diMtkjrlBMiaa,  ia  a  j-nllaw.  ii^ 
Uqaid,  haTiog  weak  baaio  proynUta,  aad  fmaiBS  nnrtaWa  aalta,  wUik 
ia  aqneou  aalation  are  eaifly  laaotvad lata phanol,  aitrogaa,  and  writirf 
diBMthylamiiMi. 

i>MnieueM-«ciyni»d>,  CtB^Jf^SBiCjaj,  tmmahtm  tba  dimatlgrl  ana- 
pooad,  aad  ia  teaaed  ia  a  aimilar  aiaimar. 

DiaM»h»nM€uimUt,  CfiJS^  paOmUy  Cfit — m — ^N   la  fcnaad  ly 

ih»  aetion  of  aqaeona  awnamila  on  dlwnlwiawB  perbronida : 
CJBJXJBr,    +    4X1^    mm    SSHJtt    +    CJBJS,. 

It  te  a  yellow  oQ,  iBaolnUe  in  water,  diatflUng  withont  deeaav«aiita  ia 
ranged  air  and  in  rapor  of  water,  diMWlHng  witlKiat  altaratioa  in  Bittit 
and  inlphurie  acid.  Treated  in  alooholie  aolotioa  witii  xino  aad  liydr*' 
elUorie  acid,  it  ia  reaolved  into  ammonia  aad  aniline : 

C,H»X,    +    4U,    ■=    2KH,    4-    C.Hj.XH, . 

The  diazo-<x>n>ponn<Is  of  higlicr  orders,  e.  g.,  diazotolunt  nitmtr,  0,11^ 
N,.NO,,  diaso^miilulolHrne,  C,I1,.X^XH.CtII„  etc.,  are  analo^aa  to  tb* 
diazo-benxene  compounds  ;  but  they  have  nut  been  mucli  examined. 


HTDRAZIX-COBPOrSDS. 


Pbenyl-hydraaln,   C,II,N,  a  C,H,— NH— NH, Whm  diuo- 

beuieiiu  iiitrstc  is  ail<i<il  to  a  cold  solution  of  acid  pntassiura  sulphite,  tbe 
liquid  suli<li&ei  to  yellow  crystals  uf  potassium  diazobenzene  zulphuaatr, 
C,IIjX^UjK,  or  C,IIj — N~N' — S(>,K  ;  this  salt,  hi-atnl  im  the  water-bttk 
with  excess  of  acid  potassium  sulphite,  is  ivnverted  into  colorli-Mit  phravl 
hydrazinsolphonate,  C,llj — NH — Nil — SILK,  which  ia  also  ftrat^ 
by  heating  the  former  salt  with  zinc-dust  and  hydrochloric  acid  ;  ami  tkii 
colorless  salt  heated  with  hydrochloric  acid  yields  the  hydrochloridt 
of  pheny  1-hy  drazin,  according  to  the  equation : 

C»H,.N,H,.SO,K  4-  nCl  +  H,0  =  C,H,.N,H,.Ha  +  SO.KH  . 

It  is  more  easily  obtained  (together  with  aniline  or  diethylamine),  by 
treating  an  alcoholic  solution  of  diazo-amidobenzene  or  diazobenzenr- 
diethylamine  with  zino-dust  and  acetic  acid. 

Phenyl-hydrazin  is  a  yellow  oil,  which  solidifles  at  low  temperalum  to 
a  crystalline  mass,  melting  at  210  C.  (73.4"  P.),  and  boiling  at  233Q-2M3 
C.  (451.43-4.53.2"  P.).  If  dissolves  sparingly  in  cold  water,  more  tvadllr 
in  hot  water,  very  easily  in  aloohol  and  other.  It  posaaoaea  atrong  rcdae- 
ing  properties,  and  is  a  mono-acid  base,  forming  well-cryatalUa«4  aalts. 
Its  b/droohloride,  treated  with  potasslnm  nitrite,  yields  tlia  nltroao- 
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',  eompouiw),  <.',H,.N(NO).NH,,  which,  when  lieated  with  water,  is  converted 
'  Into  di»xol)eii»,>'niiiii(l",  CjH^N,.  The  nitr<i8o-com|>ounM.  trentcci  with 
]  ikbvnol  ami  Btr'>M);  »iil|>liiirli;  acid,  vji^lils  n  liruwii  sututiuii  chuugiuj;  to 
Ifnwu  and  blue  (Liebormaun'i  rekotiun,  p.  66'.i). 


8ULPHO-DERIVATIVE8. 

Th"  B  n  1  p  h  0  -  n  c  i  (1  s  of  tin-  aroinatiu  li ydrooarbons  are  easily  formed  by 
\  the  direct  aotion  uf  iiulphuric  lu'id,  cuuueutralod  or  fumiug,  ou  thuaie  hjrdro- 
IcArbons ;  thus  : 

C,n,    +     SO»H,    =    r.Hj.SOH     4-     H,0; 
BcniPocsulphoolo 
acid. 

C,H«    +  2S0.n,     =  r,ll.(SO,H),  +  211,0. 
B<.'uxcDe-«lUuljihuaic 
itcld. 

In  tilla  rvopwt  lhi>y  differ  fWim  the  Rulphn-ai^ids  of  the  fftttr  Kronp,  which 
eao  W  forim-d  only  from  sulphites  or  from  Ihio-alwhols  (p.  5r)4). 

Th«  arotiiutic  hydrovarlmus  treated  with  sulphuric  anhydride  yield 
fenlpbozides: 

2C.H.    +     SO,    =     (C,H,),SO,     +     H.O. 
Uenzrnc 
■utpho&lde. 

Tlio  sulpho-aoidB  trealed  with  phngphoriiH  pentarhloride,  or  their  salts 
lr««t«d  with  the  oxyohloridr,  yielil  the  s  ul  phoohlorides  or  ahlor- 
a  t>  h/'lrides  of  the  sulphonic  acids;   t.  g., 

q,H».SO^OH    +    pa,  =1    C,Hj.SO,.Cl    +     POCl,    +    HCI; 

3(r,H5.SO,.OK)   +  POCl,  =     3(C,Hj.SO,.Cl)     +     PO.t:, ; 

•nd  the  salphoohlorides  treated  with  sodium-amalgam  in  ethereal  solution, 
ara  oouvvrtvd  into  s  u  1  phi  nic  acids   (p.  555)  : 

C,n,.SO,.Cl     +     H,    =     C.Hj.SO.H     +     UCl. 

Tll«  aalphinie  acids,  or  rather  their  zinc-Halts,  are  also  formed  by  the 
•<<ti<>a  of  the  ainc-oompounils  of  the  aloohol-rodicles  (m  the  sulpho-chlo- 
rides ,  (. }., 

2<C,n,.80,.CI)     +     Zn(C,Hj),    =     2C,HjCl    -f     (C,H,SOJ,Zn. 

By  zinc  and  hrdrochUirio  acid,  on  the  other  hand,  the  snlpho-chloridea 
are  reduce<l  to  hydros  ulphides  ur  Ihiophuunls: 

f.I'vSO.Cl     -f     311,     =     C.Hj.SH     -f     211,0    +     UCl. 

T  uids,  like  those  of  the  fatty  group,  are  very  stable 

etii,  iisoJ    by    Imiling   with   allciiliea.     By  fusion  with 

^i,k.,ii<n  Lii'  •    .ii'Id  phenols: 

CjHj.SOjK    +     KllO     =     C,H,.OH    -f     SO,K, . 
nation  with  poinaiam  cfuniJe  (ur  the  dry  ferrocyanide),  they  yield 


^Hj.SOjK     -f     CNK 


CjHs.CN    -f     SO^K,. 
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i<.-uc-sul|>b(ix»l<>i  ur  its  Iim- 

C»H,.SO,H 
and 

20,11,    +    S»\ 

The  snlplioiiic  acids  of  t'  •    •  ■ 

acliuii  ur  biulpliuric  himJ  v. 
of  nitric  ariil,  on  th<.<  iiuli 
latter  rose  llie  Biilj>lu>-gr<'i. 
nia;r  also  be  replaced  by  1 1, 
ride  wilii  pii<i!ipUorut>  j>eiilactiiuridu  : 

(•,n,l"l.riO,Cl     +     PClj 


'  'ji 


tVI.     +     HO.. 

{<:,H»),so,   +    11,0. 

■    ;  liydnic«rl»'t 

■■r   by  the 


C.lt.Cl,    +     POCl,     -f     :-ijC 


Bensenesolphonlc  Acid,  C.llj.SO,!],  is  prwltiord  hf 

benxi-uu  wilU  an  equal  weiKht  uf  ordiiinry  xiilpliiiric  »el<l.  Od  i 
tbe  reculting  giilatiuu  with  water,  UeutraliziU);  with  botlntn  ur  Iva 
nale,  dewtuiKMing  the  ruaiiltlO);  bivriuiu  or  li'ud-»ait  wttfa  nolplmi 
or  liyilrogen  sulphide,  mxl  uvaporatiiii;  the  liltrale  In  tbv  cryci 
poiut,  lielixelie^ulphoulc   acid    is   oli)  '  "     '   ' 

vrr8taU,  ouitaiuing  C,Hj.SU,H -J-  1. 
alcuhul.     li,v  dry  dit.tilljiii>>n    >i    ^  >< 
pheiml.      \lflianum  milt,  (^ 
soluble  in  water.     The  71'. 
sided  table*.     The  r//i»/iV  HAr^r,  > 
Ball  to  IIKP  wilU  othyl  iodide,  i 
ing  with  water. 

Be  N  t<!  n  •■-<  u//jl  at- A /or  I  >/«,  C^n^. SO, I 
an  intimate  mixture  of  »o<liuiu  beiueiieaulpiioi 
ehlnride,  and  then  shaking  it    up  with  water,  .' 
Bpecillo  gravity  of  1.37»  at  'SIP  V.  (73.4-  K.),  tK.ilii 
jKwition  nt  24()'^-2470  C.  (474.SO-476.t»o  K.),  and  > 
lar);e  rhombic  cryatalri.      Boilintj  water  slowly  deooulp<l^•^  it  iij'.< 
siUphonic  and  hydroehlorio  acida. 

Benseneanlpbamlde,  C,H,.SO,.>'n^  fomed  by  tn-n; 
chloride  Willi  aiiiiuouia  ur  aminniiium  carbunate,  cry.<t;ill 
in  imcreoiis  l.-iminm  melting  nt  14!>'-'  ('.  (lilHl.'J"  V.). 
to  ita  alcoholic  solution  throws  down  ito  coiii|Niund  '  , 

Bensenesalphlnlc,    "r    Benseneanlpbtirona    Actd,    i'.n,Ji3 

foniiivl  by  the  lutiun  of  S"  1  \'Uiii  on  the  elb'  '    "•«  1 

xeiieaulphonic  acid.  cry»i  .  n   hut  water  In    '  ig  | 

en.iily  aolnble  in   alcohol   .li.-i    .,;.•;.  meltinj;   at   CI'  ^' 

deomiposiiig  at  KMO.     With  chlorine  or  bromine  it  ' 

chloride   or    hromidn,  and    is  wmyerted    slowly  by  .■■  , 

quickly  by  oxidialng  agent«,  into  iHrnxenuxalphonlc  ao4d.     Tb«s4 

C'4ll,.8<),..\g,  is  slightly  solnbU-  ^n  water. 

Phenyl  Salpboxide,  nr  SulphobenBld*.  <fyU)A()r>  !■  *■* 

dry  distillatiuii  of  Iki  '    '  '    '         ' 

(<.VI,),S,  and   by  lb. 
dride  ou   '•■  '■' 

abvdini     l>' 

tiUtuut  d' 
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1  ijjto  benxpiitwiilphonic  acid,  (C,H3),S0,  -f  8t),U,  =  2(C,Hs.SO,H}; 
wbeu   licaletl  with   plioupburus  pouiauhloride  or  iu  a  atrvmu  nf  ulilo- 
riDu,  it  is  d(n.x>nipi)8od,  with  furmatiou  of  vhlurobeuzene  and  benzeiiesulplio- 
«llloride  : — 


(C,H»)^0,    +    CI,    =    C.HjCl    +    c,H,.so,a. 


Is  action  nf  chlorine  in  sanahino  also  converts  it  into  chlorobeniene  and 
proilncUs  of  addition. 
Pbeny  ldi«  ul  phoxidt),  (CtU^)JijOj,  produotvl,  together  with  bon- 
tesolpboniu  acid,  by  heating  buuzeneHulphinio  acid  with  water  to  ISIC^ 
^StKiO  v.),  crystallizes  in  long  Bhiiiiiig  m-edU-a,  luoltiiig  at  ItKiO,  in- 
Bble  ID  water,  easily  isuluble  iu  aluultul  and  ether. 

ChloTO-,  Bromo-,  lodo-,  Nltro-,  and  Amido-bencenesnlphonlo 

▲cida,  (.',H,l'I.SUjH,  I'tc. —  I'lif  sul[ib.i-;u.ula  (m  ined  by  dismilviiif;  t,llj('l, 
^"^jBr,  •JjHjl,  and  CjHjNH.j,  in  slightly    fuming    giil|ilmric    acid,   lielong 
fly  to  the  para-series  (1  :  4),  e.  i/.,  C,.S<r,l|.n.H.Br.U, ;  nitrolj<'nzene, 
ItUe  other  hand,  yieliU  by  Hiiuilar  tn-ntnient  n  pmliict  consisting  also 
oily  of  M<(u-nitrob<'nzen<iiuli)lionic  acid,  t',.yil,.H.N<),.H,.     The  action 
krooiine  or  nitric  aoiil  on  Iteiizeiiesulphonic  acid  yields  likewise  a  i)ro- 
;  consisting  chiefly  of  the  meta-acid.    .Ml  these  IkhIIcs  are  strong  uiono- 
ie  acids,  which   mostly  crystallize   well,  dissolve  easily  in  water,  and 
I  WttU-oryatallixed  salU,  chlorides,  and  amides. 

\>ra-a»ulohitHzrnf.s\ilf>linme  acid,  long   known    by  the  name  of  s  nipb  a- 
io    acid,  is  |ir<Kliiced  by  the  action  of  sulphuric  acid  on  aniline,  alao 
idi^lillation  of  phenoUulphate  or  of  etbylsulphute  of  aniline  -. 

c.ii.ou  +   c.n,<^;^j 


c,n,on  + 


c.n,< 
c.h.<so/h 


ci^ratallizps  from  water  in  rhombic  tables  containing  one  mol.  H,0  ; 
0d»,  by  oxi<lation  with   chromic   acid    or  with   manganese  dioxide  and 
ilpkurio   acid,  a   large   quantity   of  quinone,  C',H,0<,:    and   is   con- 
Tert«il    bj    nitrouB    acid    into    d  iazobenien  e -su  Iphonic    aoid, 

C,H,<^>jj^  ,  which  crystallizes  from  hot  water  in  colorless  needloi ; 

detonatHS  with   great  violence,  and  is   converted    into   benzcnesulphonio 
by  heating  with  alisoluto  alcokol,  and  into  sulpboiiilic  acid  by  the 
lion  of  hydrogen  sulphide. 

BenxenedlsTilphonlo   Acids,   f6f|<CsiM|   ■ — ^^'"'   ""'"'  """^  para- 
lirtcnlions  nf  this  acid  are  obtained  by  heating  benzenesulphonic  acid 
th   fuming    sulphuric  acid,  or  more   readily  by  passing    U-nzeue  vnjwr 
1  ordinary  sulphuric  acid  healed  to  24(1°  C.  (464°  ¥.).     They  are  lioth 
soluble  in  water,  but  may  tx>  separate*!  by  fractional  cryslallitation 
I  their  potassium  salts.     The  mcru-acid,  which  is  the  principal  product, 
il<U  a  chloride,  C,H,(SO,a)„  melting  at   filP  C.   (14S.40  K.),  and  ao 
lide,  C,H,(SO,.NII,),,  melting  at  22!)0  C.  (444.20  p.).      By  distillation 
th  potassium  cyani((e,  it  yields  a  dicyanide,  r,M,(f'N)„  melting  at  IStiO 
f(3i2.80  F.),  and  c<invertible  by  the  action  of  alkalies  into  nielaphthalio 
flaopblhalic  aoid,  r.ll,(fO,H),. 
^tr<l-fc<■;l;fn<■</^»^(//</lo/llV  ociW  forms  a  chloride  melting  at  131"J  C.  (2t>7.80 
and  »u  amide  molUng  at  2880  C.  (5S0.4O  F.).     By  distillation  wiUl 


ALCOHOLS. 


^ 


I  putussiuiu  oy«niile  It  jrieUU  a  dicv&iiid«,  meltiii);  at  2220  L".  (431.fiD  I 
I •11(1  ixiuvcrtibltj  into  l«r.-()litlialic  acid,  C,H,(CO,H),  (1  :  4). 

Bensenetrlaulphonlc  Acid,  C,H,(SO,U),.— The  only  known  nwdUU 
calKiii  <il  llii8  anil  is  olilaiio'd   by  beating  a  mixture  of  li;  parl»  biinwD«,  I 
I  7(1  (iimiii);  sulphuric  acid,  and  4tt  pliiwphoriu  anhydride   in  s«alxd  tul>t»  I 
!  tu  :i»liO_iiytiO  V.  {a3iSP-li'A^  ¥.).     Separated  from  iu  lead  i>alt  by  hylio-j 
I  tioa  sulphide,  it  cryatallixes  in  ioug  llat  ueedloa  containing  3  moL  U,0.* 

Tolaeneanlpbonlo   Aold»,  f,H,<:^^j^»jj  .  —  The  para-   and 

'  orMu-miHlincHliiiiia  an-  prixlui-ed  «iiuullaniN>usly  by  dissolving  toluvov  ia  ; 

•lightly  fuuiiuj?  sulphuric  arid,  aud  luuy  Ix;  nppruxiuiately  st!piirxU-<l  !•/ 1 
Ifravtiunal  vrystallizution  of  their  piitassium  sitlu,  the  para-i>alt  !>t<|>aratiu( ] 

out  drat,  and  crystallizing  easily  in  large  transparent  six-sided  Ubln  or] 

?'  irisuis  oonlaiuiiig  1  mol.  H,0.  The  ar(Ao-dalt  suparatei  from  the  uiothw-J 
iijunr  mixed  with  para-salt,  from  which  it  is  not  easily  purillcd.  Tlitl 
lo«ru-a(Od  crystallizes  iu  deliquescent  scah^  containing  1  mol.  U,0.. 
[lU  cJiloride,  C,1I,(J«),C1)„  meltjs  at  00°  C.  (15ti.20  F.).  Thw  imukA 
C,U,(SO,NH,)„  at  l.iio  C.  (27S.CO  V.).  Fused  with  potash  it  yielda^ 
Iparacresol,  (',ll,(CII,).Oli,  and  a  amall  quantity  of  paraoxybeuiaiaJ 
'  Acid. — The  or//io-acid,  which  may  bo  obtained  pure  by  deoouipoaing  iln 
'  luuide  with  nitrous  acid,  is  liquid.  Its  amide  crystallizes  from  hot  alcohol^ 
I  iJi  ahiiiiuK  CKJt.dnHlrons.  melting  at  I.'kJO-ISJO  c.  (;Mi7.4— ;«W.-»0  F.).  Th<  1 
:  Itcid  fused  with  potash  yields  ortho-cresol  and  orlho-oxybeuzuio  (salicyUc) 
laoid. 

ifelalnlumesulphonie  aciii,  C,.rH,.n.SOjII.Hj,  is  obtained  by  the  action  «f 
■odium-amalgam  on  the  orthochloro-  (or  broino-)  tolu<Mie-«ulphonic  acid, 
(',.CH,.Br.SO,lI.H„  which  is  formed  by  dissolving  orthovhtoro-  (or  bnunn-) 
toluene  iu  sul|ihuric  acid.  It  is  crystalline.  Its  rhlnrule  is  a  liquid  nnl 
Bulidifying  at  — lOOC.  (140  F.)  ;  the  amide  is  crystalline,  and  meiu  at  91'i- 
e-jo  C.  (l.t.5.8a_197.lP  F.). 

A  large  number  of  sulistitntod  tolnenesnlphnnio  acids  have  been  ob- 
tained by  dissolving  chlorntolui-ne,  brnmotoluene,  etc..  in  sulphuric  arid. 
I'ara-  and  ortlio-t^jluenesulphonic  acid  heatM  with  fuming  sulphuric  aciil 
yield  two  modifications  oftoluenedisulphonicacid,  C,li,(SO|U)|> 
CU,. 

Benmylsalphonlc  Acid,  r,Hj.rn,(SO,I{). —  The  potassium-salt   ef] 
this  acid   is  luriiieil    by  heating  benzyl  cUlurido  with  a  strung  sululiou  < 
potassium  sulphite. 


\ 


AROMATIC  ALCOHOLS. 

The  Buh.ititutinn  of  OH  for  II  in   Ix^iizene  gives  rise  to  mono-,  di-,  udj 
tri-atomic  derivatives  of  alcoholiu  character,  via. : 


C.H,(On) 


c.H.(on), 


C.H,(OH).  . 


In  toluene  and  the  higher  homolognes  of  benzene  the  sntntitntion  may 
take  place  either  in  the  principal  or  in  the  lateral  chains,  giving  rise  t«| 
luotaraoric  i^ouipoumls  :   thus  from  toluene,  t.",llj.CH,,  are  derived 


fe. 
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<VI.(OH).CH, 
OtttoL 

from  zjriena,  C,H,(CH,), : 

c.H,(on)<^||j 

Xyleool. 


C.Hj.CHjOH , 
Bcazyl  alcuhoL 


Xylyl  alculiul. 


ntnda   in  which   the  subatitation   tal(«s  plauK  in  the  lateral 
iia,  areprimary  oJcuhulit,  voiitaiuing  liid  group  CII/)II,  aixl,  like  the 
spouding  alcohols  of  the  fatty  litTiea,  are  couvertiblc  liy  oxiilutiou  into 
drhyilea  and  aviils   vontainiiig   the  suuie   niiiiiU'r  of  t'arUiii-uUnus,  and 
lily  exchange  th>;ir  OH  group  for  CI,  Br,  Nll^,  etc.,  giving  rlsi-  to  haloid 
rtratirt^  and  amim-ii.     Those,  on  the  other  hand,  in  which  the  OH  is 
aated  in  thu  principal  chain,  are  not  convertible  liy  oxidation  into  aldu- 
Int,  ketones,  or  aiudii,  in  which  rctipeet  they  are  analogous  to  the  tur- 
tiary  aUi>hoU. 

Thtfsi-  latter  oompoands,  including  thp  hydroxyl-derivatives  of  benzene, 
are  called  Pbenol«.  They  are  simceptihie  of  isomeric  modiflcations,  ac- 
oordiug  to  the  orientation  uf  then  ubstituted  radicles  iu  the  beuzene-uuuleiu. 


Monatomlo  Phenol*. 

rTheae  ooinpoundu  are  produced:    1.    By  the  action  of  nltroQg  acid  on 
liline  and  its  homologueii  iu  a<)ue<JU8  iiolutiou  : 

C.Hj.XH,     4-     NO.OU    =     C.Uj.OH     +     I1,0    +     N, . 

By  decr>mp<K4ing  the  diR7.n-L>om|>oundHwitb  water,  the  sulphates  being 
b<**t  adapted  for  the  purpose  (p.  854). 
3.  By  fusing  the  aromatic  sulphonio  acids  with  oanstic  alkalii-s : 


^.".<so;k 


C  H  <^^'"> 
'^•"'\0H 


+     KOH     =    SO,K,     + 
Toluene-aulpbooate.  CrcBol. 

4.  By  distilling  the  salts  of  aromatic  oxy-acids  with  lime. 


C,H,(OH).CO,H 
Oxybeuzolo  aold. 


=    CO,    + 


c  H^.on . 

Phenol. 


5.  By  the  dry  distillation  of  complex  organic  substances,  saoh  u  wo 
and  oital. 

The  phenols  exhibit  aoid  as  well  as  alcoholic  chnraeters.  When  treated 
with  metallic  oxiiUvi,  esfK-cially  those  of  the  (ilkali-nietaU,  they  readily 
••Jtchange  their  hyilroxylic  hydrogen  for  metals,  forming  metallic  salts,  and 
these,  when  acted  upon  by  alcoholic  iodides  are  converted  into  phenolic 
then  ;  e.  g., 

c.Hj.oK   +    cn,r   =   Ki   +   r.nvO.cn,. 

Potii»luin  Methyl-pfaeool. 

phca«te. 

Phenolic  ethers  containing   acid-radicles,  snch  as  C,H5.0.OC,n,O,  are 
funnel  by  th"  action  of  the  chlorides  of  such  radicles  on  the  phenols  and 
ir  metallic  derivatives. 
By  the  airtion  of  the  halogen-coittpounda  of  phosphorns,  the  phenols  are 
rted,  by  exchange  of  their  Oil-group  for  CI,  Br,  etc.,  Into  balogun- 


tl 
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dorlvativca   of  hydrocarbons,  such    aa   r,UjCl.      By  pho»pbonja 
Bulpkido,  UiKy  are  ixiUTurted  into  t  h  iup  h  euiil  s: 

&c.Hj(OH)   +    P^j  =   PA  +   6c,n,(su). 

Bjr  heating  with  tiiii>diist  they  are  rixlaiMjd  to  hyilrticwhdns. 

By  treatini.Mit  with  chhiriiie,  liromini',  iiidinf,  nitric  acid,  and  Bulpliarie 
acid,  lhi»  phi-nolB  are  c/mvi-rted  into  halogen-,  nitro-.  and  sulplio-di-rir^ 
tivpa,  lir  fXohangK  uf  one  or  tnor«  atuiuB  uf  hydrogen  iu  the  benzeuu-uudeui 
for  CI,  Br,  I.  NO,,  orS(),H  ;  thun: 


C.Hj.OH     +        CI,      =     IICl    + 
C,H,.OH     +     80,n,    =     11,0    -f 


C.H.Cl.OH . 
Chloiopbcool. 

PlicDolsulphoaie 
acid. 


Phenols  treated  nitli  metallic  sodiam  and  carlwn  dioxide  are  coiiT«rt«d 
inlu  aalt>i  of  aromatic  oxy-avida  : 

+     CO, 


C.H-.OH 
Plicuol. 


s   c,n,(on).co,n  . 

Uxybeuxuic  acid. 


The  monatomio  phenoU  at  present  knovrn  oontain  <i,  7,  8,  and  10  atoai 
of  carbon. 

Blz-carbon   Phenol,  pr  simply  Phenol,  C,H,0  =  C,HjOH. 

— y-Vie/iy/    alcittuiif   I'henic   aciti.  Carbolic   ac'ul^  CiMti-tar    erpaaortf.— Thii   Oi*a- 
pound  \i  produced  :    1.   By  the  action  of  nitrous  arid  on  aniline. 

2.  By  the  dry  distillation  of  salicylic  (ortho-oxyU-nioic)  acid.  It  m»y 
be  conveniently  prepared  by  heating  crystallized  salieylic  acid  slmiiijly 
and  quickly  in  a  glass  retort,  either  alone  or  mixed  with  pounded  f\*ns  'it 
quicklime.  I'Uennl  llien  passes  over  into  the  receiver,  aud  oryslalliifl 
almost  to  the  lai«t  ilrop. 

3.  Phenol    is   produced    in    the  dry  distillation  of  ooal,  and    fonos  tlie 
chief  constituent   »f  the    acid    ]xirtion  of  coal-tar  oil ;    this   is  the  sourw 
from  wliicli  it  is  most  frequently  obtainiKl.     Crude  coal-tar  oil  is  agilalM 
witli  a  mixture  of  slaked   lime  and  water,  tlie  whole   being  left  for  a  inn- 
aiderable   time;   the  aqueous  liquid  separated  from  the  undi&solrod  oil  ill 
decomjtosed   by  hydrochloric  acid,  and   the   oily  product  thus  obtained  a  I 
purilied  by  cautious  distillation,  the  first  t bird  only  biting  colleited.     Or' 
the    coal-tar  oil    is  subjected   to  distillation    iu  a  retort  furnisliMl  with  1 
thermometer,  and  the  portion  which  passes  over  between  the  teniperatur* 
of  150O  and   2000  C.  (302Q-:J92O   F.)  is  c-ollected  apart.     This  prwloct  i 
then  mixed  with  a  hot,  .itrong  solution  of  caustic  jxitash.  and  left  toitand,] 
whereby  a  whitish,  somewhat  crystalline,  pasty  mass  is  obtained,  «Mrh,l 
by  the  action  of  water,  is  resolved   into  a  light  oily  liquid,  and  a  denMrl 
alkaline  solution.     The  latter  is  withdrawn  by  a  siphon,  decnmpn<<yl  \if\ 
hydrochloric  acid,  and  the  separated  oil  purifteil  by  contact  with  ralriuaj 
chloride,  aud  redistillation.     Lastly,  it  is  exposed  to  a  low  temperature,  I 
ami  the  crystals  formed  are  drained  from  the  mother-liquid,  and  carrfully] 
preserved  from  the  air.  I 

Pure  phenol  crystallizes  in  long,  oo1orl«>SR,  prismatic  ne<-dli<s,  baring  kl 
specific  gravity  of  l.OUU,  melting  at  40^^-41°  C.  (104-<-10.1.8O  K.).  and  bnil-1 
iug  Hi  im.SOC.  (2.'i8.70  K.):  the  commercial  pnxluct  forms  a  cry»tAlUii» 
mass,  which  turns  reddish  iu  a  short  time,  and  in  contact  with  UM>i»t  air 
deliquesces  to  a  brown  liquid.  Phenol  has  a  p<'netrating  odor,  a  sirunc 
burning  taste,  and  attacks  the  skiu  of  the  lips.  It  is  jK.isonous,  rxerla  an 
Antiseptic   action,  and   has    been   successfully   used    by   Mr.  Crookos   for 
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destroying  the  Infection  of  onttlo-plagne.  It  dissolves  in  about  15  parts 
of  whUt  at  ordinary  tvtDperaturtn),  very  easily  in  alcohol  and  etlier. 
Sulphur  and  iodiutj  diriHolve  in  it;  nitric  acid,  chlorine,  and  liromiue 
aiUiik  it  with  energy,  forming  Buhstitution-productji,  all  of  which  ar«  of 
•cid  charauter.  With  strong  sulphuric  acid,  it  forms  phvnoUulplionio 
•itid,  C,H,(Oli).SO,U.  Thu  aqueous  solution  is  colored  violet  by  furrio 
chloride,  and  st&ins  a  deal  shaving  of  aline  blue  uolor.  With  broniinu- 
ffaU-T,  even  when  very  dilute,  it  furuis  a  white  preciiiilatc  of  tribromo- 
keuol. 
}n  adding  phenol  to  nitric  acid  containing  nitrous  acid,  or  to  s  solution 
C|>otas!tium  nitrite  ((>  per  cent.)  in  strong  suljihuric  acid,  a  brown  color 
]  pr«luc<Hl,  changing  to  green,  and  ulliuiattly  to  a  line  bluti  (Lielwr- 
tin's  reaction).  Fine  colors  are  pro<luceil  in  like  manner  witii  other 
irnuU,  mono-  and  poly-atnmic  :  also  by  phenols  iu  presence  of  sulphurio 
,  with  dia*o-  and  uitroso-compouuds. 

PussATKH. — Phenol  dissolves  in  alkalies,  forming  salts  which  are  diffi- 

to  obtain  in  definite  form.     I'oliusium  pheiiate,  C'lll^KU,  obtained  by 

:  phenol  with   potassium,  or  with  solid  potitssium  hydroxide,  cryg- 

in  ilender  white  needles.     On  heating  this  potaiisium-oom[)oiiud 

I  iwlide  of  methyl,  ethyl,  or  amy!,  ether.")  are  produce<l — viz.,  methyl 

late  or  anisol,  CjIIjOClIj ;  ethyl  phriiato  or  phenetol,  CjlljOCjUj,  aud 

]\   phonate   or   pFieuamylol,  <'4H5t'l'jHii.     These   Ixxlitw   resemble   the 

Ked    ethers  of  the  ordinary  alcohols  (p.  5ri2)  in  com^iosition  ami  modu 

Drmatiou,  but  dilfer  greatly  from  Iheni  in  their  behavior  with  sulphurio 

nitric  acids,  with  which,  in  fact,  they  behave  just  like  phenol  itself, 

tig  aul>stilution-pro<lucts  possessing  acid  properties. 

Matfayl    Phcnate   or   Anisol,  0,11,0  =  0,115.0.0115,  is   also   pro- 
1,  with   evolution  of  carbon   dioxide,  by  distilling   methyl-salicylio 
I  ur  anisic  (methyl-paraoxybenxoic)  acid  with  baryta : 

C,H.(OCn,).CO,H     =    CO,    +     C.Hj.O.CH,. 

Inisol   is  a  colorless,  very  mobile  liquid,  having  a  pleasant  ammatio 

a  iletisity  of  0.9!)1  at  15°  C.  (.Mio  K.),  and  Ixiiling  without  decorajK*- 

l>n    at    15-JP   C.  (305.60   F.).     It  dissolves    conipletely  in  strong   sul- 

Brio    a<id,    forming    methyl-phenol-sulphonic   or    aulphanisolio    aciil, 

I,(CII,)  ^u,)    fj  • — With  bromine  it  forms  three  8abetitution-pro<luctg 

-Tlx.,  C,H,Br.O.(H„  a  liquid  Iwiling  at  2230  C.  (433.4°  F.);  C,H,Br,.0. 

,  which  crvstalliies  in  rhombic  tables,  melts  at590  o.  (138.20  F.),  and 

at   2720  0.  (a21.60F.);  and  O.MjBrj.O.OHj,  which  melts  at  870  C. 

i.60  F.),  and  is  sublimable.  By  th«  further  action  of  bromine,  tetra- 

smnquinone   or  bromanil,  0,Br,0,,  is  prodncwd.     Fuming  nitrio 

acts  strongly  on   anisol,  forming  the  three  nitranisols,  C,H,(N0,)O, 

»H,(NO,),0,  and  (',Hj(NO,),0,  which  when  treatwlwilh  reducing  agents 

eltl  the  corresponding    uitran  isidines,  C,Hj(NlI,)0,  etc. 

Ethyl  Phenatcor  Phnnetol,  C,Il,.O.0,Hj,  obtain<>d  from  phenol, 
and  frncn  elhvlsalicrlic  acid,  is  an  aromatic  liquid,  Imiling  at  1720C. 
(341. OO  F.).— Amyi  Phenate,  or  PUenamylol  boils  at  2250  c, 
(43TO  F.). 

Ethi^nc   Phenate,  C,H,(0C,H,)„  prodnced  by  the  action  of  ethena 

bmrnidH  on  potassium  phuuate,  crystallizes  in  lamina!  melting  at  950  C. 

(9990F.)- 

^^^I»«n.rl     Phenale,    Phenyl     Oxide,    or     Phenolic    Ether, 

^B|„0  B  (C,llj),0,  formed,  together  with  phenyl  bonzoate,  by  the  drjr 
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distillation  of  cnpric  IwnioKte,  and   by  heating   diax<ibenzenr  fiil|ihi 
witli   phenol,  cr^tnlliies  in  long  n«M-<11t«,  ni*-lta  at  'JSO  c.  {!>J.4-  K.j 
builn  at  24iP  C.  (4i4.bO  K.};  <lis8<>lr«i  easily  in  aloohul  and  rtlier. 

Thiophcnol  or  Phenyl  Hy  drosu  Iphid  e,  CjHj.SH,  f<imif(i  f-r 
the  action  of  P,8,  on  phenol,  «nd  by  that  of  uoscvnt  hydroy 
sulphuric  acid)  on  phenyl-sulphofliloridu,  is  a  colorless,  i 
liquid,  having  a  di>nBity  of  l.tt'b  at  14^  C.  (57.2°  K.),  and  li<iii:ri^  n  i'j?>- 
V.  (334. 40  K.).  ll  ia  insoluble  in  wafer,  but  diasolvea  easily  in  alcohol 
and  ether,  and  the  alcoholic  solutiou  i*  precipitated  by  silver,  lead,  and 
mercury  salts,  yielding  eompouuda  annh>^oua  to  the  mercaptid«i.  The 
luereury-uompound,  (CjHjS),!!^,  JcrystalliJea  from  alccdiol  Lu  shining 
nei-dles. 

Phenyl  Sulphide,  (C,H,),S,  producod  by  tlie  dry  disrilhuioii  ..f 
Bodiiiin  Iienzene-Bulplionate,  and,  together  with  the  hydrx>>ulplii'l<'.  I<>  ilir 
action  of  P^,  on  phenol,  is  a  colorless  liquid,  liaving  on  allia<et>u^  i>.li>r, 
a  density  of  i.ia,  and  boiling  at  2920  C.  (r.57.60  F.).  Nitric  aiid  oxidiw 
it  to  phenyl  sulplioxide  (sulphobeozide)  (t'|H^>]SO,, 

Phenyl  Disulphide,  (C,Hj),S„  ia  rormnd  by  ozidixing  thiopbeoal 
with  dilute  nitric  acid,  and  by  the  action  of  iodine  on  the  aqaeooi  lolatioa 
of  polassium-thiophonol  : 

2(C,H..SK)     +     I,     =     2KI     +     (C.Hj)A- 

It  erjiUUiies  from  alcohol  in  shining  noedles  melting  at  StiOC.  (140OF.); 
ii  oxidized  hy  nitric  acid  to  benzeneaulphonio  acid,  and  reduoed  by  naawst 
hydrogen  to  thiopheuol. 
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Halogen  Derivatives  of  Pkeuol, 

Chlorophenols. — The  thr<>c  nionochlorophenols,  C,n,ri.OH,  trila-, 
mrtii-,  and  /wra-,  are  fornieil  from  the  corresponding  chloranilines  (p.  SJ5), 
by  the  diazo-reaction.  The  ortho-  and  para-oompuunds  are  also  prmlinvd 
by  passing  chlorine  into  M'.inu  phenol,  anil  may  be  separated  by  fractioixl 
distillation.  (1  :  2)  Chloro/iltnKj  i»  a  colorless  liquid,  Iniling  at  175 —ITS-' 
C.  (3470-;<48.80  K.),  solidifying  at  — 120  C.  (10.40  p.);  „,nTerled  hj 
fusion  with  pota.sh  into  pvrocatechin.  (1  :  3)  Chloropkrnnl ,  from  (1  ;  3) 
chloraniline,  is  a  liquid  Imiling  at  214°  C.  (417.2^  F.).  (1  :  4)  CklotfifM- 
not  crvstallixi-s  in  cvilortess  prisms,  which  gradaallv  turn  re<l,  melu  «t 
370  C"  (98.60  p.),  Niils  at  2170  C.  (422.tiO  K.);  is  conVerted  by  fusion  «)lh 
{totash  into  hydroquinonu.  All  the  three  clUoropbeuohi  have  a  very  piiii' 
gent  an<i  persistent  odor. 


M 


Dirhlnmphfnn).  r,n,n,.OlT,  probably  r,.OH.C'l.n.n.H„  obtained  by 
distillation  of  diehlorosiiliovlic  acid,  liiella  at  430  f.  (1(19.40  p.),  and  biil* 
at  2lt!»oc.  (408.20  K.)._rr.rA/,,rn/.Ari,W,  f',M,fl,.OH  (I    :  3   :   5,(111.    tli. 
chief  product  of  the  action  of  chlorine  on  phenol,  melts  at  OHO  c.  ' 

F.),  and  boils  at  244°  C.  (471.20  F.).— /V«/ar/i/orn/)/ir«K)/,  C^Clj. 

tained  hy  the  action  of  chlorine  on  phenol,  in  presence  of  antimonio  elil|fl 
ride,  melts  at  1870  C.  (3ti8.()0  p.).  ^| 

Bromophenola. — The  thren  monobromophenols,  C,H.Br.OH,  are  oh- 

taineil  from  the  three  corresponding  hnmianilines  :  the  1  ;  2  and  1  ;  4  modi- 
ficntions  bIbo,  by  passing  bromine  vajKir  into  phenol,  and  by  the  action  of 
bromine  on  a  solution  of  phenol  in  glacial  aoetio  acid.     The  ortAo-  and  1 


~andiiwM^ 


j 
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WttiXtemlUms  are  liqaid. — nirahromofiheniJ  forma  large  crvstaU  ;  melu  at 
MO  C.  (147.20  v.):  boils  at  230-^  C.  (45ti.feO  K.;;  aii<i  is  converted,  by  tliu 
apOnn  lit  plinnpliurus  ]i«ntabromidt>,  Into  paradibromobenzene. 

Vm./,  (;,ll,Br,.UH  (probably  1   :  2  :  4,  OU  in  1),  obtained  b/ 
I  .  .if  phuii.il,  uiells  at  4('^  C.  (104O  F.). 

J  ri'n'iifi'lirnol,  L\ll,liTymi   (1:3:  5,  OH),  precipitati-d  by  bromine- 

«atvr  fnjiu  the  aquuous  solution  of  phenol,  i;ry.staUiz<»  Iruiu  alcohol  in 

nlLv  ii.~,Mn«,  ujelling  at  a5'-'  C.  CJOSO  K.)-     By  I'Wrj  it  ia  converted  into 

.  nxene,  melting  at  Stf>  C.  (2titi.40  K.)  (p.  824;;  by  uitrio  acid 

111  1' id. 

J'uUiiUuHwiJmiol,  C,Br,.OU,  molu  at  2250  C.  (437<^  F.). 

lodophenola. — The  three  monoicxiopbenols,  C,H,l.OH,  are  formed,  to- 
(;>-thrr  with  tri  iixlophiMiol,  by  treating;  phenol  with  iodine  and  iodic  aeid 
lU  presence  of  free  alkali  : 

5(c,H,.on)   +   21,   +    io,n   =   3n,o   +    b(C,h.i.oh). 

On  aniHTsaturating  the  liquid  with  hydrochloric  aoid,  and  distilling  the 
prn-ipilated  oil  with  ateam,  a  liijiiid  luunnitMlophriiiil  (1  :  2)  potiiii-tt  over 
first,  then  a  Bolid  (1  :  3),  and  finally,  tri-todoplieiiol ;  and  the  residue 
Kintains  a  considerable  quantity  of  the  latter,  whlrh  may  be  extracted 
I'v  ;iIl-o1io1.  The  third  monoiiKlopbenol  (1  :  4),  which  in  easily  soluble  in 
«ii.  r,  \»  found  partly  in  the  iii|Ui'ti(i8  dilution  from  which  the  crude  iodo- 
pli>:nol  has  lH>en  precipitated,  p.irttr  in  the  aqueous  distillate,  and  partly 
in  the  alooholic  solution  from  wliicli  the  tri-iodophenol  has  crystallized. 
(1  :  2)  Iijilophenol,  produced  also  from  (1:2)  umidophenol,  uiid  by  dis- 
iion  of  iiKlusalieylio  acid,  is  a  liquid  which  does  not  solidify  at— 230 
,  ( — 'J,4^  v.).  It  is  easily  deeom|Miaed,  with  sepnration  of  iodine,  by 
iloriui)  and  by  nitric  acid.  By  fusion  with  jxitflsh  it  yields  jiyroeato- 
liu.  (1  :  3)  IiKlopheuol,  prwluced  also  from  iiietfiindatiiline,  is  some- 
IfTi  ■  :  -■iii;ly  soluble  in  water,  orystallizi-s  frmii  aUvihol  in  six-sided 
ii;,'  at  tiyO  (;.  (192.20  v.);  is  not  decoiuposed  either  by  chlorine 
arid.  By  fusion  with  potash  it  yields  resorcin.  (1  :  4} 
lupbenol,  obtained  also  frtun  para-ioilaniline,  is  Very  soluble  in  water, 
rHtaIliz<-»  in  shining  needh^s  melting  at  U4"-(i(P  C.  ("l47.20-I5ll.SO  V.)  ; 
\  dr*ynn\fKiv*i  by  nitri<r  acid,  but  not  by  ohluriue;  oouverted  by  fuaiou 
'ith  potash  at  lUU'-'  into  hydroquiuouu. 


NltTOSophenol,  C,H,(NO).OH  O  :  4). — This  compound  is  formed  :  1. 
the  action  of  nitrous  acid  on  phenol : 

C,Hi.OH    +     NO.OH    =    H,0    +    C,H,(NO).OH ; 

\Ab  a  (odinm  salt,  by  hnatlng  nitrosodimethylaniline  (p.  838)  with  dilute 
>»-ljre : 

^H4(N0).N(CH,),    +    NftOH     =    NIKCiy,    +     C,n,(NO).ONa . 

|l»  hydrochloride  of  nitrosmlimethylaniline  is  added  to  a  Isiilinp  dilnts 
Intion  of  ejiuslic  so<la  ;  the  diiuethylaniline  is  distilled  olf ;  ami  the  reai- 

f,  ariilifle^l  with  dilute  sulphuric  acid,  is  shaken  up  with  ether, 

'  Nitro»ophenol  crystallizes  from  hot  water  In  slender  colorless  needles, 

llieh  soon  turn  brown  ;  from  ether  in  large  brown  lamina*.     It  dissolvi-a 

|Ui  light  pri'en  ixilor  in  water,  ali'oliol,  and  ether;  easily  also  in  dilute 

ia-lye,  forming  a  siKlium-snIt,  which,  on  addition  of  strong  caustic  soda, 

kU«  In  red  needles  containing  C,lI,(N<i).UNa-f-  2ll,U.     SalU  of  Uia 
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hearjr  metaU  added  to  this  (olation  tJtrow  doirn  uaorphoaa  A»tk-< 

precipitate?. 


»t     - 

nitrous  avid  into  diaxobutuofue  tutrftU 


til'  a<  Id    intv  |'Aijxuk:i>{>b<Ml' 
C,H,(SO).OH  4-  3N0,n  =  <'.U»<$|">(),  +  NO.R  +  H,o. 


I 


Willi  uiillne  aoptat«  il  v'  ' ' 
On  adding  8tr>:)ii^  sulj 

tb«  solatiou  assumes  a  J 

a  fine  blue. 


At^lV^^U    Ul 


uii-lu  at  4.WC. 

I.V        I'l    'I  il.l,,       /     I 


Thee«  oomponnds,  whirh  ore  all  of  acid  cltaraetar,  «r»  MKQjr  I 
dirvcl  nitration  of  phonnl. 

MououitropheunU,  QII/NO^.OIT,  H  ;  3)  «n4  (\  ;4),ar*oHMa 

bygtaduailynii'iiii^  1  pfudif  iilii'Qol  to  1! 
di.ssolreid  iu  4  parts  nf  «  al<r.     Tli>;.T  m.i 
water,  as  only  tlio  orllio-c<)ui|)<)nnd  yolaii..*.-.  .. .. 
oompouuds  are  prijiiuix><l  hy  lu-alini;  (1  :  -)  and  (1 
in  soal«d  tuliee  witli  almliolir  ainiiionia. 
tahj  be  prepared  br  lioiliiig  tlmdiaKmilr 
(1  ;  3)  nitroaiiiline  Tritli  wnter  :  tlio  (1  : 
nitraniltne  witli  very  6tn>ng  vulntion  of 

(1  :  U),  cnniinonly  i-allod  tiUalila  tiilnij 
prisins;    di!uu>1vi>«  Hpariii;;!/  in  water,  •' 
onsily  with  v.njmr  of  wadT  ; 
C.   (417.2'='  v.);  tyinv.Ti  ■ 
siNliiiiii   n.ill,  »',H,(NO,). 
and  the  ini'tliylic- I'tUer,  '.    .         ..  , 

tuelhjrl  iodide,  inella  at  i^^C.  (4-.-^  K.),  aii'l 

(1  :  3)   Nilruplieuol  forms  coUirli.^3  needles.  ; 
melting  at  ilijO  f.  (2(»4.80  yy 

(1:4)   Nitroplienot  fonim  long,  oulorlccs  nevdlea, 
(23'.K3K.),onnTerti-<l  by  I'(  1,  into  (1  :  4)  .'  '  •     ' 

etlier  luolu  at  4K-  C.  (11-. 4='  K.),  bulls 
Verted  by  beating  willi  iiirii,..,iiii  into  (1 

ttinitrophenci,  (.  MI  (1:2;  4 — l)H  tn  I),  b  Ibnw4  I 

the  setlon  of  stroDK  "i"  ■   I'^'"'"''  nril  on  n.  nn.l  ;.  nifc 

•Iso  by  Intling  tile  v<irr<s-|Hiiuliii((     ' 
(j..  Ml)  with  Blknli.~«.     t '..).. rlrwi  1  ,:i37J 

T"  i  (1  :  :i  ;  1} — I  '11  III  I ).  f-ruirO.  1 

til'  Kijibenol,  cryitalUm  iu  ixmllw'^ 

63^~-»-*-  \  .  \i-*.'.t    — |.t(.„      r.), 

Ilotli  Uicse  coinpouiida  are  oonvertwl  by  further  allratioo  lal*  ; 
arid. 

Two  oilier  .1 
log  at  1IV40  ( ■ 
by  furtlter  nitriiUuii  iiii" 

Triul  t  roji  l(«M«il"  l— Two  ot  iUf 

kniiuii.     (1)   .' 
«/"»W,  U  fiirtui  ; 
t/ujdleUiil.      Il  I.  jun..  •III. 


NITBOPnENOLS 


dd   npon  intligo  and  nnraeroas  other  sobetanceii,  as  silk,  wool,  leveral 

■ ;  •spuoialty  tlint  of  Xaulhoryhini  liiislilii  (yellow  gum  of  Botany  Hay), 

ml  iioiuo  of  it-s  ilerivatives,  <x)uiuariu,  etc.     It  is  nrnst  fooiiomically 

1  from  phenol.     Ouo  part  of  that  substance  is  gradually  a(l<lu<l   to 

itrio  acid  slightly  warmed,  and  wheu  the  iirxt  violent  reaction  has 

1,  three  parts  of  fuming  nitric  acid  are  ai hied,  and  the  liquid  is 

jiic^  lill  nitrous  fumes  are  no  longer  evolved.     The  resinous  mass  thus 

roduotMl  is  Ujiled  with  water;  the  resulting  picric  acid  is  converted  into 

Hlium-aalt ;  and  the  solution  mixed  with  sodium  carbonate,  which  throws 

i>^n  the  sodium  picrate  in  crystals. 

Picric  acid  crystallines  in  yellow  shining  prisms  or  laminip,  having  an 

itensely  bitter  taste.     It  melts  at  122.50  C.  (2.i2..'i^  K.),  siihliuu^  when 

Mitiousljr  heated,     it  dissolves  sparingly  in  cold  water,  more  easily  in 

ot  wat«r,  Mlill  more  in  alcohol.     It  stains  the  skin  deep  yellow,  and  is 

•ud.  aa  a  yellow  dye  for  wool  and  silk.     It  is  a  strong  acid,  fiinniug  well- 

rjrstallixed  yellow  salts,  which  detonate  violently  when   heated,  some  fif 

bwn    also  by  percussion.     The  /miassiinn  Mill,  C,H,(Ntl,)j.OK,  crystallin-s 

needles  very  slightly  solulil.)  in  water.     Tlw  sotlium,  ammoiiium,  an(\ 

:>U  are  easily  solnhle  in  water. 

»ijtiMv'  jiicratt,  (",IIj(Ni>j)j.tU'Il,,  fonned  by  nitration  of  anisol  (p.  8G3), 

■ntnliizes  in  tables,  which  melt  at  iH<0  C.  (l-HC  V.)  and  sulilime,     >,'%/ 

&nair  forms  colorless  needles,  which  turn  brown  iu  the  air,  and  melt  at 

W.i  O  c.  (173.30  K.). 

ncrale*  of  UyilrocarboHt. — Picric  acid  affords  characteristic  reactions  for 
the  ilot«ction  of  curtain  hydrooarhons.  For  this  purpose,  it  is  oouvoiiient 
t«  iiae  an  alcoholic  solution  of  the  acid  saturated  at  2tiO-;)(jO  ('.  ((!60-8UO 
P.),  and  either — (1)  add  the  hydrocarUm  to  the  cold-saturated  alcoholic 
kulation  ;  or  (2)  mix  the  picric  aci<l  solution  with  a  hot  ah'oboliu  solution 
of  the  hydroearlKiu  ;  or  (H)  dissolve  the  Iiydrocarlwin,  with  aid  "f  heat, 
in  the  picric  acid  solution.  The  following  couiliinc  under  these  cireum- 
inon*  with  picric  acid:  A'd/i/iMii/cMrislliconlysolid  liydnK'arlKin  whose  colil- 
raled  alcoholic  solution  is  precipitatiil  by  picric  acid.  The  uini|>ound 
I  dvlicata  stellate  grou|)«  of  yeUovv  m-edles,  easily  soluble  in  alcohol, 
treated  by  metho<l  2  or  3,  forms  similar  needles  of  an  orange-yellow 
oulor.  Aulkracrne  also  forms  rubv-colored  needles  still  more  soluble  than 
th'^  precetling  ;  the  red  aU'oholiu  Siihition  is  decolorizi'd  by  a<UUtii>n  of  a 
little  more  alcohol.  Other  liydnicarlxins  lontaiiied  in  rriute  anthruceno 
exhibit  the  same  reaction,  which  iip|>c:irs  to  Ik'  peculiar  to  anlhraceno  and 
tta  liomolognea.  They  may  lio  distinguished  from  oiio  another  by  tlio 
appearance  of  the  precipitates  under  the  microscope. 

Picric  acid  is  convertol  by  I'tClj  into  tr  in  i  trochlorobontene  , 
C,II,(NO,),(;'l,  which  is  reconverted  into  picric  acid  by  iK.iling  with  water. 
Picric  acid  distilled  with  calciuiu  hypochlorite,  or  a  mixture  of  potassium 
chlorate  and  hydrochloric  acid,  yields  c  liloropicr  i  n,  C(NO,)CI, ;  and 
with  caloiiim  hypobromitc,  bromopierin,  C(NOj)Hrj  (p.  527). 

Itopicrie  acid,  C,H,(NO,),.OH,  formed  by  the  action  of  fuming 
nitric  acid  on  inetanilrophonol,  crvstallinea  from  hot  water  or  from  nitric 
■cid  in  light  yellow  prisms,  melting  at  174°  C.  (:$45.20  F.).  It  stains  the 
ikia  yellow. 

Picroeyamic,  or  Ttopurpuric  orirf,  C,HjN,0,,  not  Vnown  In  the 
free  aUte,  is  form.il,  as  a  potassium  salt,  C.HjNjO.K,  by  dropping  a  hot 
solution  of  picric  acid  (1  part  in  9  of  water)  into  a  soluticm  of  potassium 
cyanide  (2  parts  TNK  in  4  of  water)  beat.xl  to  il(»  C.  (140-  F.).  This 
salt  crystalliies  in  brown-red  scales,  having  a  green  luelalliu  lustre,  spar- 
ingly Bcduble  in  c-old  water,  dissolving  in  hot  water  and  in  alcohol  with 
deep-red  color  (test  for  hydrocyanic  acid  and  meUllic  cyanides).  Detonate* 
ugiy  when  heated. 


jUvi 


8S8 


rUKMOLS. 


Tt»    diiUtropIi«iu>U    U«*t«d   with    potiialnni    tymUlu  jMi   tiaOu 
derirnUres. 

\itrakatard   d*r>ritlirrt    of  ftk*»ol,    C,  Oil, 

produced  bf  the  actiun  uf  lialognu  eUituvtiU  on  Ui  ">•. 


Amidapktitoli. 


Th«s«  compnaodi  ftr«  formni   br  the  action  of  nvlucilDr  Htoiti  da  I 
wAUvphfOtoiB,  the  •'•'"'"■':'"''"      " 


>>lirn   II  rvpUom  UwwiMtoi 


mum 

f^fraiiiv-i  itf    I  tit- 


pou'.i'is  ari' 
coiuponudi, 
dlsrill.ttion 
rl. 


i.lophrnols,    rjH,(NH,).On.— T1..1   m-tlu>-    and 

f..rui.si     liv    r<-<ltii  1  inn  (tf  tllH    Oitrrf-t..-n.!  Ill  •     iiitr.-»_    nr 

tjocliloric   • 
I.— (1  :  2) 
.»;   (1  ;  4)  iiilui  li-os   ii.'«lli:S,  »  ' 
^■>lu)llo  in   oilii  «ral«r,  more  ••:: 
crv<-!.illi/.-(  i^alts  witli  acids  :  o- mulla  at  UlN  Ho;j>'-'  V.i,p-,  wtUt 
puBlUon,  at  1»40  C.  (3(J3.20  K.). 

Amidonitroplixiiol  nr  Pirrainie  a 
The  amtni'Mium  salt  "f  this  arid.  fnrmM  bv  j. 
an   alo  ' 
and  is   '  >u 

rod   D<X'-ii>  ,1.    iiivMiM^    ,it    !....■-    v_  .    \.. I   .,, 

Tri-amidnphnnol,  Cr.ILfJJH-V.On.  i«  a  Iriaijil  haii>  ik.|  Immmt 

II,,     -.         .  .......  ....    .....       ,:. 

of 

i»a^.<,. 

oblainod  \>y 
treating  tJi-' 

brdrof^ii   Biilplinlr-,  iT/st«lli*<.-n  in  DM'<iic9   ' 
iu^ly  III  stpniu  liydroclil'irio  ncwl.     Kroin  f 
■cparitti^d   wiltioiit   di->' 
niix>'<l  with  ferric  tlilut, 

dftxisita    the    hydrouhlurmt:    m     niui'in -u  i  i  m  i.lupho  no  I , 
/Ml. 

•  ^  NNII.^  •     '  yllnw-I'rTiwn    n"»«lli.<«,  hariug  a  blov   thltimnT  ' 

rvlli.<oted  light,  and  dlssolviDg  in  water  vitlt  a  An*  bliu  color. 

Dta«oph»nol   (jxim). — ^Th*  a»rrof«,  C,Hj^^^  .^,_^, ,    , 

toi;tttbnr  with  »-  and  /i-nilrophnnol,  by  pftH»lu|<  n 
rval  Mlation  of  plion-d   or  nili<isiiph>-ii»l  tx«>l'  I  < 
In  light-brown  n<-<-<llcs.     Thn  nlhi>r  Halt*  o(  t 
ligti  witll,  art*   nhtx'tutMl    by  (wuming   nitr<iii«    .': 
cr  '  MlilMpb^ntil.       TbL'   jal 

ai'  All  these  aalta  arc 


I  ..*« 


'*<4l 

u 

or 

r    tlio 
and  H 

'^3 
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Phenol- tulphonic  acid$. 

ol   diasolres   easily   in  strong  sulphuric   aoid,  forming  ortho-  and 
o-pUi-nolsulphonic  acid,  C,H,(()H).Sl)jU.     At  ordinary  teinporatiires, 
'tb«  ortAo-arid   is   aliaost  the   only  proiiuct,  but  it  eajtily  changes  into  llie 
fom-acid  when   ht-ated.     The   two  acids  may  l«)  soparat«'d   hy  fractional 
crystallization  of  their  polassiimi  salts,  the  /)-aalt   Beparatiiig  out  llrst  in 
elougate<l,  hexagonal   taljles,  which   are  anhydrous.     The  mother-liquors 
yield  the  o-salt  in  long  colorless  spicules,  conlaiiiiug  211,0.     Most  of  the 
aUter  salts  of  the  /i-acid  are  less  soluble  tliau  the  corresponding  o-salts. 
^Bf  two  acids  are  not  known  in  the  free  state.     The  sodium  salt  of  the 
^^(oid,  heated  with  Mnl ),  and  sulphuric  acid,  yields  (^  u  i  ii  o  u  u  .     Treated 
^HUi   PClj,  it  yields  /i-i-hlorophenol   and  /j-<lichlorobenzeiie.     The  o-aoirl 
(Used  with  potash  yields   pyrocatechin  ;    the  /tacid,  by  molecul.'ir  trans- 
nation,  yields  resorciu  (see  Diatomic  Puknou). 

n/jJiaiulialpltoHic  mill  is  formed  as  a  potassium  salt  by  heatini;  potaa- 
I  bcnxene-metadisulphonate  dissulred  in  the  smilltut  possible  quantity 
rater,  with  two  or  three  times  its  weight  of  potLssium  hvdroxide  for  a 
liderable  time  to  17t»-lSllO  C.  (3390_3560  F.).     The  greater  part  of 
•slum  sulphate  formed  at  the  same  time  having  been  removed  by 
lizatiou,    the   metaphenolsnlphonate    may   be   extracted    from    the 
Bf-liquor  by  aloohol.     This  salt  crystallizes  from  water  in  groups  of 
soluVilo  elHoroscunt  scales  c^mluiuiug    1    luol.   II,<).     The   free  acid 
oouceutric  groups  of  very  soluble  needles.     Ferric  chloride  cohirs 
the  solutions  of  the  three  acids  violet. 

P)umoldisvli>honic  arid,  C,Hj(OII)(SOjn)j,  is  formed  hy  heating  phenol  or 
o-  or  p-phenolsulphouic  acid  with  excess  of  strong  snlphurio  aeid,  whence 
it  has  the  structure  1  :  2  :  -1  (Oil  in  1);  also  by  the  action  of  sulphuric 
on  diiUo)>enzene  sulphate.  The  solutions  of  the  acid  and  its  salts  are 
pred  dark  red  by  ferric  chloride. 
imJirisul/Juntic  acid,  C,H,(OH)(SO,H),  (1:3:5,  Oil),  formed  by  the 
lioa  of  strong  sulphuric  acid  or  phosphoric  anhydride  oa  phenol,  crys- 
" — kin  thick  prisms  containing  3^11,0. 


sU,  C,n,0  =  C,H,<^m*  . —  TiJy!  akolioli. — r\ira-  and  ortAo-cresol 

in  c^al-  and  wooil-tar,  together  with  phenol,  and  may  be  separated 
oui  the  latter  by  fractional  distillation  ;  but  they  cannot  easily  bo  sepa- 
rated one  from  the  other.  They  aro  obtaineil  in  the  pure  state  by  fusing 
the  potassium  salts  of  the  correstiomling  toluenesulphunio  acids, 
C,H,(<-'Hj;(riO,H),  with  potash,  or  from  the  eorres[Mjnding  l<iUiidinea  hy 
the  diazo-reaction  (p.  854).  They  are  converted  into  tolueno  by  lieuting 
with  xinc-dust,  and  into  the  corresponding  oxytoUiie  or  crcsotio  acids, 
,(CHj)(0U)(CO,H),  by  the  action  of  aiKliunt  and  cwbun  dioxide, 
Jrthocresol  is  likewise  obtained,  togellier  with  projieno,  by  heating  car- 
ol (cymophenol),  t',„U,,0,  with  phosphoric  anhydride: 

CioHijO    ..    C,H,0    -f     C,H,. 

^  a  oolorl«s  ervstalline  mass,   melting  at  31Q-31.SO  C.  (87.60-88.7° 
),  boiling  at  18,'><5-]SliOO,  (Ilii.'iO-Smi.HO  p.);  cy,lore<l  blue  by  ferrio  <-hlo- 
By  prolonged  healing  with  potassium  hydroxide  it  is  converted  into 
Jlicylio  acid, 

lUttttcrttol,  prepared  f^m  thymol,  C,,H,40,  in  the  same  manner  as  o-cre- 
•nl  from  carvaorol,  ia  a  colorless  liquid  which  smells  tike  phenol,  boils  at 
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201°  C.  (3!?3.^  K.).  ri-in&ins  liquid  at  the  temperature  of  s  mizlOR  cl 
[•olid  carbon  dioxido  and  ttlu^r,  and  i»  uunvertt'd  by  fusion  with  poUtk 
I  into  oxybouioic  acid.  lUi  utliylio  elhur  is  an  uU  boiling  at  HKP  C, 
)  <3740  F.). 

IhraneKJ  forms  coUirless  priMins  sm^rlling  like  pUetiol,  niflUng  at  'i0C.  ( 
(96. SO  K.),  and  boiliui-  at  I'JbO  C.  (3S^.4Cl  F.>.  It  dissolves  sparing);  ill 
wnUir,  forming  a  solution  whicU  isoolored  blue  hy  ferric  vbloridc.  BTloiim 
with  potash,  paraeresol  is  oonverted  into  paraoxjr  benioic  acid.  Ill 
fthi/lie  edirr  is  an  aromatic  liquid  boiling  at  ISSO  C.  (374.40  F.),  Tlie»«- 
t/ii/lic  rthfr  boils  at  1740  C.  (345.2°  F.),  ami  is  oxidiiwl  l>y  vhrotuic  acid  ip  I 
ln"elhvl-para<JXybeuzoic  (anisiu)  acid,  t.',H,(U('Uj)(C<>,H).  Tbencriirtliir,  | 
.  C,ll,.U.C,U,0,  U  a  liijuid  boiling  at  20»ci_2llo  c.  (400.4^-41  l.fcO  y.). 

Nitro-eresols  . — Soreral  of  these  compounds  are  obtained  by  nitJ*- j 
tion  of  jiaracresol. — <'^Hj{NO;)jO  crystallizes  in  yellow   needles  like  pitr>«  J 
aeid.^^",H,(NO,)0,  obtained  also  by  the  action  of  nitrous  a<'id  on  panO^ 
luidine,  is  a  dye-stuff,  known  as  Vicloria   j/rltov  ;  it  fonus  yellow  eryitalu, 
melting  at  S40  C.  {183.20  ¥.),  less  soluble  in  water  than  picric  acid. 

ThiocroBols,  or  Tolyl   Hydros  ulpbid  es  ,   C',ll,<\jj,' ,  arejirn- 

duced  from  the  three  toluenesulphonio  acids  by  reducing  the  correspoBd- 
ing  chlorides,  C,U/CH,)(SOCl),  with  line  and  hydrochloric  arid.     (M*e-,  ' 
shining  lamin»,  melting  at   ISO  c.  (51(0  K.),  boiling  at    ItJtOC.  (S70.*> 
F.).     .\tela-,  liquid,   not  solidifying  at  — IQO  C.  (14°  F.).     /hra-,  lirge  | 
lamina',  melting  at  430  C.  {lii».40  F.),  boiling  at  186«  C.  (370.40  If.). 

formula  indadea  two  I 


I 

u »U1U    WJLU    JHJIUSII  ; 

■  C,ll,j(CH,). 

1^  (i;(),K 


C,H,(CH^,OH 
C.H,(C,l00H. 


Eight-oarbon    Phenols, 

luetameric  phenols,  viz.  : 

Plraethyl-phenol          .... 
Kthyl-phenol 

Two    DimBthy  1-phenola  or    Xylenola    are  produced  by 
the  potassium-salt  of   xylenesulphonic   ncid,    C,H^SO,K,    with   poU 
liydroxiile.     On  decompo.sing  the  resulting  mass  with   hydrueliloria 
digesting  with  ether,  nn<l  distilling,  a  liquid  passes  over  at  :2100  C.  I 
¥,),  which,  when  exposed  to  a  winter  temperature,  separates  into  1 
lueric  moiliflcations,  one  crystalline,  the  other  liquid.     The  solid  ra 
tion  in  likewise  obtainod  by  fusing  the  potassium-salt  of  ozymeutylenit  ] 
aoid  with  iHitash  : 


4-     n,0     =    COjK,    -f 


Solid  Tylenol  melts  at  7.')0  c.  (1070  F.)  and  boils  at  2ieo  c.  (420.90  F.); 
the  liquid  miHlillcation  In.ils  at  20H.5Q-2(.)S..')O  C.  (4»13.7'^*-407.1J  F.). 

A  xylylio  phenol  is  mentioned  T>y  Dr.  Hugo  MQller  as  occurring  in  oaal- 
tar ;  tliia  Is  probably  also  a  dimethyl-phenol,  inasmuch  as  products  nf 
de^itructive  distillation  have  hitherto)  Ix-en  found  to  yield  only  methyl-de-  | 
rivatives  of  Ix-nzeiie,  The  portion  of  nlobol  (a  product  obtained  by  di»-  j 
tilling  aloes  with  lime)  wliicli  is  soluble  in  jiotash,  has  the  c^oni|Kisitiiin  al  j 
a  xylylio  phenol,  niid  is  perhajis  identical  with  the  jireceding.  t'rc>w>te,  ' 
from  beech-tar,  is  a  mixture  of  several  phenols  and  their  ethers,  aint  nfU* 

tally  consists  of  phenol,   cresol,  xylcnol,  guaiaool,  C,ll.(t>H)(<H.'UJ,  an^ 
creoBol,  C,H,(CH,)(OH)(OCH,), 
47' 
: 


Ethyl  -phenol ,  obtained  from  ethvl-henienesnlphonfc  add,  melts  *l 
470  (1.  (iiU.tio  F,),  boils  at  2110  C.  (411, Wi  F,),  and  jolatiluea  evtiti  at 
^ordinary  temperaturus. 


T£N-CilHBUN    PUENuLS. 
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P  h  I  o  r  o  I ,  on  oily  liquid  obtained  bjr  the  dry  distillation  of  the  barium 
salt  of  plilorntic  or  oxvthyl-l»-iizoic  aciJ,  C,!!,/!,  or  C,Uj(OC,H.).CfJ<JH,  is 
•Iso  lui  elliyl  phi'UDl,  iu  lurmatiuu  bi'lug  it.<i>i(.-iii'Ut>.Ml  liy  iLu  viiuntion  : 


C,Hj(OC,n,).COOU 
Ptilorctiu  Add. 


CO,    4- 


PbloroY 


Pliloml  h  a  coIorU'sa,  titrongly-rpfrarting  oil,  hariiig  a  spt'cillc  gravity  of 
1.0H74  at  120  C.  (53.UO  1'.),  aud  Ixiiliiig  nt  22liC  c.  (42»^  F.).  It  dissolves 
In  %tmiig  Hulpliurio  acid,  fanning  a  Hulplin-aoid  which  yii-lds  a  soIuIiIh 
iMrlDin  «all.  Willi  ohloriim  it  forms  n  Kubstitution-product.  It  rcavts 
▼ioleutly  with  strung  iiitrio  acid,  fiimiiiig  tlic  uomiMUiid  C,H,(XO^,0.  By 
•odiiuu  aiid  carlion  dioxide  it  is  converted  into  phloretic  auid. 

Ten-Carbon  Phenols,  r',gU„.OII. — Two compoimdjs represented 
by  this  riirmiil.i  arc  kuuwii,  \it.:    thymol  und  carvacrol.     Both  are 
»|jetliyl-pn)iiyl-phennli<,  C',Hj(t.'ll,)(0,il,)(Oll),  aud  have  the  methyl-i; 
iu  the  para-|iositinii   relatively  !*>  the    pnipyl-group ;  but  in   thyraul 


iu  the  parft-|i _ ^   -    ,-   r.  -  c= — ,■ 

CFIj-gruup  stands   to  the  OU  in  the  ineta-position , 
ortho-position,  thug : 

CH,  CH, 

y\  /\0H 


OH 


-group 

'I    the 

in  carvacrol  in  the 


m 


Oarraorol. 

Both  are  r««olve<l  by  heating  with  phoHphoric  anhydride  Into  propene, 
C,M,,  and  ore^iol,  thymol  yielding  meta-,aud  carvaurul yielding  ortho-creool 
(p.  869). 

'f- '    ■xista,  together  with  cymene,  C|,H|,,  and  thymene,  C,jH,,,  in 

ti  'ils  of  thyme  (  T/it/iniif  nrrfujiiniH),  horse-mint  (Mentha  nt/lrfiitrU), 

/',  •,  ■mm,  an  Eu.st   Indian  plant,  and  Moimnla  /iiiiictiilu,  or  Oswrgo 

Um,  a  native  of  North  Ami^rioa.  It  crystnlluiii  in  Urge  traniip.areut  plates, 
bu  a  mild  o<ior,  a  pupperv  taste,  melts  at  4^  C.  (111.2^  F.),  and  Ixiilg  at 
230O  C.  (+400  F).  Its  mcMy/ic  ether  boils  at  200°  C.  (401O  F.),  the  tthglic 
et**r  at  iitiC  C.  <42so  F.). 

Thymol  treati>d  with  hromine  in  snniihine  yields  pen  tab  romo  thy- 
mol ,  C,oU,Brjl>,  and  with  rhturine,  C',oU„CI,d  or  f'ljH.CI.O,  accordingly  as 
Ii,^.  ...,...,..„  takes  place  in  the  shade  or  in  sunshinu;  both  of  these,  as 
V.  iiromine-compound,  are  crystalline. 

■  two  nitrothymols,  r,„n„(NO,),0  and  r,„H,,fNO,),0,  ob- 
tained by  the  action  of  nitric  acid  on  thymolsulphonic  ncid.  Both  form 
]iiil»!>ium  salu,  which  crystallize  in  yellow  or  ornnge-yellow  needli*. 

6'arrncro/,  Oxi/ri/mrni',  or  Ci/mitfto/,  is  obtained  by  fusing cymene- 

tnlphonic  acid,  C,oH„.Sn,n,  with  jwta.-ih,  and  by  heating  camphor  with 

—  ^flfth  of  its  weight  of  iodinx;  also  from  the  isomeric  romponnd  oarvol, 

tainod  in  oil  of  caraway  (Cimim   Ciirui),  by  heating  with    phosphorio 

»  thick  oil,  not"  solidifying  at  — 25°  C.  ( — 1,10  p.),  boiling  at 

.  (4.i|.40_4.1.'iO  K.). 

1  I  cirracrol  distilled  with  phosphoric  anhydride  yield    two 

i'  lis,  r|„Il|,.!^H,  both  of  which  are  non-solidifving  liquids, 

1  at  23<iQ-2310  C.  (44liO_t47.80  F.)  ;  thiooynienol  at  235° 

C.  C4ii-  I-.;. 
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Diatomic  Phenols,  QH^_,(OH),. 
There  are  sereo  known  compouuda  includeU  in  this  rormolk,  t1i.  : 

Pyrocatcchin — Resorciu — HydroqniuoDe 
Oniu — lIomi>-pyri)catechin    .... 
fiela-orciu — Uydrophlorune  .... 

These  compounds  kre  rormud  by  the  action  of  mulling  potash  on  Ibi 
nionolinlu'id  derivatives  of  the  monatoniic  phenols,  and  on  the  plienoUol- 
phuuiu  acids : 

C.HjCl.OH  +     KOH    =    KCl        +     C,U,(OH), 

C,Uj(OH).S0,K  +    KUU    =^    SO.K,    +     C,H,(OU),: 

also  on  resins ;  and  by  the  dry  distillation  of  aromatic  dioxyacids — lud 
as  ozysaUcylio  acid,  C,U,(UH),.CO,H,  with  lime  or  baryta : 

C,U,(OH),.CO,U    =    CO,    -J-    C,H<(0n),. 

Fyrooateohin,  C,U,(OtI),  (1  :  2),  also  called  Oxf/Ae»ie  aeiJ,  i 
form«l :   1.   liy  lusiiig  orthoehlor-  or  orth-iodophenol  with  |>olajh.    2. 
tlin  dry  dinlillfttifin  of  oxyiialiwylio  or  of  protuoatcchuiu  acid,  (',11,11,. 
Uy  dry  dislillaliuu  uf  cateeliin  (the  juice  of  J/inuiMi  ailnJui),  from  wlii<4 
it  was  first  obtained  ;  also  froui  inurintannic  acid   (the  yellow  colaring 
matter  of  Mariu  linctoria) ;  and  of  wool,  wlienoe  it  is  found  in  wood-rlaetiu. 
4.  Bv  healing  its  methylio  ether  (guaiacol)  with  hydriodic  acid  to  80UO  C. 
(3920  K.). 

C,H.(OU)(OCH,)     +     HI    —    CH,I     +    C«H4(0H),. 

This  reaction  affords  the  best  method  of  preparing  it. 

I'yrocaU-uhin  crystallizes  iu  aliurt  square  prisms  ;  sublimes  even  at  ordi- 
nary temperatures,  in  shining  laminie  ;  melts  at  I04O  c.  (ilS.^-'  P.),  and 
boils  at  'J^A.&O  C.  (473.9<3  F.).  It  dissolves  easily  in  water,  alcoliul,  and 
ether.  The  aqueous  solution  mixed  with  frrric  ddoride  assnmM  a  darli- 
gret<n  color,  changing  to  violet  on  addition  of  a  small  quantity  of  ammo- 
nia, aoid  sodium  carbonate,  or  tartaric  acid.  Pyrocateohin  rediires  tdrtt 
nitrate  at  ordinary  temperatures,  an  amnioniacal  solution  of  copper  with 
the  aid  uf  heat.  Sitric  arid  acts  violently  upon  it,  forming  oxaliu  acid  auii  » 
small  quantity  of  a  yellow  nitro-oomponnd.  With  ncfti/l  rjjnrirlr  and  luMTmil 
Mnriile  it  forms  the  compounds  C,H,(O.C,H,0),  and  Cjfl,((i.f,H,0),,  luitti 
of  which  are  crystalline.  Its  aqueous  solution  forms,  with  Irodi  arrtnir,  > 
white  precipiUte,  C,HjO,Pb. 

ifethyl-pj/rocateehin  or  (7«o  I'nr o/,  C,H,0,^  C,H,^^,„   '  ,  is  nn« 

of  the    constituents    of   beeeh-taf  creosote    (p.  870),    and  may    be    »ep»- 
rati<d  therefrom   by   fractional  distillation.     It   is   prodnce<l  by   heating 
pyrocatechin  with  potassium  hydroxide  and  potassium  methylsnlphste  to 
180O  C.  (S-lfiO  F.);  hv  heating' methvl-pvrocatechuic   acid  with    calciiMB 
hydrate  :  C.HjCCUj)^,  =  CO,  +  C,Hj(CHj)0,  ;  and  by  dry  distillatitai  ^M 
guainc  resin.  ^^ 

Oii.'iiacol  Is  a  colorless  liqnid,  having  a  speciBo  grarlty  of  1.117,  and 
boiling  at  20(»  r.  (392=  P.);  slightly  soluble  in  water,  easily  in  alcohnl, 
ether,  acetic  acid,  and  alkalies.  It  forms  crjTitalline  salts  with  the  alka- 
lies and  alkaline  enrth!<,  and  its  alkaline  solutions  rednce  the  salts  of 
gold,  silver,  and  copper.  By  healing  with  hydriodic  acid  or  fusion  wi'l' 
potash,  it  is  resolved  into  pyrocatechin  and  methyl  iodide  or  roetlitl 
alcohol. 


aVDBOQUlNONE. 


ZHmetkyl-pi/ncateeJutt,  C,H,(O.CH,),,  formed  by  heating  the  potassinm- 
lerivstivv  of  nw.'thyl-pyrucutecliiii  with  lui'tliyl  iudiiiu,  U  a  liquid  boiling 
X  2l>50  C.  (401O  v.). 

ReaoToln,  (  5ll,(l"»n)j  (1  :  3),  is  formiMj  by  tlin  actirm  nf  ini-lling 
HiUmh  lui  tlif  jiiirii-iuiKlifirations  of  eUlnruiihemil,  iiMbiplii-iinl,  ehltiro-,  and 
in>tao-l»-nx«u«!iul|jliuiiic'  acids,  pbi'iiulniiljilionic  ami  bcuiciu-disiulphonio 
cids  ;  &Uu  on  some  compoaiids  not  Wluii^litg  to  tbe  para-tU'rieB.  It 
ppears,  indeed,  to  bu  thu  muut  btable  of  ttie  tlireu  diatomii'  phi-uulti,  and 
t  acojrilingly  proiluuod  liy  molmular  trmiBpusitiou,  i'«)>ccially  at  high 
nnperatares,  in  some  i.amfi  when  an  artbu-  or  pnra-Cdnipuinid  might  be 
Kpeoted  to  result.  Btisorciu  iB  aluo  formed  liy  the  action  of  uicltiiig  pot- 
■h  on  nnibelliff.'r«nf,  and  ou  rariuutt  resins  and  t^uui-resinij,  a.s  galliniiiim, 
■■afoetitla,  gum  amnioniaeum,  eagapeniiiti.  and  acarold  resin.  It  is  must 
•*iljr  prepared  by  tlie  <lry  diatillatiun  uf  extract  of  lirazil  wood. 

Resorcin  In  very  Bolnble  in  water,  ali<ohol,  and  ether,  and  crystalliies 
roin  very  concentrated  solutions,  in  prisuui  belonging  to  the  trinietric 
V4tem,  colorleHS  at  flr»t,  but  afterwards  becoming  reddish.  It  nieils  at 
.'lOO  c.  (23IIO  K.),  aiKl  boils  at  2710  C.  (iilil.SO  F.),  distilling  almost 
rithout  re.sidue.  Its  aqueous  solution  is  «>lore<l  violet  by  ferric  chloride, 
*  not  pr«!cipitated  by  lead  acetate,  and  rtnluces  silver  nitrate  only  at  tlie 
tioiUug  heat,  except  in  presence  of  ammonia,  in  which  case  the  redaction 
t^eA  plaoo  it)  the  cold.  These  characters  distinguish  resorcin  from  pyro- 
wlechiii.  A  very  delicate  ti-st  for  reaoroin  is  its  conversion  into  fluorescein 
(^.  r.)  by  heating  with  phthalic  anhydride.  Brouiine-water  added  to  the 
iqueuus  solution  throws  down  the  Iribroinn  rumjmuml,  t",IIUrj(Oll),.  Re- 
nein  »lao  forms  a  tnactt^t-cumixmHit,  (',Il3(CjlI,0)(O.r,Il3tl)„  and  two 
m^fl.dtTivalivtt,  r,.Hj(0.(',lljO)„  and  f,fl5(r,HiO)((l.C;llj()),. 
^^SitTO-retorcitti. — Iji-uitrornurrcin,  C',H,(NO,).,.{(>H)„  formed  by  add- 
ing potassium  nitrite  to  a  very  dilute  solution  of  resorcin  mixed  with  acetic 
acid,  orystalliita  with  mokfules  of  water  in  yelluwish-gray  or  brown 
laminae,  which  detonate  when  heated  to  ll&O  C.  (23!lC  K.). 

Triiiitrorrmrtin,  Oxypieric,  or  Syjiknic  arid,  C',H(NOj)j{()H),,  is  produced 
by  the  action  of  cold  nitric   acid  ou  several  gum-resins  (galbanum,  saga- 

ggoam,  gnm  ammoniacum),  and  on  many  vegetable  extrai^ts  (Sapan-wood, 
rasil-irno<l ,  etc.);  also  by  heating  meta-nilrophenol  with  slrong  nitric 
•irid.  It  crystallizes  in  larjfe  yellow  hexagonal  prisms  or  laminaj,  spar- 
'-  '-  -.-.luble  in  water,  melting  at  175^  C.  (347^  ¥.),  and  subliming  when 
-ly  heated,  exploding  when  quickly  lieBled.  Wild  fernnis  sul- 
,;....-  .ind  lime-watiT,  it  exhibiu  at  llrst  a  green  color,  which  afterwards 
diaappears  (distinction  from  picric  acid,  which  is  thereby  c<4ored  blood- 
md).  Trinitrori-sorcin  is  a  strong  bibasio  acid,  forming  well-crystalliiBd 
■fit*,  which  detonate  violently  when  heated. 

WTri-amulnrrtmrcin,  C,H(NII,")5(OH),.— The  hydrochloride  of  this  base, 
7-,Tl,N,0,..SHCl  -f  H,0,  produced  bv  the  action  of  tin  and  hydrochloric 
acid  on  trinitroresorcin,  forms  large  yellowish,  easily  soluble  crystals. 
The  solution  of  the  stanno-cbloride  (the  immediate  product  of  the  reaction) 
it  colored   dark-red   by  ferric  cbioride,  or   by  exprwure  to  the  air.  and  de- 

Ptita  on  standing  red  neeilles,  consisting  of  the  hydrochloride  of  am  ido- 
Imldoreaoroin,    C,H(OH),(NH,)<*J|]>  .HCl.      Ammonia  added 

to  the  solution  of  this  salt  separatee  the  free  base  in  slender  needles, 
having  a  green  metallic  lustre. 


i 


Hydr oqnlnone,  C<H,(OH),  (1  :  4),  is  formed  by  fnsing  para- 
phenol  with  i>ota.sh  to  180OC.  (35li0P.);  by  dry  distillation  of  oxy- 


PHKXOLS. 

■■Hrvlic  xu<l  of  quiitie  acid,  and  b/  hnaliag  One  aq*M«*  Mlatiaii  of  tli« 
UtU-r  with  li-ad  penjxide  : 

C,HuO,    +    O    =    C,H,0,    +     CO,    +     3Rfl: 

also  from  arliutiu  (mw  (iLfcosiDBS),  bjr  boUiug  wiUi  dilute  sulphorietcid, 
or  \>y  tlie  action  uf  utuuljiiD  : 

t:„H„o,   +    a,o  -=   c,H,o.  +   c,h,a- 

It  ii  mmit  paxily  jirt^pared  from  qainoae  b/  rtidnctiun  nith  sul|>hurou 
acid,  C,IIjO,  4*  I'l  ^  C'flifO,.  Giutvos  tulpbor  dioxide  is  pa&sol  iulu  in 
a4|Ui-oua  solution  of  quiuoue,  till  the  liquid,  which  at  lir:it  astunia  i 
liniwii  culiir  from  furinatiou  of  quiuhydronv,  becoium  colufirsu.  Tlw 
itolutiuu  in  theu  evapurated  down,  aod  the  hydroquiuone  urtractad  Igr 
ether. 

Hjdroqpinono  cr/stallizes  from  water  in  colorless  rhombic  prisms,  su-lt- 
Ing  at  ItiiiO  C.  (33l).20  F.),  Bulilimiog  when  carefully  heateil,  dccum|>i»iiut 
when  8Uil<li-nly  heatuil.  It  diasuh-ea  in  17  parts  of  water  at  li-'C.  (51*0 
F.),  easily  in  alcohol  and  ether.  It  unites  with  hyilrogen  sulplijile  iinl 
sulphur  ilioxide,  forming  crystalline  compounds  which  are  decuui)> <><<<]  >'/ 
water.  Its  aiiueous  solution  is  turned  n^l-brown  hy  ammonia,  anil  is  aiA 
precipital>»l  by  leiiil  acetate  except  in  pri,-seni-e  of  ammonia,  Oxiduing 
a^jvuta  convert  hydroqutuone  lirst  into  quinhydrone,  then  into  quiuuu«; 

Uydroquiaone.  Quluhyilroue.  (.lulooae. 

Snbstitutinn-i)roducta  of  hydroqninonc  are  obtained,  not  dirvolly  froB 
hydroquinoue,  but  from  the  uurrespondiug  derivatives  of  qumone  or  uf 
•rbutin. 

Chlorhi/ilriHimnontM  are  prodaoed  by  reduction  of  chloroqninom^  with 
sulphurous  Btiil.  C,H,CI,0,  melu  at  1580  (.'.  (Jl«.4'i  F.),  C.H,Cl,0,lt 
1;J40  V.  (273.20  F.),  f.IijCl^O,  above  200O  C.  (392^  F.). 

himlroh^rtximnone,  C,H,(NO,),(On)„  obtained  by  ImilinR  dlnitro-arbuti» 
with  dilute  sulphuric  aoid,  forms  goliUui-yellow  laiuins  ;  its  aqueous  eolo- 
tion  is  colored  dark  blue  by  aikali(». 

Dichkrhydroqumon^^isulphomc  acid,  C.C1,{^^^^^  ,  is  forme,!  by  heattoj 
tetra<>hlor<>qninonu  with  a  dilute  solution  of  arid  sodinm  snlpliitr  tdr»- 
chb.rhyar<H,uiHi.iie  being  produced  in  the  first  instance,  and  tw<i  of  to 
chlonne-atoms  then  replaced  by  the  grou|w  Si\n.  The  aquw.us  «.lal«« 
of  tins  acid  IS  colored  mdigo-bluo  by  ferric  chloride.  A  solution  of  it» 
potassium  salt,  wnlamiug  free  potash,  oxidiies  qniokly  on  expo.nre  tntlii" 
air,     and     is     converted     into    yellow    potassium     e  a  t  hiochroatt, 

QtUnoM,  C,U.<;J]>  ,  jg  produced  by  the  oxidlring  a<<tion  of  man^ 
neso  dioxide  and  sulphuric  acid,  or  of  dilute  chromic  acid,  on  nnm»«ai 
s^^  n^;  n[:^3?  ""!  ^'- .^-n '•''-"-^•''•"•-l'-"--.  Mni-lopbenol.  kmidoNmu^, 
JUiM      1  ^'   •^"P"^'''!'  •''  "•'*"  Ix'longing  to  the  para-seriea ;    aUo  1 

d  si  11,,,^  various  vegetable  extracts  with  MnO,  and  sulphuric  acid,     hi 

ese  ZlHit''";?"'-'.''-: ''"'"."-''  '•"»'"•«  1"'nic'.cid  (\  part)  with  man, 
waterj  ^     ^^^   ""*  sulphuric  acid  (1  part  diluted  with  i 
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Qoinone  eiTBtalliies  in  golden-yellow  prisms,  melts  at  lltP  C.  (240.go 
v.),  aii'l  su1>limo8,  even  at  onlinarr  tcin|H.'ralur«s,  in  shining  nwdlcs.  It 
Itai  a  puii^ijnt  tt-ar-citfitiiig  odor,  ilistils  easily  with  aqiu-uuii  vapor,  and 
-diasolvi^j  sparingly  in  oold  natvr,  ujtiiily  in  hot  watwr,  aUo  in  aloohol  and 
etliier.  liy  reduction  with  sulphurous  acid,  or  with  linc  and  hydruohlorio 
Add,  it  is  i»nverte<l,  tlnit  into  quinhylrone,  then  into  hyilru<iuiuon« 
J'bosphorua  poutoclUoride  oouverts  it  into  para-diuhlorubeuiene. 

Chlnroqulnonea  are  formed  by  the  action  of  chlorine  on  qninone,  and 
bjdislillinj:  quiniu  acid  with  MnO,  and  hydrochloric aiid.    C,Hjt.'lU,  foruiH 

y-li  ■"  " I'"-'.     t*,H,t'l,i )j,  produced  also  by  the  action  of  hyjKX'liloroiis 

'  I,  on  iH-nzene,  and  by  heating  Irivhlorophcnul  with  nitric 
.^e  yellow  prisms,  melting  at  120C  C.  (■i4^o  F.).     C',Uri,0„ 
tuol  also  l>y  the  action  of  chromyl  chloride,  CrOjCl,,  on  benxena,  orya- 
«  in  lor;;.-  laiuinw  melting  at  lt>60  C.  (330.»O  p.). 

Iiioiie  or  VliluiunH,  t',C'l(0,,  is  formed,  together  with  C,HCI,()„ 
/.eno-Jerivatives  (aniline,  phenol,  isatiii,  etc.),  by  tlie  action 
of  potxssiuiu  chlorate  and  hydroi-hloric  acid.  It  is  best 
idu.'illy  lidding  n  mixture  of  1  part  irystallizcl  phenol,  and 
1-  >mm  chlorate  to  hydrochloric  acid  diluteil  with  an  i-qual 
volume  of  water,  and  slowly  healing  the  liijuid.  Ked  crystals  then  sepa- 
rato,  which,  on  further  addition  of  potassium  chlorate,  are  converted  into 
yellow  mixture  of  tri-  and  tetra-chlor<K|uinone.  To  separate  these  com- 
fK>un<ls,  they  are  converted  by  suiphurous  acid  into  the  corresponding 
rhlor(>liydroi|uinones  (<',ll,(.'l,(.),  is  insoluble  in  water),  which  are  then  re- 
oonverte<l  inio  the  chlonKiuinones  by  oxi'latiun. 

I'hioranil  forms  golden-yellow  shining  laniinsB,  insoluble  in  water,  soluble 
in  hot  aliHihol  and  in  ether,  aul>liming  at  about  15tlO  C.  (30:2^  F.)  ;  oon- 
rertol  by  I'('lj  into  perclilorobenrene. 

Chloranil  dissolves  with  purple-red  color  in  dilute  potash-lye,  forming 
Ui«  potaasiuui  salt  of  chloranilic  acid,  C,CI,0,(OK), -4-  U,0,  which 
rryRtallites  in  <lark  red  neiflles,  sparingly  soluble  in  water.  Acids deeom- 
piisii  it,  ai-pnrnting  chloraii  il  ic  acid  ,  C,('l,0,(OII), -(-  H5O,  in  re<ldish 
►hii'i  Chloranil  is  converte<l   by  niiiieoiis  ammonia  into  chlor- 

anil IjOjCNH.),,  and  chloranilamic  acid,  C,Cl,(NII,)0,(t>lI). 

It  ,'•!',  "ju  ,  ito net ^  analfigous  to  the  irhloioquinon<'»f.  are  obtained  by 
kiuiilar  r«>action8.  Bntmonil,  C^nTfO,,  it  most  rt'.idily  pre|iar«l  l>y  heating 
lihenol  (1  part)  with  bromine  (H*  parts),  iodine  (S  p.irts).  and  water,  to 
iOfjO.     Oolden-yellow  laminn  sparingly  soluble  in  carlwu  sulphide-  ■ 

Qtlinbydrono,  r„H,oO,  =  C,H,0,C,n.O,=  ^*"'^°"^~?  .  h.   formed 

(.•,|Hj(Url)— ^1 

IiT  11  iimne  in  aqneons  Holntinn  with   a  qnantlty  of  Bnlphnrona 

Kri  I  III  for  cimipli'te  redilclinii  ;  also  by  incomplete  oxidation  of 

nnd  bv  mixing  the  aqueous  nolntions  of  qninone  and    hy- 

1.'.     It  cryRt.illizca  in  flat  prisms,  having  «  splendid  golden-prem 

I  liisire  like  that  of  (he  wing-cases  nf  the  rose-lieette.  and  sublimes 

■  in  green  lamin*.      It  is  fusible,  lin.«  but  little  o>1or,  dissolve*!  freely  in  hot 

P  T-nfer  with  a  bmwn  color,  in  ab^hol  and  ether  with  prei-n  color.     It  Is  re- 

'•'■■  JKiiling  with  water,  into  qninone  which  distils  over,  and  hydro- 

aiid  is  ofmverted,  by  oxidation   into  qninone,  by  reduction  Into 

i.y.iri"iiniione. 

I     Phenoqninone,  r,n.<^    ^^    p"..*  ,  is  prodnced  br  carofiil  ( 

lf#  fibenid  with  ehromic  acid,  nnd  ftogetlier  with  qninhydmne  and  hydro- 
Httimne)  br  inixine  thn  aqueous  solutions  of  qninone  and  phenol.  It 
■btlM  iwl,  '*«■/  rnlfttUe  uueillea,  melting  nt  71°  C.  0'><^-^  V.'),mAvO(\« 
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paiMOLs. 


U  to  MtefMl  biM  b7  pMMk, 


in  w»Ut,  moro  tuusily  in  alcohol  uird  etker. 
gT«cn  by  li»rj't«  or  Huimouia. 

Diatomic  Phenola.  C^H/>,  =  C;Hi((:Rj(<>K)f'— ^rHa  wMl 

ri<n'l  ^11  all  Ui.'  I-  '    •        '    -naaralartann,  HaeetUa  timttmriu,  Far» 

Inn..  .)  wliich  :.  r  ih«  pt«p«r»tioin of  archil  »ai  Uuu>; 

fttt'l  -  ^    li'.-ral  prwlu-  '  ■  omrHB^itt^in  ni   rvr(.«trt    *i-til.  .--^trtrt^ 

Imiu  tbiso  liohvns  (unell 

nf  heat  or  or  AlkxliMS.     i'^  ..vi 

Mater,  splita  U|>  into  carlmu  •Liuxnio  >utvl  i>r<.iu  : 


CUA 


CO,    +    C,HjO,  . 


Rrernlv  acid  is  reoolred  bjr  the  same  treatment  into  preniiok  aa4 1 
linic  addi: 

S,"u,0,    4    U,0    =    C,H„0     +     r.lLO  . 

Everale.  Ewrblnle.         OMelllak. 

Krjrthric  acid  (i<r.rthrin)  ia  naolTed,  in  like  nuuin«7,  into  aradliafel 
and  picroerjrthriu : 


C,H„0.,    +     U,0 
Eiytbrio. 


Or>rUlnle 


PietoerylhriB. 


tlic  onollinic  nviil  b4iing  riirtlu<r   ri^olred,  a»  ahori-.  into  Cli,  aad  ladlil 
and  till"  pycrwrvtliriu  into  (JO,,  orythrlt«  (p.  tiltt),  aud  orcin  : 

C„ll,.(),     +     H,0    =     CO,     +     C,H^).    +     CAP,, 

To  propurp.  orriii    in   (jiiantity,  one  of  IJi"-    ''  '  '  mii-o 

lioilod  with  milk  <>f  lim>-,  \hv  li<|Uiir  liltvnK)  nii  --.ni 

tl»o   liiiir   pi'i'Clpitatrd   li_v  i'nrl""i.     ■■   -i      >>■■■  i  ■ 

drrni'Ks  oil  Dili  Wiit<!r-li.illi  ;   ll< 
tilt!  orcin   exlr»i!tt'il    from   llir   ' 
and  IliK  nijUiMUN  solatiua  I'vapuratmi. 

Orriii  may  also  \m  pr^paii'ii  liy  the  action  of  ni^lHnjr  jfotiBkh  nti  < 
of  bIo<is,  aud  on  thp  poUM<iiim-»»U  of  rhlnroi'i 

Orcin  crystnllixcs  in  coInrU-ss   six-*idt'<l    pn 
It  hiV5  n  sw<'('t  tmi>-,  dissiolviM   ri<adily  in 
at  SHO  r.  (i:iH.43K.).  >!iTi<s  off  it*  waliT  . 

K.),  nnd  Uiils  at  2!Mio  c.  (.'.f.40  V.).     Us ,..:   ., 

l«y  luiwl  a<n?lat<%  i-olonii  bliL'-vioji.t    liy  firrrlc  chloridd,  and  vxhililti  < 
hypochlorite*  a  traoRli-nl  ilark-violct  ooloraliou. 

Thi-  hydroxyl-frmups  in  orciu  raav  hv  rfplm-ful  hy  acid  and  liy  ale 
railirl..* :    tlis   diethyllo   etli«r.    C,II,(nf,U.),0„    U.il»   at   24tC.<tt0> 

Trlhiymmrtn.  r,nT,(rn,)(On),,  »•    ..--lr.ii.-.l.d    l.v   Ijn.uiiii.    walT  fl%» 
th«  luiuvnim  (lolution  of  orpin. 

Trtmlrn-nrrin.    rfXn,>  '""  " 

wpll-<y>ol<v1  niixtnri'  of  «i: 
nwdlf«i,  whii'h  imOf  ni  li>-     >  .  .■.■■-   i 
Milri)r>"<nr<'ln.     Hv  tl)«  notion  of  tin  and   I 
lriumuin,nrin,    r,(:Nn.).(f'Jl,)("M)„  whi.  I 
U  oonriTlwl   hy  i-xpniarv  to  tho  air  into  «jry»tai»  "f  <i<m</"- 

r.(cii.)Ntr,<-J{}> . 

Ornin  tinilwi  with  drr  mimnnm.  fnnninB  »  Pi7)il«nin#  «ompnn*d,  ''  ' ' 
'  Vn,  :  and  wli<<n  a  wiliillKn  of  orrln  •'nntatniiig  MMtnotila  U  rxiaiud  ^  ■''- 
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»ir,  it  *fa«ortM  oxxgeii,  aoqaires  a  dark -red  or  parplB  color,  and  gives  with 
»«Klia  Aoid  n  ilwp-rod  pulveriilcat  precipitate  of  oroviii,  C,U,NO,, 
formod  ao<.H>rdiijg  to  tlie  utjuatluu  : 


C,H,0,    +     Nil,    +     0, 


c,n,so,  +  2u,o, 


».»m'iD  uniti?»w5th  metnllic  oxides,  forming  rod  Inkps.  It  Is  the  chipf  con- 
Stituviil  of  lUt)  liyi'-sliiira  kuuwii  as  archil,  cuJlM,-ar,  Frfiiili  iinr])li;,  nud 
liunus.  The  lasl-iiiciitiont'd  Bubslauce,  whicli  is  I'Xlensivclv  usod  for  tlio 
pr«p«ralioii  of  t«st-p»p<Ts,  ia  prcpun-d  from  Hwrrtlii  tiurlnrin  or  /.miniim 
tnrtarm,  hy  iiiari<rntiiig  the  lichen  in  solution  of  animoniiiiu  i'arlHinat)<, 
exposing  (he  li<{niil  t"  the  air  for  2U  to  4(i  days,  ood  tUiuktoiiug  the  oolor- 
Ing  matter  thus  obtaiutxl  with  chalk  or  g.v-psum. 

Itorcin,  r,ll,(Cll,)(0H)5,  obtained  from  tolnidine-disnlphonic  acid, 
fnnwi  oi>lorli5sa  nmidles,  mulls  at  87°  C.  (IHb.tjO  F.),  and  boils  at  iJWJO 
C.  (StX*'"  F.). 

Jtamopyroealfchin  ,  r,ll,0,  ^  C,n,(CII,)(OIl)j,  which  has  not  Iwen 
obtained  in  the  crystalline  state,  is  produced    by  tlie  action  of  hydriodio 

acid  on  urease  I,  0,11,(0,  =x  Ci'lo<Cf»rH  '  '''''^'*'  '*  "*  methylic  ether. 
Croaaol  is  (me  of  tlio  constittienis  of  l»"ech-tar  (p.  87"),  and  is  foruie<i  to- 
gnth^r  with  giiaincnl,  by  the  dry  dislillntion  of  (ttiniac  resin.  It  is  a 
milorless  liquid,  very  much  like  gnaiacol,  lioils  at  21!iCi  f.  {42ti.^  F.), 
and  pxlures  oilver  nitrate  when  heated  with  it.  Its  alcoholic  solution  is 
colored  dark-green  by  ferric  chloride. 

IIyhni.,luqulnonr.,  C,nj(rnj)(OH),.  and  Tnlm/uinnnr,  r,H,(fH,)0„  are 
not  known  ;  but  di-  and  tr  i-ch  lo  r  u  to  I  uq  u  I  non  e  ,  <',ll('l,(i'H,)0, 
and  fV-'»(^""i^'^^")i'  "'''  '"'"'"'"l  I'y  ""'  action  of  hydrochlnric  acid  and 
))ota».^iuiu  nliiurate  on  cresol,  just  as  the  six-carlxai  chh>ro<)uinnnes  are 
obtained  fruui  phennl.  Tlio  Irichhiro-compound  forms  yellow  l.nminar 
crystals,  an<l  is  conrert<vl  by  heating  with  aqueous  xulphuniiis  acid  into 
trichlnro-hydrotoluquinone,  C'|Clj(Cll,)(OU)j,  which  crystallines  in  color- 
less nvetlles. 

Slatonii«  Phonola,  r,n,„0,  =  C,II,(nH),.— Hydrophlorone 
is  obtaineil  liy  (lie  action  of  sulphurous  acid  on  plilorone,  or  xyliKjuinone, 
(",ll,<.i,,  a  cuimpound  obt.ninid  by  distilling  coal-tar  oil  or  beech-tar  creos<ite, 
boiling  abiiv,!  21110  C.  (41I10  K.)  with  MnO,  and  sulphuric  acid.  It  forms 
pnliirless  laniinir,  having  a  niotherof-pearl  lustre,  fusible,  snbliniable, 
pjifrily  «i>lu)ilu  in  water,  sloohol,  and  ether.  Oxidizing  agents  convert  it 
Into  phloroue,  C,H,0,,  which  forms  yellow  volatile  needles. 

lieta-orcia  is  obtnimil  by  dry  distillation  of  usnic  acid  and  other 
ax.')d8  iKvcorring  in  lichens,  r.  jj.,  O-II^O,  (everninic  acid)  =i  C',H„0,  -J-  CO,. 
Odorl<(s9  crystals,  ejisily  soluble  in  hot  water,  melting  at  l(i!»0  C.  (228.20 
F.).  The  aqueniis  solution  turns  red  when  mixed  with  anunonia  and  ex- 
pu««d  to  the  air,  and  is  color<.'<l  dark  red  by  blu.iching  powder. 

Vrratrnl ,  obtained  by  di.stillatinn  of  veratrio  acid,  f,H,jO,,  with 
iHirjta.  is  an  oil  solidifying  at  15°  C.  (5'JO  F.)i  and  boiling  at  202O-2U6O 
C.  (»95.tfi»-lHlo  v.). 

ThymohjdroqQlnoDe,  r,„H„(OH),  =  r,n,(rn,)(r,H,)(OH)„ 

111 '■  1-  M..«u  iliaiiiiiiic  phenol  eont.itniug  10  atoms  of  cartmn,  \i  produced 

1  11   of  i<ulpliurnus   aeiil  on    thymoqninone,  and  crystallizes  in 

li  I  .     I  Ming,  fonr-sidivl  prisms,  uudtitig  at  l3fl..'iO  ('.  (ohm'.IO  p.).  and 

vublitaiug  without  dooomposition  ;  convorte<l  by  oxidation  into  tU<fu\(y\a.V 
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fit  PBKTtOLS. 

■ow.    lis  nethTlie  etliaf  i*  •  aMiaUt«ent  of  tlie  roUtile  ail  of  Anim 

th/ivd  utd  cH-rMnl  witli  UeO,  a»d  t«)|ihari«  mad.    It  cm^AlliaM  ia 
jidlov  Ut4a.ac)u  M4J.30  C.  (113.90  K),  awl  boiU  lU  auCOC.  (SSaPF.). 


Triatomie  Phenols.  C«II,(On),. 

Fyrogallol  or  FjroBallic  Acid,  i«  t'l'odaool  br  tii*  i 
«r  twMt  •«  fslliu  (<iioxjulic.Tliv>  acid  :  0^11^*1  "^  ^^3  +  ^V<*'i  • 
(•Umt  with  gallic  Mad,  br  tlw  aotkai  of  Itot  caustic  potutli  on  iti'iadaull- 
e^liv  aieU,  CjU^I/li.  II  b  cDDT«iii«iitlj  pmimnHl  In-  h««ting  »  driej 
aqoeiMuatnctiif  f»ll-nalj  to  l^iiO-l':>SC>C.  (35«^34S^P,>  ta  an  imti  pal 
wwatwtwith  a  paper  c»p;  it  tbeu  eabliiDiA  and  amdcnaca  oil  the  op  n 
kag  flatlMied  prisma. 

^ragaUot  i*  «ntabl<t  in  Tat<T,  alrob«l,  and  ftls*^;  it  mrlt*  nt  DSOC. 
C23SBF.),tiolb  at  2100  c.  (41<CF.},«ii(ldtwnipai«  «t  25i«Oc'.  (4ti30f.), 
giring  off  water,  and  leariui;  a  rcaidne  o(  tni-tagalt  t  r  siriii,  CJiA. 
Pyro^allol  diudlrc*  In  situtic  polaab  or  sixla,  fc>rTaing  a  aoIatiQCi  vikica 
qoicklf  alworlw  oxj-gcofrom  tlui  air,  and  lartia  black  :  this  toiatinAtaimi 
a  very  etmrpniftit  reagi-nl  for  the  endiometric  saaiyaij  of  air  (j>.  ISO). 
With  aulationa  of  fi<rr>'ii)j  sxtti,  it  pnxlucA^  a  btafJc.|>lu<!  ualor  :  wUh  hnit 
■Alt9  a  red  iwlnr.  Pvrn^^allol  qtiii-klr  mlut't^  ^ol'l,  ^ilvvr,  and  B(n«i7 
bnm  their  salU,  and  forma,  vith  lead  ocrlate,  a  white  pt«d{iiUt^ 
C^ll,t>jPbO. 

lil  itb  trow/jw  pjTogallol  ftinns  a  tribromo.dpriTatir«,  f«Br,(OH  J ;  «itt 
aeffyi  rMorui€  it  Titdda  a  triac(?tjl-d*5riTalive,  C|Ilj(OCjlljOJj,  Cpmiiti^  fliyi- 
lals  sligblljr  solublu  tn  watvr. 

Fill oro gin elo,   r,EI,Q,.      PblorUin,  or  Fhtoridiin,   C^^O^  t, 

CTy*Xi\y%uv:  siiLmUiiiri-  fouiiil  ID  tbe  ria.>t-liark  of  the  appK-,  puar,  ptan,  tai 
cltfrry  \Tnf,  is  rvsolred  by  boiling  witU  dilute  acida  into  glutxa«  ami 
phtorvtin,  C',jII„(\: 

C«iL,.%    +    H,o    =    c,ii„o,    +    c„H,A: 

and  plilorptin  heated  with  aajaeona  potajih  in  ri^olred  Into  pblort^  tcil 
and  piil-jrogluviu : 

CiiH^o.   +   11,0   =   c,n„o,   +   r,n,o,. 

ShtorOBlui^in  ^rjrstallizM  in  largn  cntarleaa  prtatna  rtntiiinin^  Zn,(>'. 
«Mor«MMl  on  tfxposiiri^  to  the  air ;  giT^N  tsB  all  its  m-atal!Lzi\liun-irBt«>r  it 
1000  C. ;  mclu  at  2:«0  C.  (-H'.-O  K.),  and  sobliioRa  w'ilbout  d<<comp«itl«l>. 
It  baa  a  stri-i't  taatc,  and  libtsiilrt-it  family  lu  wat^r,  nleolicil,  and  I'lln'r.  lU 
a<|ULV(>tis  Bill  lit  ion  ii  prwi  pita  ted  by  li'ait  au<!tati4,  and  colurwd  dark  rlnlH 
by  ferric  eUlnridr;. 

Phlnrogltioin  I9  oonTprtiid  by  ulilorinc  into  dtqhlorai>etl»  aeld; 
wilb  AmMiW  and  Willi  iiitrio  acid  it  forms  Iri-BUtiHtitutioiidi'riTatin!*;  villi 

ocp/y  Moiidt  and  Untni/l  ehloride  it  yield*  the  utbeia  C,ll,  i  5,^.  ,|  ,. ,  ami 

^•"•inril'o'   '"'^  "'   wbieU    are    cryntalllne.      It*    dlbutyril  rUiir, 

(OH 
(OC  11  O)  •  ■*""<-'*  ,/>'/««  "''•'i  aoct'n  in  tlio  root  of  Uia  mal*  f«f« 
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(A»/nili»m  Filit  man)  na  n  crvBtallinc  snbstanoe,  wliioh  is  rmolvi^  \ij  fusion 
with  |iutMM)i  into  phlorogliicin  and  tiutyrio  itoid. 

Willi  aiHmonia  pliloroglncin  f<>rm»  tliu  bitsiu  iMmponnil,  phlorsmioe, 

CgU,  I  vM    '  ,  <r)iioh  forma  cryatallinu  salts  with  acids. 


Apimtilir  to  Ihr  Pliennit — PlIKXOL-DTBS. 

Aarlnnr  Roaollc  Aold,  r„H„Oj  (or  C„H„Oj?).— Tliismra- 
poiiiiii,  niso  culh'il  I'c'tiillin.  is  a  nyl  c"lnrinj:  iiiattHr,  olitniiied  hy  lionting 
utti-iiol  Willi  oxalio  and  sulphuric  acid,  tliv  oxitlio  at-id  Ix-ing  thon  resolved 
into  0>,  CO,,  aiid  H,0,  «Dii  th«  CO  raacting  with  the  phenol,  aa  shown  by 
th»  equation  : 


3C,H,0    +    2C0    =    c. 


4-     2H,0. 


To  oMaln  a  pare  product,  the  mixture  of  gnljihurii'  acid  and  phenol  mnst 
Imi  Uent^l  on  n  wuter-batli,  luid   tlio  oxnlio  aeid  iwldtnl  griidiinlly,  wailiiit; 

pi''  '■ 'ill   the  evolution  of  g:is  ceuses,  and  nut  usiiij{  sulfieicnt  oxaliu 

k  all  the  phenol.     Tho  aurin  thus  obtainetl  has  exactly  tho 

<:■       .  ''»II»fV* 

A  cJiomereial  dye-stuff,  known  aa  aurin,  corallin,  or  pR>onin,  which 
g\v»«  »  line  yellow-ritl  color  to  wool  and  silk,  is  prepannl  in  a  similar 
manner.  It  is  a  mixture  of  several  substances,  hut  may  be  ]iurll1eil  by 
tn-atment  with  nqneous  ammonia,  which  disaolvea  the  extraneous  matters, 
!•  -"idne  of  nearly  pure  aurin. 

.•om|)ound  is  obtaimvl  by  llie  action  of  nitrous  acid  on  rosani- 
lii..  :,,.,)■.  anil  it  is  reconverted  into  that  base  by  heating  with  ammonia 
in  a^jaeoua  or  alcoholic  solution. 


Cx,H,A    4-    3Nn, 


C„"„N,     +     311,0. 


From  this  It  would  apyrear  that  the  formula  of  rosanillne  should  be 
C^ilijN,,  whereas,  according  to  llofmnnn's  analysis,  its  conijKJsition  is 
C^IIgfN}.  Further  Investigation  is  therefore  required  to  clear  up  this 
•liscrepaiicy.f 

Auriu  crystallizes  from  aloohol  iu  red  prisms,  having  a  gro«n  metallio 
lustre.  It  is  insoluble  in  water,  but  soluble  in  alcohol,  strong  hydro- 
ohlorio  a<-'i<l,  and  gl.icini  acetic  a(;id.  It  unitea  with  sulphurous  anhydride, 
fr.rr.iii...  •-.rnct-rcd  crystals,  (t'MllnOj).,S().,  4"  •'•i"t**i  and  forms  crystal- 
1  .mis  with    bisulphites  of  nlknli-melal,  r.  j.,  C„lI,,<)j.NollSO,. 

ii:  ided    to   its  aui!tic  acid  solution  throws  down  the  compound 

C„ll,oLii,Oj  in  shining  gn-en  laraiuie. 

Hy  rcluction  with  ziiic-<lust  in  alcoholio  solution,  aurin  is  converted 
into  leucanrin,  C„ll,jOj,  which  cryatollizea  fnmi  alcohol  In  colorli-ss 
prisms,  and  is  reconverted  into  aurin  by  oxidation.  Triitcriyl-lntcaurin, 
C„lI,,(C,llit>)jO„  pro<luco<l  by  heating  lencaurin  with  acetyl  chloride, 
fumu  short  silky  needles,  easily  soluble  in  alcjihol  and  in  aoutio  aold. 

Phthalelns. — These  are  com|K)unds  fornuxl.  with  elimination  of 
w»tvr,  by  llic  combination  of  ph.iiols  with  phthalic  anhydride,  (^,11,(1,,  or 

C^H,<^.^r>'0.     They  contain  the  ketonio  group  CO,  together  with  the 

*  Dole  aa4  Seborlemmer,  Ohem.  Soo.  Joura.,  ISTa,  434;  anil  IBTT.  vol.  II. 
p.m. 

t  li*l«  and  Hehorlammer  oli>erve  thst,  la  the  «ni\ly>la  of  organic  eolorlug> 
asttrr*.  the  jwrceuLtgu  u(  hydrogen  is  often  found  too  uigtu 
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hyilroxyl-groupB  "f  *l>e  phemoU,  and   «re   consoqnenlly  inlermediat* 
ciiarwler   between  the  phenols   anrl  kett>ues.     'J"Uc^-  are  all  mure  or  In 
colored,  and  act  aa  dye-ntutTii.     By  hydrogeuutiuu  (action  u(  zluc-<l(ut  i^ 
alkaline  solution)  they  are    eonvertisl    into    ph  tli  nliu  9,  folorli-s*  ""■ 
p<iuiid!i  in  which  the  kuluuic  groups  are  uuuvurtwl  into  alcuhoUc  (;niu|j 
C(OU);  e.g., 

^Ca-C,H.— OH  C(OU)— ^'.U,— t)H 

^n:;o— c,H«— OH  ^n:(oH)— CjHj— OH 

Pheaol-pUHialelo*  Ftaeuol-pUihaliu. 

By  oxidation,  the  plitlialins  are  re<x>nTertud  into  plillialeius. 

Pheuol-pbthalein,  C„H|,0,,  is  prepare<l  by  lieatiug  10  parts  1 
pliouol  with  Ti  parto  uf  ]ih(liali<!  niiliydride  and  4  parts  of  strung  8ulpliuril| 
acid  to  12l)0  C.  ('i480  H.)  for  about  ten  hours,  exhausting  the  pniducloitl 
boiling  water,  dissolving  the  residue  in  dilute  causlio  soda,  and  prrrijii 
tating  witli  aoelic  acid  and  n  little  hydrochloric  a«;id.  It  may  be  jiurita 
by  l>oiling  its  alcohnliu  solution  with  animal  charcoal,  and  precipitant 
the  nitrate  with  water.  It  then  suparat^a  as  a  white  or  yellowish-«hiU 
crystalline  powder,  or  in  triclinia  crystals,  according  ns  the  pn-cipitaliu 
is  elTeutud  quickly  or  slowly.  It  dissolves  in  alkalies  with  fuilisine-n 
color,  and  on  heating  the  alkaline  solution  with  zinc^dusl,  it  lieccioid 
ooIorle?i!>,  from  conversion  of  the  phthalein  into  phenol-pli t halin, 
CjaU,,0,,  wliich  separates  on  oildition  of  hydrochloric  aciil,  in  whils 
prisms.  This  compound  <lissolves  in  strong  sulphuric  acid,  and  the  dilu- 
tion, mixed  with  water,  deposits  an  amorphous  yellowish  sulatance, 
C^II|,<>„  called  |ih  onol- ph  t  h  al  idin,  whicli  may  1h>  n-oonverted  intu 
the  phtlialin  by  heating  with  water  lo  I'W^  C.  (347°  K.)-  By  rxjiiaurt 
to  the  air,  or  more  quickly,  by  treatment  with  manganese  dioxide,  jiot»s- 
sium  mauganato  or  potassium  ferricyanide,  it  is  converted  into  a  com- 
pound, C,^!!,,!),,  isomeric  with  pbenol-phthaluin,  which  separatea  Id 
roonuclinic  crystals. 

R«soroin-ph  th  nl  oin  ,   or   Fluorescein,   C|,U,,Oj  s3  J 

CO— C,  H,_t)ll  f 

QH,^^  \q  ,  prepared   by   heating   resorcin   with  phthalis 

anhyiiride  to  'MVO  ('.  (;1920  F.),  forms  dark -brown  crystals,  which  disaolw 
in  ammouin,  forming  .1  red  solution  with  splendid  green  lluoresc<'Dce. 
adding;  bromine  to  its  solution  in  glacial  acetic  acid,  totrabrum4 
rosorcin -phthalein,  or  Kosin,  gradually  lu'parates  in  crystal 
which  may  be  purilleil  by  conversion  into  a  pot.issium-salt  and  precipifi 
tion  with  an  acid.  From  dilute  alcohol  it  separates  in  dull,  lli^sh-' 
crystals;  from  absolute  alcohol  in  red  crystals  containing  1  utoleool*  1 
sloohol.  Its  potassium-salt,C„l{,Br/\K„  known  in  commerce  as  "solnbl* 
eos  in  ,"  dyes  silk  of  a  fine  rose-color. 

Pyrooatechin-phthalein,    C„H„Oj,    formi-d    by   gently   heatil 
pyrocatochin  with   phthalio  anhydride  and  sulphuric   acid,   dissolves 
potash-lye  with    a   fine    blue   color.       lly  d  roq  ui  nono-pli  t  h  al  ei  I 
formed  in  like  manner,  dissolves  in  strong  sulphuric  acid  with  brick-i 
color,  in  alkalies  with  violet  color. 

0  r  c  i  n  -  p  h  I  h  a  1  e  i  n ,  C„n|,Oj,  forms  colnrleis  needles,  dissolring  I 
alkalies  with  durk-rod  color,  without  fluorescence. 

Gallein    or    Py  rogallol -p  h  t  h  aloin,    0,^11  „0,  » 
*'»^«<Cco— c'll  (iJU)''  Pfo^u"^   by  heating  pyrogaUol  with  phtlulifl 
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jhydridB  to  ll»li^»-2(XiO  C.  (3740-3820  F.)i  furins  a  brown-rod  powdur  or 
nail  rryalaU,  with  greun  surfaoe-color.     it  UisKolves  in  ak-oluil  with  dark- 
in  jxitash-lye  with  fine  Uui'  color.     By  «inc-diiBt,  or  by  «inu  and  sal 


phuric   acid,  it  in  converted  into  g  » 1 1 1  n  , 


■n' 


,0,,  which    forms   nearly 

oolurlfSd  crystals,  and  is  converted  by  heating  to  20HO  c.  (3920  F.j,  with 

Miig  atilphurio  acid,  into  cwruluin,  t"a)H,o(1„  a  blue  ciye.«tuff  which 

liKSolvfg    in  alkalii!!<  with   green,   in  aniline    with   splendid    blue   color, 

ad    i^s    reduced  by  ziuo-ilu^t  to  ecuruliu. 


Normal  Aromatic  Alcohols. 


H 


1^««e  componnds,  formed  by  Bulwtitntion  of  ^)H  for  H  in  the  lateral 
ebains  of  the  hydrncarboiui  homologouB  with  benzene,  contain  llie  grouj) 
CII^>n,  and  are  tlierefore  prininry  alcohols,  cf)nvertiWe  by  oxidation  into 
aldehydes  and  aciila  containing  the  eaine  number  of  cirlmn-atonid  as  I  bo 
alcohols  Iheniselves,  and  protiueible  by  methoiis  similar  to  tlioae  which 
yi«-ld  tUe  primary  alcoliols  of  tite  fatty  series,  vii. ;  (1)  From  tlie  liydro- 
^^  wrbona  by  omversion,  first  inlo  haluid  derivatives,  nurli  an  C,Hi.t.'H,('l, 
^B^vn  into  aoelic  ethers,  and  sapunifluation  of  tliu  latter  with  oaaatio  alka- 

H(2> 
^will 


CJ[ij.CH,.orjH,o 

Benzyl  acetate. 


+     KOH    =     C.HjO.OK     + 


r,n,.rH,.nii. 

Benzyl  alcohol. 


I 


f  (2)  Frnm  the  aldehydes,  by  the  action  of  nascent  hydrogen,  or  by  heating 
with  alcoholic  potaith  : 

2(C,n5.CHO)     +     KOII     =     C,H,.CH,.OH     +     C„nj.CO,K. 
Beoinldchydc.  benzyl  PotnHHlucn 

Klouhul.  twnzuale. 

3fonalomic    Al'uliuls, 

Bensyl  Alcohol,  r,H,0  =  C',IIj.CH,nH,  may  be  prepared  by  (he 
m.-tbudii  just  mentioned,  or  by  the  action  of  nascent  hy<lrogen  on  benzoic 
or  hippurio  acid,  its  bt-nloic  ether,  CjHjOj.C',!!,,  is  one  of  the  coustituenta 
of  Pertt  and  Tolu  liulsains. 

B«niyl  almbol  is  a  colorless,  strongly  rofraoting,  oily  liquid,  having  a 
specific  gravity  of  1.051  at  l-P  C.  (.';7.20  K.),  and  ■boiling  at  207O  C. 
(4l>4.t5C  K.).  It  is  insoluiile  in  water,  hut  soltiblo  in  nil  proportions  ia 
aommon  alcohol,  ether,  jicelle  acid,  and  cjirbon  liisiilpliicie.  By  oxygen  in 
pnaaiicc  of  platinum  bLmk,  or  by  nitric  nciil.  it  is  converted  into  ben- 
toic   aldohydc;  by  aqueous  cliromtc  acid,  into   benzoic   acid: 

c,iij.cii,oH   +    o   =    11,0   4-    cjii.nio, 

and  CjUj.CH^nii    +     O,  =    H/)    +     C,Hj.CO(OH). 

Strong  hydrochloric  acid  converts  it  into  benzyl  chloride,  C.n,n. 
Distilled  with  acetic  acid  and  strong  sulphuric  acid,  it  is  converted  into 
ben  ly  I  acetate,  C',ilj(<K'jlI,(.)),  a  liquid  having  an  odor  of  pears,  and 
b.iling  at  21(K.  C.  (-lUiO  K.).  Benzyl  oxalate,  C,0,(C,H,)„  forms 
^llinlng  lamime  melting  at  BOO  C.  (1711^  P.). 

Alcoholic  Iwnzyl  ethers  «r«  formed  by  heating  benzyl  chloride  with  go-  ' 
Ititioni*  of  potash  in  the  corresponding  alcohols.     Methyl    ben ty  1  a te „ j 
>  C,H,.O.CH„  boils  at  1C60C.  (334.43  F.);  ethyl  benxyla  te,  C.H.'O.C.IL, 
1850  C.  (365°  F.).     Bcniyl-phenvlate,  C,H,.O.C,Hj,  formed  by 

74*  ' 
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hvatinf;  lx>ii«vl  cliloridi?  with  poUssinm  phfnale,  t",Il,.OK,  nwlu  al 
(U>2.-.'OF.).  i^oils-it  ■'JHTC't'.  (M8.tiOF.)-     Ui  l.Kti  »>-|    1. 1  h  .»  r  .  (I 
■iliUiiiud  by  bi-BtiDg  Iwniyl  aloohul  willi  Ivric  oxide  {'H'-i 
(C,H,),0],  ur  bv  heating  benzvl  chlorult:  with  *fat<T  to  1  ; 

ia  ttn  oil  iM.iliug  «buv«  30l»o  c."  (571'^^  F.). 

Cklurcibtiizi/l  alcohol  (para).  (.\lI,Cl,CH,OfI,  pnxlac«d  >>t  liratfit^  p*ni^ 
chh>r<>li(!iizyl  clilondn,  (.',l!,Cl.Cli,C'l,  with  iiqumus  &mi 
iu-i<ille8,iui'ltiial  (iGOO.  (150.8"  F.),  and  lioils  wltliuiitilc><> 
hnloi'il  Im-iiz.v1  nloilioU  are  fitriiiixl  in  a  niiuilnr  iiiaiinor. 

l\irniiiln>ltiiizi)l  iiliolml,  C,Hj(NU,).ClI,(.iII,  jiroluo-d  \>j  Uk|i<inllln&ti<)a 
paraiiitroU-tuyl  acutati'Cuhtaiued  bv  nitratiunot  b«ni;rl  a»wtat«),  >•  aulol 
in  hut  walur,  aud  tuults  at  VJP  C.  (iyi).40  F.)> 

Beniyl     liydroBUlphld«     or     Benzyl     in  or.         ' 
rH,.'JlI,  obtained   liy  the  action   of  alcoholic;  |Mita<t^liini   : 

biMUyl  diloride,  i»  a  lii^uid  having  an  alii-  -    ■■'•'•    -' 

1.058  at  2l»  C.  ((580  F.),  and  boilinj;  at 

lie  sotutiun  git°i)a,  with  metallic  aaits,  i        . 

nieroaptides,  c.  g.  (C,lij.CU,S),Ug. 

Benxyl   sulphide,  (C.Ilj.rn,)^,  fonnwl  by  •' ■<■•■■'•  ■■>  ■-•i 

monosulphido  on    Ixintyl   chloride,    in   alcoholic  V'  ■! 

colorleas  nce<lle«  mcUiiig  at  490  C.  (120.20  F.).     li,  ., 

acid,  it  i8  convortod  into  ben  xy  I  oxy  »  u  I  ph  Id  r,  (l'jilj.tJUj^,£iU, 
\a  soluble  in  hot  water,  and  raelte  at  13tO  ('.  (26»?J  V.). 

Beuxyl   dianlphide,  (<_',llj.Cllj)..S,.  fomieil  ' 
mercaptan  ex|>ntiu<l  to  tht>  air,  cryt>lallizeii  from  ul 
meltinR  at  GlJO  C.  (160.80  F.).     Nascent  hydrogen 
mercnptan. 

All  thcKu  &nlphtu°  compoanda  of  benzyl  are  decomposvd  by 


111II V  rrlM    11    till*; 


Xylyl   Alcohol,*  <'.H,oO  =r,ll,<^|}' 


,on 


.—Of    the   lhn« 


meric  mtKlificaliuns  of  this  alcohol  only  the  para-c«iii|Miund  U  known. 

lit  obtninml  fnHn  the  iv>rreiip<inding  aldeb^  '•■    "<■■>  ''■ ■'  ■»  >  u  1  .  i.i..r 

CjH,(Cli,).<'H,CI,   by  the    nictlic-ls  ab..^ 
nciiUles,  ili».<iolv««  (ipnrinf:lv  in  water,   1 
boils  at  2170  C.  (422.(jO  F.)".     Nitric  aci.l 
C,ll,(fH,).(IIO.     by  heating  with  hyd. 
xylyl  chloride.     Its  acetic  etlier  boihi  at  2-iJi-  ' 
treated  with  KII.S  and  IC,B  yields  titu  coiiipoiin 

Metanieric  with  Ihexvlvl  (iIc^OkiIh  are — (I)   I 
alcohol,  (•,Hj.CII,.CIlj.()ll,  f..ni>i.-l  by  the 
a  solution  of  alj)ha-toluio  (plicnyl-acctic)  ol 
solved  in  ai{Ue<iuH  alcohol.    t'olnrlKsii  lii|aid,  I" 
Siwcillc  gravity,  1.03.37  at  21"  C.  (Ull.ti^  F.) 
dation  Into  alpha-tolnlc  acid.    It«  a<>etiu  etloT  Unl- 

(2)  Secondary  pheuyl-cthyl  alcohol, 
pan-d  from  bromelhyl-lNMixene,  (*,ll,.('HKr.<"ll,  1 
manner   as   ben<yl   alcohol   from   Ihmi/.vI    chlDride 

sot;--: 1 ' .  ■  I; .  li  I'ti.ni,.    u. .- 

b«i:  .),harinG  a  dcDai(yd<  1.013^1 


•  Oenvrsllr  rsllnl  Inlyl  sinnhot  ■  h«»  thU  n»m»  !•  tn<T>proi>'t*l*>    "  *%••«' 
(<H,(>I1  la  to  bei-tlleil  ro/W    '  .    ,.    ,  ■   .ilil  hy  ftu«ln«y  lU  *«IM 

uol     iH'nxl    nlonhol,   ImiI  i»I)I    a)aali»4   U 


SYcoceaYL  alcouol. 


Phenyl-propyl  Alcohol,  C,H„0  =  C,Ilj.CH,.CH,.CH,.niI, 
irwlucjxl  bv  llie  iu:lniii  of  iiiuevul  hydrogi-u  on  st.vr_vl  uli'uhol  or  iiiiiiiniuio 
Icokul,  C',ll„0,  i»  a  liiiuid  boiliiiy  at  illfiO  C.  (455'^  F.).  Sewjildary  plirii>l- 
«>p_vl  alcutiul,  (■,Hj.CUj.(.'H(UH).CH,,  formed  hy  the  uctiuii  of  HBs™iit 
yilrogvn  on  i-thyl-phoii^I  ketoue,  iti  ■  liquid  bulling  at  21(K^2110  0. 
4U>3-411.80F.). 

Cymyl  Alcohol,  C„H„0  =  C,4H„(0I1)  =  C,H„.CH,OH,  also 
llli'il  Cumylic  Atculiul. — TUis  aUroliol,  rtiaoiiveri'd  l)j'  Kruiit,  JH  iirodiicwl, 
>g>'llier  with  vumiv  acid,  C,oH„Oj,  by  tlie  actioa  of  alfolioliu  ptitusli  on 
iu  Aldehyde : 


auuu 


It  is  a  colorless  liquid,  iKitlinj:  at  2430  C.  (46!*. 40  ¥.),  insululile  in  water, 
lluble  in  all  projjortioiis  in  winmion  nloiliol  and  eth»'r.  Nitiic  at'id  eon- 
ert8  it  into  cumio  acid.  BoiU«l  with  alooholiv  potash,  it  is  converted 
)t>o  potaaoium  cumate  and  eynieue: 

■     3C„H,.0    +     KOU    =    C.oHiiKO,    + 


2C.,H„    +     2H,0. 


Iroohlorie  acid  gas  converts  it  Into  cy  uiy  t  chloride,  C„H|jC!. 
Motjuiieric  with  this  oouiiHiund  is  : 


Benzyl-dltnethyl 


Carbinol, 


Pbenyl-katabutyl    Alcohol, 


K-C^-CH,(C,Ui),  obtained,  similarly  to  tertiary  butyl  alcohol,  by  the 

W     \cii, 

ition  of  linc-metliyl  on  plienyl-acetic  or  •-toluic  chloride,  C,U,.C'tlj.C'OCI. 
oryslalliies  in  lung  colorless  needles,  melts  at  210-22*^  C.  (tihQ-Tl.tidF.), 
~  boiU  ftt  28110-2300  C.  (42»-3-44(iO  F.)- 


t 


yooceryi  Alcohol,  r„n^o  =  c„n„(oii)  =  r„Tij,.rn,nn. 

-This  loniiiouiid,  discuvcnHl  by   Df  La   Hue  and  MUlli-r,  Is  pro'liiit'il  by 
...    ...i:..|,  uf  alcoholic  soda  on  .ivcoecryl  ttcctate  (a  crvstulluic  siub.sliince 

1  from  the  re^in  of  Ficiu  rubiijinosn)^  and  puritled  by  jireLipitulion 
.i.'r  or  by  crystallization  from  common  alcohol.  It  forms  very  thin 
yatAls  roH-uibling  ualTeine,  and  melting  at  UU^  C.  (I940  F.)  to  a  liciuid 
WTier  than  water.  It  is  slowly  attacked  by  dilute  nitric  acid,  yielding 
orystAlliue  moss  ap]>arently  uousisting  of  a  mixture  of  syuoceric 
;  i  d,  C|,ll,,<>,,  and  n  i  t  ro  s  y  ooce  r  i  c  acid,  t'|,Ilj,(NO,)(),.  Boiled 
iUi  dilute  at|ueous  chri>mio  acid,  it  yields  tliiu  |irisnis,  probably  of  sy- 
jooric  aldehyde,  C,,H,,0.  With  acetyl  chloride,  it  forms  crystaU 
y  itycoceryl  acetate: 

W        C„llaOH    +     C.H.ori     =     llCl     -f     C„H„.O.C,H,0 . 

'ith  honioio  acid  it  yields,  in  like  manner,  sycoceryl  benioate, 
,II„.O.t',lljO,  which  crystallizes  in  prisms  from  solution  in  benzene  or 
iloroforin. 

The  retin  nf  FieuM  rublginom,  an  An8lrnlian  plant,  is  resolved  by  treat- 
nut  with  alcohol,  into  about  73  per  cent,  of  sy  core  tin,  soluble  in 
Id  alivihol,  14  per  cent,  of  sycoceryl  acetate,  soluble  in  hot  aloihol,  and 
I  per  cent,  of  n-sidue,  ^insisting  of  caontchono,  saml,  and  frngmenls  of 
irk.  Sycorelin  is  an  amorphous  while  neutral  resin,  very  brittle, 
id  highly  electric  ;  it  melts  in  lioiling  water  to  a  thick  tiijuid  which  tloals 
I  the  snrfai*.     It  dissolves  easily  in  alcohol,  othWi  ohlorofortn,  and  oil 
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ALCOHOLS. 


Diatomic  Alcohol§. 

Bensylene  Olycoli  •',IIj.CH(OU)„  appean  (fnr  reason*  alr^Ad;  i 
gigiiiHl,  j>.  tilKi;,  tu  Ix  iuoujiabUi  uf  t<xistuig,  the  reactions  wliU'li  might  I 
<!X)M<cti-<*l  tu  prtxluv«  it  luoaling  iu  rt-alitv  to  thu  production  of  bocxaldelivd 
f,H,.CUO.     lt«  f  there  art-  forinixi  from    benzal   uliloriae,  C.Uj.C'llC'l,'  <f 
(t'2t>)  by  thf  action  of  wxliuiu  alcoholatea,  or  of  the  salla  of  orjcauic  aci'U 
Th«  iliiiKihylic  riJtrr,  C,HjX'M(OCU,)„  lioils  at   2(lt=>  f.  (400.40  F.) ;  \h 
dicthglir  rthfT,  (',Hj.CU(OC,Hj),  at  iiOO  C.  (431.UO  p.).     The  aiW.<  erU," 
(',ll,.('ll(o.('j|I,(»)j,  u  uryalalliiiB  ;  luelu  at  3«0  C.  (IIO.sO  J.'.),  and  b(«U 
at  lyoO  (•.  (3746  K.),  being  resolved  at  the  naiuo   time   into  beuzaldeliydt 
anil  aootic  anhydride. 

Xylyleno Glycol  (parn),  C4H,<^!..''jj.,  ,  obtained    by    heating  pan- 

xylyleue  liroiuije  ordilironu^paraxyleiie,  ('.,H,(Cll^r),,  with  water  to  VHP-g 
lk>o  0.  (33bi;^{5(iO  p.),  tTystttlliit.M  iu  wlorle»»  niH>dles  melting  at  WS 
11,30  C.  (:i33.UO_23r,.40  K.),  onslly  soluble   in  wat<-r,  c<inverted   by  oxid 
Xing  agents  into  terephlhaliu  acid.     lU  diacetic  ether,  C(U4(CU^uO^,U)| 
melu  at  47'^  C.  (llti.lP  F.). 


The  foUowingoompounda  have  the  hydroxyl  groaps,  partly  in  Uic  prlo- 
eipal,  partly  iu  the  lateral  ohaina,  and  are  therefore  both  alooholi  ami 
phenohi. 

Sallgenln,  C,H,0,  =  C,H,(OH)— ril/)H,  or  Orlko-orybtra^  alcM,  ^ 
foruied  by  the  action  of  naiicent  hydrogen  on  salicylic  aldehyde,  t'4ll,(MH). 
Clio  ;  and  by  deiwuipooition  of  saliciu,  C,,U,/>,  (a  bitter  ^ubst.ino'  fuanJ 
in  willow  and  poplar  bark),  uniler  the  influence  of  emuhiin  or  iynapt«M, 
the  fennent  of  Hweet  almonds. 


C„H,.0,    -f 
Salloln. 


H,0     =     C,H„0, 
Ofueoae. 


+     C.H.O,. 
Sullgrnin. 


Sallgenln  forms  colorless,  nacreons  scales,  freely  soluble  in  water 
hoi,  and  ether.  It  melta  at  S2P  C.  (179. D^^  F.),  and  ilecompoaM  al 
llKto.  Diluto  acids  at  Iwiling  heat  convert  it  into  salirni  in  ,  t\lV'.  ■ 
resinous  substance  differing  from  saligenin  by  Uie  elements  of  salrr. 
The  same  snbetanoo  is  produced  directly  from  salicin  by  boiling  »lil> 
dilate  acids.  Many  oxidizing  agents,  as  chromic  acid  and  silver  oxiiir, 
convert  saligenin  into  salicylic  aldehyde  and  salicylic  acid:  this  tlio** 
that  it  is  an  ortho-oowi>ound.  The  aqueous  solution  of  saligeuin  gi«i*  < 
deep  indigo-blue  oilor  with  ferric  salts.  . 

Chlorimital  derinitivet  of  taligenin,  vii.,  C,H,CIO,  and  C,H,CI,0„  are  ol* 
tained  by  the  action  of  synaptaae  on  the  corresponding  chlonisalicin. 

Ajiisyl  Alcohol,  or  Metbyl-paraozybenxyl  Aloohol,  (*,!!,/),» 

C,H,<^,.  ,?.,  ,  is   prepared    from   anisaldehyde    (p.  89()),   in   the  asmi 

manner  as  beniyl  alcohol  from  benxaldehyde.  It  crystnllixm  in  colorW 
shining  prisnm  ;  has  a  faint  odor  and  burning  taste  :  melts  al  '21^  ('.  '  <  <-' 
F.),  and  dihtils  undecnmi>osed  at  25.'i.80  C.  (4<t7.80  K.).  By  0x1 1''-' 
agents  it  is  ctuivcrted  into  aniaaldehvde  apd  anisic  acid  ;  by  hydroilili'"i 
•cid  into  •  volatile  chloride,  C,II,(OrH,).t'H,Cl. 


^ 


UN8ATUBATE0    ALCOHOLS    AND    PHENOLS. 
VanilHo,  or  Metbyl-protocatechulo   Alcohol,  C,H,,0,  ^ 

C^j-OH  ,  obtained  by  llie  action  of  godium-amalgam  on  an  aqneons 

\CH,.0U 
•olutiun  of  vniiilliii  (7.  v.),  fornix  oilnrlnia  prisumtic  (Tystals,  melting  at 
lUSCi-lOOO  C.  (217.4<J-221o  K.),  (soluble  in  wutir  and  in  nkohol. 

Plp«ronyUo,   or    Methene-protocateohulc    Alcohol,    C^Ht^g   =^ 

CLH.r-0^      '  ,  obtained   in   like  mannur   from   niptTunal  {7.  r,),  forma 

\CH,OU 
long  ooliirlt«3  jiriBma,  mvlting  at  57°  C.  {134.0^  F.)i  sparingly  soluble  in 
oold,  more  eoaily  in  hot  water,  very  Hulublu  in  alcohol. 


A  triatomic  aloohnl  <,allril  Stycerin,  or  Phenyl-glycerin, 
C,U„0,  =  C,Hj.ClK011).CH((»llj.Cll.<>ll,  l.irui.d  by  l.i-atiiiK  tin-  cm-- 
•ponding  dibromhydrin,  CjHs.L'llBr.rliBr.CHjOH,  with  water  to  KKiO  f,,, 
24  hour«,  is  a  liglit  yellow  giiniiiiy  rua^s,  easily  sdtiible  in  water  and  in 
aitxifaul.  Tlie  dibriinJii/ilriu,  obtained  by  direct  eiimbination  of  broniino 
with  styryl  alcohol,  furniit  large  eolorless  shining  plates  or  slender  miilles, 
melting  at  740  C.  (1«5.20  K.).  The  trilirojnbydrin,  C.ll.Br,  =  CjIIj. 
CHBr.t'HBr.nijBr,  obtained  by  treating  the  dibrumbydrin  with  exeesa  of 
concentrated  hydrobromic  acid,  forma  shining  neediest  melting  at  124<^  C. 
(255.20  p.). 


^Bt  CTxgATrRATED  Alcobolb  and  PnEitoLS  : 

Clnnyl  Alcohol,  Styryl  Alcohol,  or  Styrone,  C„H|jO  =  r,II,OH,  or 
*■'  M  'M  ('ll.ClljOli,  i»  obliiine<l  by  lieatiug  silyriieiii  or  liniiy!  einnnniate, 
.11,0)  (a  compound  c<intaiued  in  liquid  Bturnx  and  in  bulsam  of 
Mth  caustic  alkalies.  It  erystallizcB  in  soft  silky  needles,  having 
m  sweet  taste  and  an  o<lor  of  byacintliri,  tnclliiig  at  33'^  C.  (ill.4'^  F.),  and 
Tolatiliziug,  without  decomjKisiliou,  at  a  liiglicr  temperature.  It  is  mode- 
rately soluble  in  water,  freely  in  aUoliol  and  etber.  By  oxidizing  agents 
it  is  c«nvfrte<l  into  cinnamic  nideliyde,  (',ll,'>,  and  oinnnuiic 
acid,  I'jH.t*,,  being  related  to  tluise  compounds  in  the  same  manner  as 
ethyl  aKvliol  to  ai'«tic  aldehydu  and  acetic  acid.  Willi  /rimrni;  «ii//</iriric 
nciJ  it  forms  a  sulpho-ariil,  <'gll|(i^"5,  tbe  barium-salt  oT  which  is  soluble 
in  water.  It  unites  dirertty  with  2  atoms  of  broumie,  furuiiug  stycerio 
•iibromliydrin,  C,H„Br,0,  described  abiive. 

AUyl  Phenol,  or  Anol,  (',^1,^0  =  CjII/OHXCjIIj),  forme<l  by  fusing 
Kiiiiinldi-liydH  (p.  H'MY)  with  pota.s)i,  crystallizes  in  shining  laminie,  melt- 
ing at  920  0.  (197.(5^  K.),  and  decomposing  when  distilled. 

Methyl-allyl    Phenol,  Anethol,   or  Anise-camphor,   r,„l[,,0  == 

* V'«(^^  '^'1)^'  «"»)•  '"  "  eoiinlituriit  of  the  volatile  oils  of  anise,  fennel, 
and  Uuragon,  and  sei)arates  therefrom  on  cooling  In  soft  sliiuiug  scab's, 
melting  at  2(0  C.  (tiSO  f.),  and  Imiling  at  22f<0  C.  (437°  F.).  By  oxida- 
tion with    chromic  acid,  it  is  resolvc-d    into  acetic   and  anisic  acids.     On 

heating  it  with   hydriiHlio  acid,  the   methyl  group   is   separated,  and  (lie 

maiis  Ln'couu'S  resinized. 


I 


Enganol.  r,„H„0,  =  C.H.tOHXOCH.XC.Hj),  (Eugenie,  or  Carj/oph^llie 
M),  uccars  in  oil  of  clovua  (from  the  nowera  of  Caryophylltu  aronui(iciu), 
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In  oil  of  pimento  (from  .Vyrfu*  pimrnta),  and  a  ffw  nihrr  Tolatilo  < 
may  Im!  olitaiiicil  tlierefrnui  by  sulution  in  potAsli.  filrrat^.u  u.ud 
tatiun   ly  cnrlKiiiic   acid.     (I   it   a  colurUvo,  aruu.  r 

1.0779  kt  OO.  boiling  »l  -^47.50  C.  (.ill/jO  V.).  sol.. 
chloride  colurs   lli<j  solution  blue.      Bu);i.-uul,  iK-atol  »r 
givos  oir  metliyl    ii.Nlide.     Dy  fusion  with  potash  It  is  c 
iwld  and  prototailechuif  acid,  l.,H,(OH),.CU,ll.    Those  rt:;uli<'ii?  >lcC 
it«  constitution. 

Kugenol    dissolves   iu   soda-lye,    formini;    sodinn '  - 

(ONa)(t)CH,),  which  is  i«uverle<i  by  uietliyl  ic«lii 
^V'i(''j'*i)('^'^"j)j'    whirh,    by    oxi'dnlioii 'with    ■• 
jrieliU  dimelhyl-prntoonterhuic  auid,  <\tI,(UCtt,),,CU,li.     in  Ilk*  I 
are  formed  ethyl-eugeuol,  propyl -uugcnol,  etc. 

Conlferyl  alcohol,  C|„II„0,  =  C,H,((>U)(OCH,).C:,n.()n,  i»  Cu 

the   deix<m|HJSitloii  iil  eouiferiu    («••'•   !;••■   ■.••■■    >    >--   "       ■■ 

emiiUin.     It  cry8t.-illixes  in  colorler  l&SJ 

lt>7'^  I'.)  ;  i»  insoluble  in  cold  wat'- 

iu  ether  and  in  alkali>-a.     Dilute  nciils  convert  it  i> 

ride.     Uy  oxidation  with  chromic  acid  uuxlum  it  .v  i 

Cboleaterin,  CmUmO,  a  prrtduct  of  the  animal  organism,  U  humnl 

with  ninny  1  iiloolml,  .ind  luis  the  eharaeters  of  a  im"  ■'•■■ •'  - 

found  in  giuall  quantity  in  viiriouH  piirtri  of  tlu'  m 

hlle,  the  brain  and  nervf»,  nud  llio  blmid  :  it  fnrin- 

ii'/iiir^  tWcii/i,  from  which   it   is   easily  rxtraeti-d    by  bui 

gnll-8loii<'»  in  strong  almhol,  and  tittering  (he  itolulion  >> 

ing,  the  cholesterin  crystallizes  iu  brilliant  colorli-ss  platci>.     ii  u  a  int} 

substance,  insoluble  iu  water,  tn«teli-8S,  and  iniMlorous  :  It  ia  flr<n<(y  aoliiMt 

in   boiling  alcohol   and  in  elber,  aim)  in  clib':    ' 

the  alcoholic  solution  In  Iteaiitifill  white  lain 

lustre.     It  melU  at  137^0.  (27H.(»F.),  m^'  i  - 

On  ailding  a  solution  of  cholesterin  in  r! 

the  chloroform  becomes  pnrple-reil,  wbil 

hibits  a  greenish-yellow  fluorescence  :  the  red  ohlnmlofni  solutiooarapiir 

in  a  porwiain  capsule  turns  blue,  green,  and  llnally  yellow. 

Heated  with  strong  sulplinriu  ai^id,  it  givra  up  water,  and  ^ 
nous  hydrocarlion,   C^H„.     With   nitric  iicid    It   yii'lds  ch" 
C'»"iii<'ii   together   with  other    priMlucts.      With    cl' 
forms  sulwtitution-produels.      Ilenteil    lo  2tl<)0  (' 
butyric,  benioic,  and  stearic  acids.  It  fori"-  '■••«■<«■■ 
and  ilninitr  crvslaltlies  in  neeilb-s,  tin 
F.),  the  latter  at  2MI»C.  ennCO  F.V     Tb. 

Ing  at  12.'<o-1:J(>3  C.  (2..:  i.     With   I'l  I,,  or  slr^mg   r 

ncid.  It  yields  the  rA//>ri"  ..  which  crv»talli«i»  in  »■  • 

converted  by  ammonia  inlu  JtutiMnnimni',  C^II^.NH,. 

IsocholeHlerin.   r„II„0,  ocnit^.    L.-.tlirr   wllti    rll.-.^■•i1.^t1l.  hi 
grease  of  sheep's  wool,  and  may  b< 
ing  the  mixture  of  cholesterin  and 
«oic  acid,  whereby  they  are  ronverleil  mu-  Ui 
these  wmjHMinds  from  ronirnon  etlier.  the  eh" 
In  thick  tabnbir  Cl  1       ■       ■  '    ■  '    ' 

and  from   the  lalt. 

Bb-..l...li,       ,.,.1^.-1.  ,,..:.  I 

ni.  '  .).     it  ■!• ' 

aeii  hi,  bnl  In  <■  il 

lilco  cholustvtiu.     U>  b.<)vt,>iic  titifi  iiedU  at  19(10-1111^  i;.  (^t-i-^-^^i 
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AROMATIC  ALDEHTDBS. 

1.     AU<liUYU£ti    AAAUXJUCK    TO    UD.VATOMIC    ACIDK. 

Vt>at  Mvhydra  aro  known,  Ix-IongiDg  to  the  Berim  C,H,._,0,  uiologoua 
t  iMDviie  auiiJ  and  its  liouiologaes,  vix. : 

Benxoic  Aldehj'ila,  C^H^O 

Toluio  Aldohydo,  <-'«H,0 

Cumic  Aldehyde,  C„H„0 

Syuooerylio  Aldthyde,  C„}I„0 . 

Tb«M  kldchydes  exhibit  the  samo  g<-n(>ral  roactioiis  as  those  of  the  fattjr 
,  aad  ore  obt&inud  by  similar  prmese^a. 

Benz  oto  Aldehyde,   Bensaldehy  de,    or    Bltter-al- 

tnond    oil.    i  ,i|,i)  =  r,il,..i'IHt  =  ('.l^iMi.  is   prn.lii 1 — I.  Uv  tin. 

xulatioii  III   U'ii2.vl   ulcdhiil.     2.    By  tliu   uotiun  uf  uaaiout  liydrogen  on 
tliloride  or  cyaiii'lt.^  of  In-iizyl : 

c.Hj.coci  4-   n,  =   HCi  +   c.Hj.cno. 

F"     "      '     ating  b.'ninl  chloride.  C.Hj.CHCl,,  with  water  to  1300.1400  C. 
i3   F.).     4.    By    Ih'aiiug    benzyl   chloridi-,    C.Hj.t'HjCl,    with  .in 

,„-, -ijlution  of  lead  nitrate.     6.   By  the  oxidation  of  amygdaliu  with 

ilrio  n-ld.  (i.  By  digesting  hitter  almonds  with  water  for  five  or  six 
|inu»  at  30Q_KiO  c.  (H(,-0-l(l40  v.).  Thu  syuaptase  iiresent  then  acta  aa 
»  fi-rmt-'Ut  ou  the  auiygdaliu,  vonrcrting  it  into  glucose,  bcuioic  aldehyde, 
<l  hydroc-yanio  avid  (sec  Oldco8idki>). 

7.    Benxoiy  aldehyde  ia  formed,  ti^gi'ther  with  many  other  prnducis,  by 
the  Bfjlinn  of  a  mixture  of  mnngaoene  dioxide  .ind  sulphuric  acid  on  aUm- 
lin,  niiriii,  easein,  and  gelatin. 

Pare  beiiiiiir  aldi-liyde  is  a  thin,  colorless  liquid,  of  great  refraetivo 
wwer,  and  peculiar,  very  agnn-able  tnlor;  its  density  is  l.tTiO  at  150C. 
61IO  v.),  and  lU  iKiiling  point  180OC.  (3r.(P  P.):  it  ia  soluble  in  alwul  .30 
uxta  of  water,  and  miscible  in  all  proportions  with  aU-obol  and  ether. 
Kxpo*<«i  to  the  air,  it  rapidly  absorbs  oxygen,  and  in  ennverted  into  erys- 
ju'd  iH-nxnic  acid.  Heated  with  solid  i>ntii.<siii)n  lii/ttrnriili',  it  gives  off 
igen.  and  yields  |K>tas8ium  benxoate.  With  the  alhilinr  histil/i/iilrs  it 
lieatitifnl  crystalline  eomtjounds.  The  vapor  of  the  oil  is  iullam- 
,  ami  burns  with  a  bright  llatnc  and  niueh  smoke. 
Beni'iii'  iildidiyde,  trejjted  with  sodium  umnlqnm,  is  iNinverted  into  Ixjnxyl 
tlcohol,  r,ll,<).  With  pliof/ilionu  jmntaMoridi;  it  viulda  Ijonxal  olUoride, 
C^Cl,: 

C^Hj.CHO    +     PCI4    =    PCljO    +    C,H,.CHC1,.  ' 

Amtmnnia  eonverts  it  into   hyd  robe  nx  amide,  a  while  crystalline 
leatral  hotly,  which,  when  lioiled  with  aqueous  |iot.aah,  ia  converted  into 
»u  iMHueTie  bai<ii'  compound  calleil  a  m  a  r  i  n  a  : 

3C,II,0     +     2NH,     =     (C,!!,),^,    +     3H,0 

CMi  the  njomatio  aldehydes  act  with  ammonia  in   a  similar  manner,  and 
lin.'  thereby  distinguished  from  the  fatty  ableliydes. 

'  '      '     '      i/amide  yield  by  dry  distillation  an  isomeric  base, 
• ,  which  crystallixes  in  long,  sparingly  soluble 
,.i.t    ..I    ~--^  C.  (05-lc   K.),  and   unites  with   acids,  forming 
iryttAlUnc  nalta. 
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Tolulo    Aldehyde,   C.tl.O  =  C',H 


(I  :  4),  is  prolg 


}•■ 


\)y  ilistilliiii;  a  uiixliir»  of  Uu>  caloiiiin-iialu  ni 

Tht<  oily  <li!ilillttU'  agiUUvl  willi  a«i<l  sodiuni 

oomp<iiiiiil,  which,  whrn  ili»lill«l  with  mnliiir 

hydv,  aa  an  oil  liaviiijc;  a  jJi-pfxTy  inlor,  aii<l  I.. 

Ku   exposiiru  lo  thii   air,  il   is   RroiJually  cimvi  rt.M 

CjHjO,.     Wilh  alooholic  jKiliiih  it  (uruu>  )iola8slum  para-tulu.t 

xylyl  iiluuliul : 

2C,H,0    +     KOU     =    C,n,KO,    +    C,H„0  . 

Cumlo  Aldehyde,   C,.1I„0  =  C,n,<Ji»|{j    (J  :  4), 

gothtT  with  ■'ymonp,  C,,II„,  in   llio  <«t8t>iittal  oil  of  cnmin,  »• 
water- hi'iolock  (tVii/ii  i-iri>»i),  niiH  may  Im>  olitnim*!  hy  airiU' 
tli>vt(<  oils  with  aciil  Bodiuiii  siil|.i)iil'        ■     '    ■    ■ 
luit.  not  till-   cyiueuK,  aii<l    fomis  n 

aliluhyde  may  hi!  Bepar&t<xl  hy  i|iMil,,..i..; ;.  , 

ia  a  colorliws  or  slightly  yclhiir  liniiiil  hnviiiK  a  (">■•' 
at  2370  C.  (458.60  K.)!      It  is  easily  nxiiliie.!  in  tli. 
<tistillt><l   ill   a  current  of  carl«iiiio   aeiil   g»«.      It  is  eon  • 
aoiil,  <'i(>Hi,0,,  by  oxidation,  ami  hy  alcoholic  |>utaah  int,.  , 
and  oyiuyl  alcohol,  (.',„",,<•. 

Syoooeryllc  Aldehyde,  C,„I{„0,  in  pr<»1uo<-'l  iu  litin  ]ir:-- 
(tiling  gycuueryl  alcohol  with  ai|ueous  chromic  ooiil. 


•«Mi>.i 


Clnammic  Aldehyde,  C,H,0. — Thio  compound,  «' 

klioM  II   iiituilicr  i.r  Ihe   Kerirji  of  aldehyth'S  C',ri^_,„< ',   '■ 
vimliat    p»rt  of  the    volalilM  oils  of  cinnamon   aixl 
tnin<<il   from  the    hark  of  different   tre««  of  the   g> 
/jjiinicni^^vii.,  oil  of  cinnamon    from  Ceylon 
ffiiin  (.'hin4.*Htj  eiiinauion.      I'hv  ahU'hydiT  in.iy 

hy  means  of  acid    )intnx!<iiiui    hiilpliite.      Ilisji^.^ .,,.«,.,   iij  < 

ilalion  of  styryl  alcohol  ;  hy  dry  distillation  of  amixturi;  uf  clnmuBalna^ 
formate  of  calcium,  and  hy  saturating  a  mixture  u(  Utii)t»tilid^4«  tai 
acetaldehyde  with  hydrunhloric  ttuid  : 

C.Hj.CHt)    -f.     CIIj.CUO    =    11,0    -f    C,H,.rn— CH.tXJO. 

*Tliia  liut   riiBClinii  Is  analogong  to  tbc  formation  of  eroloule  •lilah/l*  If 

oondemtatioii  of  nwtaldehyde  (p.  073). 

Ciiwiamic   aldehyde  is  a  oolorK-ss  oil,  rathvr  hpavivr  than  wain.    A 

may  N?  distllle<t  without  alteration  in  a  raciiti I  lal^iJviKr. 

hut   altsorhs   oxyjjen    quiikly  on  ei|xwuri'  to  •  .n  tnw<<» 

iiainic  a<!id.      When    hiHwl  wilh   poln!<h,   it    1  einiu 

ami  given  off  hydrogen  :  C.M.O  +  KOII  =  r,\  tuiMWU  M 

codvorla  it  into  hydrociunamide  :  3r,ll,t» -f-  ;:.      _  .  +  .ITLoTj 


2.  Aummmra  »!rAiAiot»»  r»  lUAToaic  um  aosousir  acia^ 
Salicylic  Aldehyde,  t  SalioyUl,  (.((.o,  >  <',H«<^,u(, ,  (1 

Ilia  <aat{i)><UHi 


Qj-^itHUiUUhytlt,  furuurrly  ctallnl   Salrrfl:' 
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erbaceous  SpirBW,  especially  in  the  flowerH  of  mesdow-ftwuot  (.S/n'nai 

rUt).    It  is  foruiuil  artiliuiiiUy  byuxidizing  aaligenin,C,H,(UU).CU,OH 

r^M),  or  itj)  gluixmides,  isalicin  ami  populiu  (sec  (tlccobidex),  anil,  to- 

rith   the  isomi-rio  para-cuiupuuud,  by  tUo  action  of  cbluroforui  ou 

Ikaline  solutiou  of  phenol  : 

,H,(On)     +     CUCl,    +     H,0     =     3IIC1     +     C,U,(0I]).C110  . 

last  reaction  affords  the  easiest  inL>thixl  of  pn-pnring  sftlieylal.     Chlo- 
(3  parts)  ia  gradually  added,  with  agitalicm,  to  aHuhition  of  phenol 
parts)  and   sodium  hydroxide  (4  parts)  in  ()-7  parts  of  water  at  5iJO- 
*C'.'<  123^1400  F.)i  in  a  vessel  with  reversed  condenser  ;  and  a  ijnan- 
•  of  wat<.-r  is  added,  sufficient  to  form  (after  beating  to  UOO  C.  [14(1°  h\] 
Ikalf  au    hour)  a  clear   red-brown    liiinid,  which    is  to  lie  kejit   l»>iliiig 
[two  hours,  then  acidulated  and  riistilU-d.      Sulicylal  and   plieunt  then 
I  OTer,  while  para-oxyben«ttldebyde  remains  behind.     The  distillate  is 
•haken  with  etiier,  and  the  salicylic  uldeliydc  is  separat<*d  from  tli»  ethe- 
mi^  aolutinn  by  tigitation  with  acid  sixliuiu  sulpbitc. 

jHBjklicjrlal  is  a  thin,  colorless,  fragrant  oil,  acquiring  a  red  tint  by  expo- 
^^b  to  the  air.  It  has  a  si>ccifiu  grnvitv  of  1.1 72S  at  lf>o  C.  (fi!)0  v.), 
^Kili<«  at  — 2))0  C.  ( — to  K.),  boils  at  'l!)tiO  C.  (384.80  F.),  and  burns 
^^K  a  bright  smoky  flame.  Water  dissolves  a  pcrccptiblu  quantity  of 
^Blcylal,  acquiring  its  fragrant  odor,  and  the  jiroperty  (likewise  exhibited 
by  salicylic  acid)  of  producing  a  deep-violet  color  with  ferric  snlta.  Aluo- 
JbI  and  ether  dissolve  it  in  all  proportions. 

^^■•licylal   Is   oxidized  to  salicylic  acid   by  Ixiiling  with   ciipric  oxide  in 
^^Bsline  solution,  partly  also  hy  potassium  dicbromnteand  Riiipliuric  acid  ; 
ft  likrwiso  rvdnoea  silver  oxidu.     When  heateil  with  potassium  hydroxide 
it  ia  couvortud  iuto  potassium  salicylate,  with  evolution  of  hydrogen  : 

C,H,0,    -f     KOU     =    C,H,KO,    +     H, . 

[na»<wnt  hydrogen  It  is  oonvprt^d  into  saligonin,  C,H,Oj  ;  by  am- 
lia  into   hy  drosaliuy  lamid  e  : 

3C,n,0,    -f     2NU,    =     3H,0    -f-     CaHuO.N, . 

Ifcylal  is  attacked  by  chlorine  and  bromine,  forming  (',ITjrin,  and 
-BK>,.  both  of  which  are  crystalline  Ixxiies,  having  acid  properties. 
I  moderately  strong  nitric  acid  it  fnnus  n  i  tros  al  icy  1  al,  <',llj(NO,)(),, 
ich  is  also  crystallizable,  and  forms  crystalliiable  salts.  With  I'flj,  at 
.  liuary  teinperatun-s,  saiicylul  forms  or  t  h  oxy  be  u  z  al  chloride, 
C,H,(OH).C'Uri„  crystallizing  in  prisms,  ami  melting  at  83&  C.  (179.6° 
g,);  and  when  heated  with  I'Clj,  it  yielila  orthoch  1  orohen  zaJt 
Cloride,  C.H.Cl.CHOI,,  a  liquid  boiling  at  2-27'^-23no  C.(440.(iQ-J4uO 
I,  and  isomeric  with  parachlorobcmzal  chlnriitu  from  tidiieiie  (p.  Sliti). 

allcylal  dissolves  in  alkalies,  forming  cryslalline  Ktnipimuds,  formerly 
Ird    fiiliri/lilr*.     The  j>iiluit.siuiii  mmjimiiid,   C,ll,(OK).('ll<),    forms  square 
>,  easily  soluble  in  water  aU'l  in  alcohol,  and  decomposing  quickly 
I  exposed  in  the  moist  state  to  tliu  air. 

Icthyl-salicylnl,    r,n,(Ofn,).rilO,    obtained    by    the   action  of 
methyl    I'odide   ou    potassitmi   salicylal,    is    a    liquid    Ixiiling   at  2HMJ  C. 
KI.40  v.).      Ethy  l-salioy  lal,    prepared   in   tike   manner,    Ijoils  at 
>C.  1478.4CF.). 

ICfltyl-salicylal.  r,n,r>,=  f*.".(<^f A'^)-''"'^  metaraerie  with 
Bmaric  a<'id  (</.  c'),  is  fonm-d  by  the  action  of  acetic  anhy^lride  on  sodium- 
■  i-vlnl      at    ordinary    temperatures  :     (\H,((>Na).CH()  -f-  ((',H,U),0  =a 

IjO.nNa  ■{■  C,H,(()C,Hj()).CH(>.  The  acetic  oxide  ia  iMlded  to  au  equiva- 
75 
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leint  quantity  of  pnwdi^red  anh^-droui  solitim-siklirylal  tvspeadiei  la  | 
dry  Ktlicr,  and  after  tlie  wlioli-  Iwi*  stool  for  twoiityfixir  hour*,  tbr 
real  liquid  is  lilU.rod  off  from  tin*  aodiuui  nwtatv,  tli.  .mtt 

oryslallineuakv  which  8i*parntcs  «n  rvoliii);  is  (lurifi' 
liibulons  }mp«r,  aud  cryt^laltizatinii  fmui  alcohol. 
pat<»d  lucltii  at  37°  C.  ('-•S.tjO  K.).  ^mWs  at  about  :!. 

distils  without  doc<Mi""-i'""       'i  '^•■'^•m<  dellliitc  am., 

hisulpliiteH.     It  ib  i>iili«   potsitb,   with   i 

l»otaB»iuu>  acotaUj  ui,     _  .il: 

C,H4(C,H,0)O.CHO  +  2K0H  =  C.U.KO.CUO  +  C,n,K(>,  +  fffi 

Aoctosalicylttl  likvwisv  unituD  directly  with  acotic  oxide. 

If  the  priKluvt  of  tli(<  action  iif  aortic  oxlilv  on  Hallcytal,  !nsrlr»|  of  ( 
tr«ntMl  iu  the  inanui-r  alxivv  de»nriU;(l,  hv  )>ourrd   iut<>  " 
nitnutea'   tmiliiig,  an  oily  liquid  sinks  to  tilt;  buttuiu,  ai. 
remaiUH  in  solution;  and  on  <liHtilliu(;  tliin  oil,  an! 
which  pasBcs  over  aft«r  tho  tiMiijicrutiirv  has  risi-ii  : 

crystalline  suhetauco  is  olitaiuc-d,  h.iviii;'   tl i,i  . 

mmus  M/ic  tHoiccuU  tff'  water :  this  8Ulj6tani-< 
ooumariu  or  coumariu  auhydridv,*  tUu  i»l 
.  (iMMt  CouMAitic  Acts). 


Paraozybensaldehyde,  r.n/OH).('Hl)  (1:4),  is  | 
with  huli.ylic  ul.lvliyd.-,  liy  Uiv  action  of  chloroform  on 
in  caustic  soda  (p.  h8!l),  and  may  W  extratH.  .1  '.  tu'  ii;i<tmi 

ri>!iidu<-  of  thv  distillalion,  and  purifiol  by  r  n;«»  wiUf, 

It  I'ornis  stellate  groups  of  sicndi-r  m-i-dloK  ;   m ,    ,.  ■      ..'•>•- 

IIW.I)"  K.):  suliliin<>8  without  deoompoMition,  disoolven  -| 

uiorv  rpadily  in  hot  watvr,  easily  in  alcohol  and  ethei. 

c«>lors  its  solution  dingy  violet.     It  forma  easily  suluhln  vuin|iu<ui>ta 

alkaline  hisulphitvs. 

Anlsaldebyde  or  MethyI-paraojcyb«iutaldehyd«,  C«n,(l^ 
Clio,  iyoaieric  with  methy l-fniicyliil,  is  lornu-<l.  lo^rihi'r  wilti  aniaiu 
liy  oxidation  of  anisic  aliohol,  ('tll|o"t>  'n  ■■nntaet  with  pl.tliBo 

also  liy  the  oxidizing  action  of  (lilutc  nitric  f  ■ '   > l>tlU  ulb  < 

anise,  fennel,  and  tarra);nn,  which  cvutnin  bti'  TIw 

of  the  oxidation  is  shaken  up  with  tjie  acid  >< -:  ,  .  unl  tlM  i 

suiting  crystalline  coniiHMind  is  dtwumpumKl  by  solutiun  of  aodii 
bonnte. 

Anisnidehydp  is  n  colorless  oil,  having  an  aromatic  - 
\aste,   a   density  of    l.ia:t   at   15'J   C.    (.'.'.I0  V.),  and  I.. 
(478.40  F.).    It  is  nearly  Insoliihle  in  w.nter,  hut  bmI  ■' ' 
in  alcohol  ami  etlier.     It  is  oonvertt-d  by  oxidation  i' 
by  nascent  hydrogen  into  anisic  altidiol    <    ii   <> 
corn|Kiunds  with  alkaline  hisulphiliw. 
dramidH,   C„H|,0,N,.     By  nlmlmfic  pnln^ 

manner  as  benxoio  aldehyde,  yielding  potaMiau  aut«al«  aiMt  aaiaic  ■ 
bol: 

2C.H,0,    4-     KOH    —    C,H,KO,    +    C^ViJ\. 

■  P  c  r  k  1  a ,  Cticai.  Soe.  Joura.,  MS,  p.  ML 
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3.    ALDBBTDBS  ASALOOODS  TO  MOITOBAglC  AXD  TBUTOXIC  ACIDS. 

iozybensaldebyde    or    Protocatechuic    Aldehyde,   C,n,0,  ^ 
1,(01I>,CU0  (CUO  :  OU  :  OU  :  =  1  :  3  :  4),    i>ru<luced    by  iho   action  of 
^loroform  on  au  alkaline  solation  of  pyrovutecliiu  : 

C^.(OU),    +     CUCl,    +     n,0     =    C(n,(011),.CH0    +     SHCl; 

«Uo  hj  boning  diclilompiporonnl  with  wat»r,  and  by  heating  vanillin  or 
pipc-ronal  with  dilute  hydrochloric  acid  to  200©  c.  {3<r2P  i\).  Flat  shin- 
fag  orystals,  melting  at  ISIN'  C.  (302O  F.).  easily  soluble  in  water.  The 
aqneuus  Holution  isi  colored  de(<])  green  by  ferric  chloride;  by  fanion  with 
polaab,  the  aldehyde  is  converted  Into  protocatechuic  acid. 

VanllUn,  C.H,0,  =  0,H,(OH)((X;Hj).CHO,  Mrthyl-proldfateehme  Aide- 
Ajfdr,  is  the  oiloriferou!!  priuriple  of  vanilla  (the  fruit  of  Vanilla  aroimilioi), 
in  which  it  qxLsts  to  the  amount  of  about  2  percent.  It  Is  produced  artill- 
ciall/  from  coniforin,  t'|,ll„0„  a  glucoulde  occurring  in  the  caiiibial 
B«<:rettoa  of  all  oonifernnii  plants,  by  oxidation  with  cbrumic  acid  mixture; 
or  the  coniferin  may  be  n-solved  by  ttniling  with  dilute  acids,  or  by  theao- 
tioB  of  einuUin,  into  glucose  and  coiiiferyl  aleuliul  (p.  h)i6)  : 


C,.H„0.    +     H,0    = 


+    t:„HuO,, 


and  th«  ooniferyt  alcohol  oxidised  by  chromic  a^^id  mixture.  Vanillin  ii 
also  produced  (Hhiiilarly  to  protocatr>cliuic  aldehyde)  by  the  action  of 
ebloroform  on  an  alkaline  solution  of  guaiitcol    (methyl  pyrucatecbin,  p. 

^^v&nlltin  crystallizes  in  stellate  groups  of  colorless  nei-dles,  melt:<  at  BOQ- 
V|D  C.  (17<iQ-177.»o  F.),  and  sublimes  when  cautitmaly  heated  ;  dissolves 
isparingly  in  c<jld,  more  freely  in  hot  water,  easily  in  alrohol  and  ether. 
It  fumsA  crystalline  compounds  with  bases.  When  boiled  with  dilute  hy- 
drocltlorio  acid,  it  is  resolved  into  methyl  chloride  and  prototratechuio 
aldebyd*) :  and  when  fused  with  potash,  it  is  converte<l,  by  oxidation  of 
thr  sld«byde-group  CIIO,  and  separation  of  the  mutbyl-grnup  into  proto- 
eatc<chuia  acid.  Bromine  converts  it  into  bromov  an  i  II  i  n  ,  (*,,ll,BrO„ 
wUicb  orysiallixes  in  yellowish  lamins  muUing  at  \tiiO  C.  (321. H'-^  F.). 

D  ime  thyl-protocatech  uio  .\ldehydp,  or  Methyl-vanillin, 
C^H,(f )CU,),.CHt),  and  E  t  h  y  l-m  u  I  h  y  I-  p  r  o  t  o  c  a  t  e  c  h  u  i"c  Aide  h  y  d  e , 
or  Kthyl-vanillin,  (',l§,((M'llj)(0C,ll5). ('HO,  are  formed  by  the  action 
of  methyl  iodide  or  ethyl  imlide  on  potassium-vanillin.  Both  cryslalliio 
in  ccdoriess  prisma,  slightly  soluble  in  cold  water,  somewhat  more  easily 
in  alcohol  and  other.  The  former  melu  at  15Ci_2(0  C.  (OyO-tihO  p.),  and 
boiU  at  3850  C.  (.1460  p.)  ;  the  latter  molts  at  thlO-t;50  C.  (147.20-1490 
P.),  and  easily  sublimes. 

Piper onal.  C,H,0,  =  CH,<Q|>r,Hj — CHO,  Melkene-protofalediuu:  Al- 

drJtyJr,  is  obtained  by  distilling  a  diluto  aolntion  of  potassium  pi|H<rale 
with  potassium  permanganate,  and  agitating  the  distillate  with  ether.  It 
forma  long,  colorb-ss,  shining  crvstals,  having  a  very  pleasant  odor ;  melts 
at  370  C.  (its. CO  p.),  boils  at  2ti30  C.  (5(15.40  p.)  ;  dissolves  sparingly  in 
Cold,  more  freely  in  hot  water,  easily  in  alcohol  and  ether  ;  unites  with 
acid  aulphiti-s  of  alkali-metal.  Ibated  with  H  mol.  ITl,,  it  yields  liquid 
diehloropiperonal  chloride,  C,IT, ('!,'•,,  wbii:li  is  resolvwl  by  cold  water  into 

hydroehlorio  Uiid  and  diehloropiperonal,  C,H,C1,0,  =>  CCa,<^[^>C,H,— 

CHO,  and  bjr  boiling  with  water  into  CO,  and  protocateohnio  aldehyde. 
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4.    A1.DEUTDE8  ADALOOOl'B  TO  BIBASIC  ACIIM. 


PhthaUo  Aldehyde.  C.H.O,  =  C,H,(CHO),  (1  :  2).  tefi 
im;  )iliUittl.vl  i-liliiriclf,  r,H,0,t.'l,,  with  »lnc  ami  h.'(<lr<>rJil"'ri<« 
lUsiiiilving  iimgiit-riiiiiu  in  u,  oook-d  eolutioii  of  pliil. 
be  exlracu-il  by  ii>;utruliiiin^  llie  solution  with  »!'■■■ 
tatiiig  witli  ether.     It  crj>l,tlll«i'ti  frnni  hot  wiitrr 
bio  tjiblt>s,  melts  at  tiSO,  aii<l  tmlUimca  when  caul. 

sparingly  in  lold,  more    reailily    in    IkiiUii;^    ««(•  r,  . ,    ...    _ 

Hthur. 

Terephthalio   Aldehyde  (I  :  4)  is  furtuod   by  prolnnxml   ). 

tollylen.'  rliioriilu  (|>.  S2s;  with  water  (20  parts)  an>l  |i?a<l  nitratr  i 

•nil  sulwenuent   distillation.     Crystalliava   in  tileniier  uewllva,  nutiluik  »J 

114u_U50  c.  (2.37.i:o_23H-  F.). 

Both  these  aUlehydea  di.-isolve  sparingly  in  cwM.  r    - 
water,  ea.sily  in   alcohol  ;    the  urthi.>-o<inijKinn<l  i>- 
juira-ujnipound  easily  soluble  in  t-ther.     Hotli  form  ;.._.  .. 
with  auid  godinm  sulphite. 


KETONES. 

.  Tlie  aromatic  ketones  may  oontoin  either  two  kroniatla  aloolM).j 
(phenyl  nnd   ilM   homolu(;ui;9),  or  one  rn 
i-.uliele  (methyl,  ete.)  belonging  to  the  : 
hv  noticed  in  lliis  |ilais\  tli.i  foriuLtr  in  toi....^, 
pounds. 

Phenyl -methyl  Ketone  or  Aoetopbenone,  f.IIj.CO.fH^  b  fcnu-J 

by  distilling  .n  mixture  of  benzoate  and  acetuto  of  ealciuni,  or  by  Ui*i 
of  line-methyl  on  benioyl  thlurlde  : 

2(c,ri5.co.ci)   +   zn(cn,),  =  Znci,  -f   2(r,n».cxj,cnj . 

It  crystal li ices  in  larj;e  laminw  mulling  at  14"  C.  (S7,20  p.),  b  ib«i< 
by  uaacvnt  hydrogen  into  phenyl-fthyl  alcuhol  (p.  88a),  »iw(  ttm 
oxiilation  with  chromlo  acid  into  benaoio  avid  and  carboa  dioxide. 

Fhenyl-ethyl  Ketone  or  Propiophenone,  ( ', 
«0)ite  nnd  i/rojiionalu  uf  caleium,  nnd   l.y  the  «.-lii^ 
uoyi  olil<;ride,  i<!  n  liquid  which  boiU  at  2(iiS^— : 
wnverliKl  by  nosoent  hydrogen  into  Bewndai' 
resolved  by  chmmio  acid  into  beuEoic  and  aceu, 

Phenyl-propyl  Ketone  nn.l  Th 
CjHf,  an.  formed  by  distilling  a  mi  > 
or  imdnityratu  r.«»|K'.:tlvely.     The 
4;M.(jO  p.),  anrt  jg  oxidiKwl"  bv  cbrouuc  ncid  t< 
the  lattor  boils  at  215©  c.  (4'l'.l  '  F.),  and  is 
benzoic,  awtic,  and  earbonin  acids. 


J.cnj.    ■ 
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420.^  F.),  anites  with  arid  Hodiam  salphile,  and  is  oxidUoKl  by  chromio 
•cid  to  twnzoic  and  acctiu  aoidH. 

Bensyl-ethyl  Ketone,  C(H,.CH,.CO,C,H{,  from  alphatoluio  chloride 
with  xiiie-«tliyl,  boilii  at  'ZUSP  C.  (438.80  p.j,  and  ig  oxidized  bj  uhrumio 
ilfiui  U>  btuuuio  aud  propiouio  acids. 

^^f  1.  MoNATOMto  Acids,  C„H^ 

These  acids,  which  bear  the  same  rwlation  to  the  hydrocarbons  honmlo- 
£on»  with  bcnzfuu  that  the  fatty  acids,  C„Hj„<>j,  bt<ar  to  ibo  paraffins, 
C,II^4.„  are  produced  by  reactions  analogous  to  aomo  of  those  which  yield 
the  fatty  acids,  Tiz.  : 

1.  By  oxidation  of  the  eorrt«ponding  aldehydes  and  alcohols  :  thus 
benidio  acid,  0,H,0,  or  CjIlj.CIWH,  is  formed  by  oxidation  of  bt'uzalde- 
byde,  CjUj.COIl,  and  of  b.-ni:yl  ali'ohol,  C.Hi.CH.jOlI. 

2.  By  the  action  of  water  on  the  corresjmndinj;  acid  chlorides. 

3.  By  the  action  of  acids  or  alkalies  at  the  boiling  lieflt  on  the  aromatic 
nitrila  (cyanides  of  phenyl  aud  its  homologues,  p.  828)  : 


.0,. 


^Viiaoi 


c.n.CN    4- 

Phenyl  oyaulUe. 


2H,0 


NU,     + 


Benzoic  acid. 


>{e  acid  and  its  bomolognes  are  likewise  obtained  by  the  following 


A.  By  the  action  of  sodiiiin  and  carbon  dioxide  on  the  monobrominatcd 
drriTatives  of  benzene  and  its  huouUogues  ;  c  g., 


rjH.nr   + 

BromobeDzene. 

Na,    +     CO,    =     NaBr    +     C.H-.CO.Na 

ScKlIuai  ticnioate. 

C.H.Br.CH,    + 
Bromotoluene. 

Na,     +     CO,     ==    NaBr    +     C,U.(CH,).CO,Na 

ScKilum  toluate. 

5.  By  oxidation  of  the  hydrocarbons  homologous  with  benzene  by  means 
of  chrouiie  acid  mixture  or  dilute  nitric  acid.  By  chromic  acid  the  lateral 
chains,  ClI],  CU,.CU„  etc.,  are  at  ouou  oxidized  to  CO,II  ;  aud  tlie  hydro- 
carlnma  wliich  contain  only  one  latcrat  cliuin,  C^H^.L'lIj,  Cgl{j.C,H„  etc., 
are  all  uxiditud  to  benzoic  a<^id,  while  tliuse  which  contain  two  lateral 
chains  are  converted  into  acids  containing  two  carboxyl-groups  (di-carl«in 
aeiils),  the  xylenes,  C,H,(Cn,),,  for  example,  into  phthalio  nciil:*, 
C,li,(CO,H),.  With  dilute  nitric  acid,  on  the  other  hand,  nionocarlxm 
adds  are  proliioed,  at  least  in  the  rirst  instance,  the  xylenes,  for  exam- 
ple, yielding  toluic  acids,  C,H,(CH,).C()jll. 

For  oxidation  with  chromic  acid,  40  grains  of  potassium  dichromate  are 
mixed  with  37  grams  of  strong  stilphiirio  acid  diluted  with  2  to  3  vol. 
water  ;  to  this  mixture  10-20  parts  of  the  hydrm'arlxjii  are  ailded,  aud 
the  whole  is  boiled  for  some  time  in  a  Hask  providol  with  a  long  nprlght 
eondvDSing  tnbe,  till  all  the  chromic  aciil  is  reduced  and  the  solution  has 
■oqairetl  a  pure  green  iMiIor.  The  priMliict  is  then  diluted  with  water, 
boiled  with  solution  of  so<lium  carlmnate,  and  the  organic  acid  is  preuip 
pitattwl  from  the  filtrate  by  hydrochloric  acid. 

With  the  prop<irtlon8  above  mentioned  the  reaction  takes  place  aocor4> 
ing  tu  the  equation  : 

Cr,0,K,  -f  4S0,H,  =  (SO,),Or,  +  SO,K,  -\-  4H,0  +  0, , 
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the  thri'C  Atoms  of  oxygen  thus  liberate}  serving  bir  lh«  ozbUUna  ct  Ik* 

hydrfKjnrbon. 

Kor  oxidation  witli   nitrir  arid,  Ihfi  1.>  ^ 
lliri«  days  with  ordinary  nitrir  acid  dil 
Husk  with  a  vt-rtical  condensing  tutie.     '1m  ;<iii<'t. 
at  lh<<  itauie  tiini>,  thu  crude  proluit  i»  Ucnti'd  wrilh 

chloric  add,  wlicrcby  tlu"  nitro-acitta  art?  couvorlod  iii;     _,  _ 

disiiolve  in  tlio  hydroi'liloric  acid. 

(i.    liy  fusing  thn  sntplm-acids  of  th*  ■rntn.it!.: 
gulplio-aromatic  acids,  with  jwtaesiain  fonnali' 

c  n  ^'"» 


hydr\<art<m«,  or  «U 


+     HCO,n     = 


+ 


Totuene-sulphoalo 
i«ci>). 


ii  ^^  "• 


Sulpbobcuxoio  acid. 


so.n,  + 


Toluw  acid. 
rhlhaUc  actA. 


Tlio  nroinatio  acidi  occtir,  either  free  or  combined,  In  maajr  i 
lialsttnia  and  in  the  animal  orgauiiui. 

BenEolc  Acid,  f,H,0,  =  r,n,.CO,H.— ThU  acid,  th.- 
b<'n»yl  .'ilcoliol,  is  ])r(i<lucod  liy  the  fir>it  four  of  the  c  n'  i.il  tn. 
inentioni'il,  and  l>y  boiling  hipjmric  acid  (iK'ninyl-  ' 
of  cows  or  liorseis,  which  contains  tbat  acid,  with  sir' 

cu,(>'ii.c,iiiO).(o,H  +  11,0  =  cH,(Nit,).rn,H  +  c,»,<>.on. 

Benzoyl-glycoclne.  Uljfoclnv.  Beoiotc  m14. 

This  prooess  is  applied   to  the  preparation  of  lieuiole  arid  on  th*  Ufjt 
icato.     Benzoic  acid  is  also   produced   by  the  oxidation  of  a  gmat  vaiMlf 

of  organic   bodies,   as  toluenp,   ram*n*,   iliiiiiiii 
rig.  ITd  aldehyde,  ciuniualu  ociil,  ciuuauivn«,  caxda, 

tin,  etc. 

Benzuio  acid  exists  ready-formad 

lauis  and  guiu-ri  - 

which  rxiiiicti   fi' 

lr»"e  prnwiii;:  ■"  - 

Frmn  this  >'i 

triicted  by  .-M 

harinf,*  ai>lieet  of  liii>aloiis  pa|M'r  i 

hob'S  Ktretched  over  its  nuiuth,  m 

cap  of  Rtotit  paper.     A  more  prt«l 

to  boil  the  |Hiwdori.<d  U'liuilu  will. 
wat"-r.  and  decompose  the  filtered  and  c»iicenlrat>^  •.■: 
IH-Mxonte  Willi  liydnielilotie  acid.     The  bnosoic  acid  tliiui  ; 

Ih*   ptirrftefl    by  silbli.'.-'t 

Ri-nioir  neid  i"  >■  '■ot  ao'iuir 

gently  warmed  ;  11  i  '  -  •  K.),  and  ' 

tiire  a  little  aliore  ;   Uiils  at  i'M'-' I",  (•l''^-' K.).     It    ' 
parts  of  cold  and  2.1  parts  of  iHiiliiip  wa(>T,  and  wit- 

cohol.     Benioie  Olid  is  nut  afr<'el»tl  I  -.Uiiw 

heat;  but  with y«(«in'/ «iVn>Mri>/ it  i  •.Unm 

bIko  acta  on  Ix'nioic  acid    '  l'..«t»»^«» 

tachJorid4  converts  il    int.  >.    Bad  i^ 

Bolvaa  in  OTillii"'^'  •^"•'■i  .,li,»™ii* 

addition  of  Hi 
n<*<lily    liy   »" 
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C,H,SO,  (p.  903).  By  nascent  hydrogen  (evolved  by  sodinm  amslgam) 
jt  '  ■  '"  ■  reduced  to  iH'iiziiic  sldebydi*  and  beniylic  aU'ohol,  and  is  partly 
y  addition  uf  livdrogi-n,  into  liy  d  rnlnMizoi  v  acid,  l',H|„U,, 
•  acid  vbich  forms  a  crystalline  calviurn  salt,  Ca(C,ll,0,),,  and, 
M  lalliztwl  either  in  tlie  fre«  state  or  in  the  form  of  calcium  salt, 

i^  y  <aiuvcrte<l  liy  oxidation  into  benzoic  acid  ;    its  ethylic  ether, 

(.■,llj.«  -jUjU,,  has  tho  odor  of  elhyl  valerate. 

.All  the  bi:nioates  are  more  or  It-ss  soluble:  they  are  easily  formed, 
either  dire<:tly  or  by  double  decomposition.  The  henzoaleM  of  iht  ulkalin 
and  of  nmiH'miit  are  very  soluble,  and  somewhat  difficult  to  crystalli/.e. — 
(ii/(iu»i  litii2(Hitc  forms  jrroups  of  small  ivlorless  needles,  which  require  20 
parts  of  cold  water  for  solution  ;  the  Iniriam  salt  ili.ssolve«  with  difficulty  in 
the  oold.  SoalTti\  Irrrichrii2u(ite  is  a  soluble  compound  ;  but  the  basic  salt 
obtained  by  neutralizing  as  nearly  as  possible  with  ammonia  a  solution  of 
ferric  oxide,  and  then  adding  ammouium  bvnzoate,  is  (|Uite  insoluble.  Iron 
is  sometimes  thus  neparated  from  other  metals  in  i|uautitative  analysis. 
Neutral  and  basic  laid  benzoalt  are  frmdy  soluble  in  the  cold.  Silctr  brn- 
tixxlr  crystallizes  in  thin  transparent  plates,  which  blacken  on  exposure  to 
light. 

I-  .1  ,,....  )«>nzoate  is  resolved  by  dry  distillation  into  calcium  carbonate 
n  ••,    or    benzophcnone,    C,,H,jO,    the    ketone   of    benzoic   acid 

(I  _       I  ^  COjCa  4- (.•'Kt-jHs),.    On  the  other  hand,  benzoic  acid,  dis- 

tilie  i  with  excess  of  lime,  U  resolved  into  carbon  dioxide  and  benxene : 
C,H,0,  =  CO,+  C.U,. 

Bensoio  Chloride,  or  Bensoyl  Chloride,  C,HjOCl,  is  prepari'd  by 
the  action  of  pliosphorus  pentachloriile  on  licuzoio  acid.  It  is  a  colorless 
liquid  of  disagreeable  pungent  i«lor  ;  sp.  gr.  l.lOti ;  boiling  point,  19'.)°  C. 
{.^90.3-'  F.J.  The  vajKir  is  iuUammable,  and  burns  with  a  greenish  llame. 
B(9n('>yl  chloride  is  decomposed,  slowly  by  cold  and  quickly  by  boiling 
water,  into  benzoic  and  hydrochloric  acids  ;  with  an  alkaline  hydroxide, 
a  benxnate  an<l  chloride  of  the  alkali-metal  are  pruiuced. 

liriiati/t  ri/aniiff,  C,H,.CO.CN,  obtained  by  distilling  the  chloride  with 
potaasium  cvanide,  crvstallize^  in  largo  plates,  melts  at  310  C.  (87.80  P.), 
•nd  boils  at  2ui;o_2<isO  c.  (402.SO-10ti.4-  F.).  By  boiling  with  alkalies, 
it  1»  rwolvol  into  K'nzoic  and  hydrocyanic  acids. 

Bensoic  Oxide,  or  Anhydride,  C„H,gO,  or  (C,n,0),0,  is  obtained  by 
the  action  of  Inmzoyl  chloride  on  potassium  benzoate: 

C,HiO((tK)     -f     (;,H,0C1     =     KC'l     -f     (C,Ht,0),0. 

Benzoyl  chloride  acta  in  like  manner  on  acetate  or  valerate  of  sodium, 
forming  ac«"t«-ben»oic  or  valero-benzoic  oxide,  cither  of  which  splits  up  on 
distillation  into  acetic  or  valeric  oxide  and  lienioic  oxide  ;  f.  g., 

C^Wfid    +     C4U,0(0Na)     =     NaCl     +     (C,HjO)(C,H,0)0, 
and 

2(C,BjO)(CjH,0)0    =    (C,H,n),0  +    (Cin,0),0. 

Benzo-mnanthylic,  benzostearic,  b«-nzo-angelic,  benzo-cuminic  oxide,  and 
S'  '    r*.  have  boon  obtained  by  similar  processes. 

-ide  crvstallizes  in  nblique  rhombic  prisms,  melting  at  42P  0. 

(1  '    ''■  •  lling  undnwmiHwed  at  3100  c.  (fiBOO  p.).      It  melta 

ii'  lining  fluid  for  a  long  time,  but   is  ultimately  con- 

V-  ■!,  and  disfiolvi-s;  caustic  alkalies  elTect  the  conver- 

■  I  njre  rapidly.    With  ammonia  it  forma  ammonium  benzoate  and 


t^H,0)/)    + 


C,H40(NH.)0    +     CiHtP.NH^. 
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;i>  *-B  uu    uj 


iiich  expttxla  wImim  baftlaL 
•  gTit,  tad  iontm  fuuaaiam  W«- 


?_  ft.nuiil  br  tliM  A^lit^n 


BBn«rL  DlOXTDS,  or  rESOZi: 
this  oormpoun<l  bjr  bruigi»e  !>• 
oxido  under  water;  th>- 
la.r{;e  shining  crrsUU  " 
BoilcKl  with  potanb-soluUiiu,  n 
lOAte. 

Tbiobensoio  Add.  C.Hj.CO.SH.  Ton. 
ride  on  :iloi)iiilic  p<.>tassiuiu  salptiidc,  U 
¥.),  snd  distils  with  a<iu«ous  vA|iur.     1> 
(4«9.40  F.)- 

Bcniojrl  monosnlphide,  (('.IT.nv 
zoyl  chloride  on  thiotienzoic  kcid,  ci 
melting  »t  4*3  C.  {IIS.40  P.).  »ud    ; 
diiulphide.    (C,!!/)),?,,    producv-l    !•>•  <av 
when  it«  ethereal  solution  ig  exposed  to  tbi 
uiidUug  St  13SO  C.  Ci^i-l.-^  F.)- 

[tilhinl'rnznic  itrul,  r,Hj,rS.Sll,  is  foriniKl  by  tmilin, 
CCl,  with  oil  alouliuliu  lolutiuu  of  potassium  sulphi-i-.  . 

QHs-CCl,    +    2K^    —    3KC1    +    C,U,.CS  J5K . 

The  tree  add  is  reiy  unstable :  ita  lead  salt  crjraullij<a  fron  caHos  Md> 
phide  in  rod  needles. 


Beazamldo,  C,K,NO  =  C,Il,.00.7ni4,  u  formed  (shnflorly  to  1 
p.  77(i)  X)y  the  action  of  a<jiii>ous  ammonia  on  bcnioyi  chloritla  or  ((^ 
benxoat«i  also  by  oxidizing  hipputiu  *viJ  wilti  liuui  oxide: 

C,H,NO,    4.     0,    =    C,H,NO    +    SCO,    +     n/». 


Beniamide   crrstallizf^   in   naor«oua   I' 
water,  easilr  nolnble  in  Inilinj^  w't^rr,  alt- 
12!iO  G.  (2570  F.).  """l  voUtilixos    nn.l, , . 
C.  (f.46.80  and  5640  F.).     Its  r.s.M 
those  of  aoetsmide.     Heat4<d  with  I" 
louitril  and  benzoic  acid  : 


'--irljr  liMolubU  te 
i  andethor:  UMtt 

I.  ainsOirls 


Benzamlile. 

C,U..NO     4- 
BenisBilile. 


(C,H,0)0      = 
Benzoic  oxide. 

C,  11,001 
Be-nzolo 
oblorldo. 


r,uy     4-     2r.r!.o 

utuultrlL  Bciituk  scU, 

C-jH»N    4-    c,n,o,    4-     Ui-t  . 
BaaioBtUlL      Beoiota 
sold. 


Heated  with   fnming  hydrochlnrin   arid,  it  form*  h' 
roide,  C\1I,N0.HC1,  which  Bi<]isra(<^ on  omliUK  in  !•■ 
Itti  ni|iie<>ui<  Holntion  digdolreH  irienturic  oxiile,  foruiiii^r 
»mid«,  (,lI,.CO.NHg.     By  distillation  with  PClj  or  P^,  U  la  i 

intii   l..iir.-.i.ilril. 

/'  "/<',  C,U,.C/).NU(C,H,),  Is  formed  by  the  actioa  of  , 

on  !••  ;   ride. 


KFIWTITrTkD    BIKtOIC   ACrtD. 

Tlie  sHinn  nf  chlorine  and   * 
mo»t  ]isrl.  nnir  to 'uiono-<<iibNt 
to   thi'    mota-«orie4  (l'\  or  Br  mi'i   < 
with  tiilrle  acid  (ililut.vl  with  3  i>ar^ 
prcNluoed,  tognlhtft  with   small   iiuai - 
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poniirls.  Thrae  ami  all  llio  other  monu-lialogen-  aud  niono-nitro-deriva- 
tirts  uf  benxoio  acid  ma;  also  bu  formud  b;  oxidaliou  uf  the  corres|jouding 
deriratiTea  of  toluunu  ;  t.  g., 

C.H.Br.CH,    -f    0,     =    C.II,Br.CO,U    +     H,0  ; 

till*  inctA-  and  parti-<.«inixiiiii(ls  by  chroniir  acid,  the  orthn-coinpnandi  hy 
dilutif  nitric  avid  ;  these  la^t  (>oii]potinda  are  attacked  with  difficult/  hy 
chtomif  acid,  and  then  c«tnj)lt'tel.v  brok«n  up. 

TliM  hsInKpn-derivntivt-g  of  beiixoic  acid  may  also  b<>  fomiod  from  tlie 
corn-fipijndiiig  amidolM-uioic  acids,  by  snlMtitutioii  of  CI,  etc.,  for  Nil,, 
throu;;li  tlic  mclium  of  the  diazu-eomponnda  ;  an<l  the  monoohluriiie-  and 
monobrcpiiiiiu'-derivatives  liv  trvatiug  tlie  c<5rr«ip<>ndiug  oxy-acidn,  C,Hj 
(OH).f'0,Il  with  PCI,  or  PBr,,  and  douomposiug  tho  resulting  chloride  or 
bromldu  with  water  ;  «.  g.. 


C,H.(OH).C0.OU     +     PCI, 
and  C.H.Cl.CO.Cl    + 


=      C,H,C1.C0.CI    4-     PC1,0    +     H,0  , 
UOH     =     C,H,C1.C0.0H     -f     nC!  . 


The  oKho-derivativea  of  beuzoiu  ^vid  fuse  at  lower  tempernturea  than 
the  enrri'nimiiding  meta-  and  para-<l<>rirativeit.  They  are  niwlerately 
(oluble  in  water,  and  form  e.'utily  wliibic  barium  salts,  by  means  of  which 
they  may  be  8ei>ar.ited  from  tlie  lueto-  and  para-derivatives. 

Monoohloro benzoic  Acids, C,U,C10,. — The  orfAo-«>mpoQnd,C,.CO,H. 
Cl.M,  {Clilumiilicglu' (Kill) ,  prepared  by  treating  salicylic  aciid  (o-oxyl>euioio 
acid)  with  I'Clj,  and  deixMuiioiiing  the  resulting  chloride  with  boiling 
water,  cryslallijes  in  c»jlurli-*s  iicedli?9,  mcltH  at  137'^  C.  (27^.liO  F.),  also 
under  b<iiliiig  water,  mid  is  more  soluble  in  water  than  the  meta-  and 
p-tra-cimiiMiuiids. 

The  Mir/ii-mmponnd,  C|,.r<)jH.H.Cl.Ilj,  is  formed  by  oxidation  of  mrta- 
chloroioluene ;  by  heating  U<uzoio  acid  with  hydrochlorie  acid  aud  man- 
ganose  dioxiile  or  iM>tassiuiu  chlorate,  or  with  solution  of  blenching  powder 
or  with  untimouiu  chloriile  ;  iilwi  by  dec<im(>o»ition  of  clilorohippurie  acid  ; 
and  fniin  (1:4)  eliloroiiitrolx'nzene  by  means  of  potassium  cyanide.  It 
cryntallixes  in  colorless  needles,  melting  without  decomposition  at  152<3 
C.  (:Ut5.(JO  K.),  very  slightly  wiluble  in  iKiiliiig  water. 

The /«ra-oompound,  l',.C(l,ll.ll.li.('l.ll,  ((. hlormlrnn/licitriif),  formed  by 
oxidation  of  (I  :  4)  uhlorotoluene,  sublimes  in  colorless  scales,  which  melt 
•t  8360-2370  C.  (45«.bO_458.flO  p.). 

Dlehlorobensolo  Acids,  C,H,Cl,.CO,H.— Two  modificotions  (ont  of 
iix)  are  known,  vn.  (•)  \  :  .i  :  4  (C<>,H  in  1),  forine<l  from  benzoic  acid, 
and  from  (1  :  3)  or  (1  :  4)  chlorolienzoio  acid  by  boiling  with  solution  of 
bleaching  (Hiwder,  or  by  heating  with  antimonic  chloride:  also  liy  oxida- 
tion of  (1:3:4)  dichlorotoluene  with  chromic  acid.  Colorless  nee<lles, 
melting  at  2(120  C.  (39.1.UO  p.),  slightly  soluble  in  water.  (B)  (1:2:  3), 
priMluusd,  like  the  «-acid,  from  (1  :  2)  chlorobenzoic  acid,  ond  together 
with  the  a-neid,  by  treating  benzoic  acid  with  HCI  and  CIO,K,  or  with 
tolntion  of  bleaching  powder.  The  two  acids  may  be  separatetl  by  meanH 
of  their  Uirinm  nalts,  the  8-salt  being  the  more  soluble  of  the  two.  The 
fl-acid  forms  slender,  shining  needles,  melts  at  l.'idO  C.  (302O  P.),  Iioils  at 
301OC.  (573.8^  P.),  dissolveii  in  about  1200  pnrLi  of  water  at  HOC. 
(61. SO  p.),  more  cosily  in  lioiling  water. 

-.roiV   onrf.  C,H,Cl,.CO,n,   formed    by   oxidation   of   trlchloro- 
1.  :  talliiea    in    small    needles   melting   at   J«30  C.  (325,40  p.), 

nearly  iiih.c.lul>lo   in   cold   water.     An    isomeric   acid,  formed    by   heating 
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dinitro-paramidobenioic  acid  with  fuiiiin 
C.  ('.197.4^  F.)t  imd  sublimes  withoat  d. 


Tie  aebl,  mrju  at ! 


Monobromobenzolc  Add,  C^IIjBr.CQin  (1  :  S),  bom  ortho-b 

loluciio  witli  nitric  acid,  or  fn>m  o-muid^t' - "  '-  V      "• 

perliromide   with    UUr,  suliliiues   in   W' 

{■2i)D.ijP^2i>».-iP  P.).      lU    b.iriiuii-HaU   i> 

or    ordiimry   hrttmottrnzuic    iu:itJ^  from    nj»' 

bunxoiu  noid  with  l>roniiiu>  »ud  wiit«'r  to  1 . 

lituos  ia  ueudles,  and  iavll«  ut  l.SSOC.  (311^  F.>.      (1  ;  -1 

toluene,  U  ovarlv  initulublu  in  water,  erytUdliuta  in  n»'<: 

25 lo  C.  (483. 80  v.). 

Di,  tri-,  and  p«nta-hromobeiixoio  liclrlj   are  formed   by  beaUn^c  • 

acid  with  liromino  to  autcc.  (3920  F.)  and  aK .•■■■....    r. 

rnruis  Mia.->ll  m-oillcs  mfltins  at  2290-Jo(lO  c.  ( 

and  (.:,lIIlr,<J,  midt  Iwtwwn  234C  and  i}50  C.  (.  i     .-      ..        .... 


i 


Mono-iodobenzolc  Acids,  C,H,I.C'\H,  \tp  ohx\\niui  hy  oxkUikaiff 
ioilotiilueMus  with  nitrio  acid,  or  (roTU  till'  -nidntMrnMi* ttUt 

bjr  drconiposins  th«  diaio-oompounds  wr  I ; 

(1  :  :i)  form  n*.iodU«,  molting  at  157  (  .  1:114.1;-.'  K.)  ;  eoorMtBl  I; 
fusion  with  imtaab  into  unliRvlic  acid. 

(1  ;  3)  subliinos  in  nwdh-V.  ■■■■<•■■■■■  M  1870  0,  (3«P.eo  P.);  tomtUtt 
bjr  fusion  with  pota.sh  intoo.vv  id. 

(1  :  4)  3ubliin<>9  in  Bcjih'a,  in  ut  2(}7Q  C.  (512.tP  |'.),eii«n(tt< 

by  fuxion  with  potash  into  i>ara-ox;y)>un<oic  acid, 

Ftunbeiaoic  acid,  C,H,F.C0,I1,  p^ollUL^ed  by  treating  dluo^ucdilaVaMif 
•oid  with  hrdroliuorio  acid,  orjrstkllUtM  iu  rbuuibie  prlaau  audtiag  at  XMfi 
C.  (3.'i9.i;o  F.). 

MoDonitTob«nBOlc  Adds,  C,H,(NO,).CO,n — Wlien 
treated   witli    filming    nilrii'   nxid,  or   letter,  with    a  niixtim  of 
parto)  and  Btrnng  suljdinrlr  aiiil  (3  jmrts)  to  1   part  of  bMUnto  aiU, 
chief  proilnct  obtainiil  is  ruetaniti'ul>t>nx<iiu  arid,  tt<!  ortbr>-«ninp'<<iail 
fonninl  in  smaller,  and  lhi>  parn-  U\  vcrr  small  qnantitv — the  nuuv 
warmed  till  it  mxltK,  and  thv  liquid  ma4s  poartoi  olf  from  lliv  imliil 
8iuiu  Hul|diat(<.     The  three  nitro-o^'idn  am  separatiNl  \>y  t)t»  ilifliMiiat 
bilitic8  of  their  h.\riiiui-Balta — that  of  the  orthivaeld  twimr  vtry 
that  of  the  meta-aciil   rather   sparingly,  ami   that 
Hiightly    soluble.       Cinnnmic    acid    yields    by    nilr 

C,11,(N'(),)0„  ortho-  and  fxxru,  from  whieli    " • 

acids  may  b«  obtained  by  oxiilation.      IU\  U 

nitnt-hippurio  .vtid,  convertible  into  mel::  I. 

(1  :  2)   Nitrot>f>nioie  aeidcrystallixei  inntM'dlts  or  1::  r..- 
parts  of  water  at  ICiO  f.  (01. 70  K.),  mellinK  at  14'     '      <  ' 
3)  Nitrobenioic  acid  rryiitallii<-«   In   niH<ille«  or  Ian 
parld  of  water  at  1(1. S'J  C.  f  lil.7c  K.),  HUbllmra  In  ^^ 
1420  C.  (2«7.«0  K.).      (1       ">    -  •  i.' arid,  fortn.-l  ,.• 


by  BilnUiMt 


tvish  lominie,  t<'i  > 


of  poranitrotoliiene,  cry 

ble  In  water,  malting  at  '^-,    -  .  .  (,,. 

Dlnitrobenxolo   Aolda,  r.n.i'NTi  1.  rn  tt Oriiif.tiiimi.-ni.iin 

treate<.l  with  a  mixture  of  niti  II 

Iwnxoie  aoidn  f«,  f,  and  y).  r: 
their   barium  . 
that  of  6  mod. 


i 


AMIDOBENZOIO    ACIDB. 


Hodooed  hy  oxidation  of  (1  :  2  :  4}  diuitrotolueno  (melting  point  70.  SO 
J.,  158.90  F.)  with  chromio  acid.  A  (uurtb  acid,  i,  is  obtained  by  the 
ictiun  of  nitric  and  Hulphuric  acid  on  mota-uitroUmzoic  acid. — a  (1:2: 
I),*  ColorUas  prisms,  mfilting  at  177"^  C.  (350.60  1?.)^  moderately  »<itu- 
lia  in  Iiot,  sparingly  in  colil  water.  3.  (1:2:4)  Long  rhombic  platoa 
*•  prisma  meltuig  at  179°  c.  (354.2©  p.).  y.  (1:2:6)  Sleudcr,  white 
dtsd  neetUes,  melting  at  202O  C.  (395. tiO  F.),  resolved  at  a  higher  tem- 
ier»tar«  into  (1  :  3)  dinitrobenzuuu  and  CU,.  t.  (1:3:5)  C'rystullixui 
root  water  in  large  squaru  plates  ;  from  alcohol  in  priBma. 

By  reduction  with  tin  and  HCl,  the  «-  and  J-foutiH»uuds  yield  tlio  oorre- 
ponding  diamidubenzoic  acids,  whereas  B  nud  y  yield  no  diamido-acids, 
ml  (1  :  3)  dianiid.ilRMizeiie  and  CO,. 

Xitro-ckloro-  and  ^itro-bromobatzoic  acidt  are  obtained  by  nitration  of 
hloro-  and  bromo-lKinzoic  aoiiU.  (1  :  3)  bromobenzoio  acid  yields  two 
dtrometabmmobenxoio  acids,— one  melting  at  248°  0.  (478. 4^'  F.),  the 
ther  at  1410  f.  (285. fO  J.'.).  In  liotJi  <.r  them  the  NOj-group  is  In  the 
rtho-poBition  (2  or  G)  with  reapeot  to  the  CU,U,  and  both  yield  by  reduo- 
ioo  (1  :  2)  amidobuuzoic  acid. 

Amldobenmolc  Adds,  C,H,(NH^).CO,H.— The  three  modiflcatinns 
re  iiirmeJ  \>y  rf<lucti(in  "f  the  three  nitr<ili«*ii/,<iic  acids,  liest  by  genllu 
leating  with  tin  and  hyilrochlorio  acid.  At  the  end  of  the  renctiun  the 
iruduut  is  ililntod  with  water,  precipitated  with  c]cci>s8  of  sodium  carlMin- 
tc,  and  the  o<>noentrat<<d  liltrate  is  nciiltilatcl  with  acetic  acid.  Tho 
nho-comiK>Hnd  is  also  produced  by  boiling  indigo  (1  part)  for  several 
.■y»  with  sinla-lye  of  specillc  gravity  1.38  (10  piirts),  gradually  adding 
luivorixed  manganese  dioxide,  and  renewing  the  water  as  it  evaporates, 
111  Iho  C(dnr  of  the  mass  has  U'lvirai"  light  yellow.  The  pro<lnrt  in  tlu-n 
iU)to]ve<l  in  water,  the  solution  its  nentrnlized  witli  sulphuric  aciil,  liltered, 
nd  eraporateil  to  dryness;  the  residue  is  exhausted  with  ah-xhol ;  and 
ho  salt  which  remains  after  evaixjrattun  of  thu  alcohol  is  diiisolvetl  in  hot 
rater  and  decom[)osed  with  acetic  acid. 

The  thre«!  amidobenzoic  acids  react  like  glyoocino  (amidaootio  acid), 
nd  yield  well-t^haracterized  salts,  both  witli  uietallic  oxidi'S  and  with 
ciJa.  When  heattrd  aljove  their  melting  points  they  are  re8olve<l  into 
niline  and  carbon  diosiile. 

Orthtt-  {AniliTdnilie  iirij). — Thin  colorless  prisms  or  lamina",  sparingly 
olable  in  cold  water,  easily  in  hot  water  and  in  alt-ohol ;  melts  at  1440  C. 
S81.2P  K.).  Melii-.  Smoll  odorless  needles,  uniteil  in  n<«lnlar  groups  ; 
■ally  soluble  in  hot,  sparingly  in  eold  wjiter,  melts  at  173O-1740  C. 
343.4Q-.345.20  p.).  fhnt-  {ninidmlrnrijlic  aritl).  I/>ng  slender  shining 
>««dleH,  easily  soluble  in  water,  melting  at  18b'O-1870  C-  (36C.80-3tj8.(JO 

Ifitro-amidobenioio    acids,    CjHi(NO,)<^^,j  . 

1.  Nilro-orOiamidnbmtaie  and  is  known  in  two  modifications,  viz. : 


C,.CO,H.NH,.H.H.NO,.H 

c  (1:2:6) 


C,.CO„n.NH..H.n.H.NO, 

■  ft  (1  :J:e) 


rhich  «r<»  produced  from  the  corresponding  nltrosalicylic  acids  by  lioaling 
heir  dicthvlic  ethers  with  alcV)hiilic  ammonia,  and  decompnsitig  the  re- 
nlting  nitVamidolx.nzamides,  r,ll,{NO,)(NII,).rO.NH„  with  Imiling  ba- 
'yta-wttt«r.  IVith  aciils  crystallize  in  long  newlles,  the  a-acid  melting  at 
noo  C.  (51SO  P.),  the  e-aoid  at  2050  C.  (401°  F.). 

•  CO,H  in  I. 
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2.  NUro-wmlamitlahm  nic  add  u  knuim  in  thrao  inn<tm«iHnn>,  *tt.  *—  • 


TV,„ 


It  > 

C,.CU,U.NO,,H.H.NH,.H 


1  s        « 

a 

lis 

C;.CO,H.N0,.NU,.H, 

y 

Thpy  «rc  obtained   by  boiling  llic  Ihrw   dioitro-nruniflobrnxaio 
902)  with  walitr.     All   tlircu  rryxtalliie  in  yelluw  nvwllca  ;  a  aju 
in^ly  soluble  in  hot  w»tur,  y  oaaiJ/  soluble. 


3.   yitro-/tar'. 
dinitro-par»-ii 
una  uumouia  l» 


acid  (1  :  3  :  4  I 
'lie  acid,  or  by  I 
'3  C.(2MC»-3:JS^  i-. 


iir   iiiiic    iiDiir 


sinnll   di<«|>-y)!lli>w   ne<.Hlles,  slightly  soluble  iii   liuiliBir  m»U!T,  nwUlae  ll 

aW'^  c.  (:>4;».2o  k.)-  "  j 

Dinitrn-immmidobmxoie   acid,   C,n,(NOj,<^"'jj  ,  or   tXrj 


produced  by  licnting  diiiitrn-aiiiiiic  nr  >liMitr<>-«lhy){>arsnxyhaiacite  Mdf* 
with  oquuoua  otuiuuuia,  the  group  OC'il,  or  0<.',il,  beiuc  thna  nttttmi  kf. 
Nil,:—  I    .  o  »-  5J 

C,II,(NO.),<[!(^J-    +     NH       =    CH,.OH     +     C,H,(J(O0.<f^ 

It  crystallizps  in  shining  golden-yellow  needles,  mi'lts  st  C.'9C  (■,  (4MJ^ 

F.)  ami  guhlimes  ;    is  m-arly  inHolublo  in  cold  w.i^  triy  wUMr 

in  boiling  wad-r  and  in  alcohol.     It  in  a  strong  tuuij  i, 

Oinitro-ortlioamidiJifnzoir  arid,  ol>taiiied  in  likvuiaiin'  r  Imm  iltollro-*!)^ 
salicvlii:  acid,  crysitallizct)  from  alcidiKl,  in  wlii<b  it  ts  »llghlly  aululJai  !■ 
goldun-yvlluw  sualnii,  mvltiug  at  'liiiif^  C  (-tf^.b^'  K.). 


■<^«".<f^?;"'' 


aul  tU 


Acety  l-mctamidobenxoic    »eid,    t,n,NO,  i 

is  formH  by  digesting  (I  :  3)  aniiclolK-nznic  acid  wii 
IGiio  ('.  (i'HjO  K.),  or  lino  inrtauiiiiuU'niuate  with  u 

(r,H,.Nn,.CO,),Zn  +  2C,H,0a  =  ZnCl,  +  2C,n,(NH.t,H,0)rO,B^ 

It  forms  white  mirrosiX)pic  orystaU,  Inif'      ' 

slichtlv  HolnblK  ill  boiling'  watvr,  cai^ilv 

2:«)0  (■'.  (•13K.SCL44(jo  JM        .  .:.     .   ai  ;;,.,.    ,  .  ,„  ,,  ,, 

basic   acid,  fnrmiiiK   ea^il  -".ilts  wuli  ihi-  the 

and  alkaline   Karilis ;  sp;ii......    .   lutilc   saltii  with   !  r, 

By  iNiiling  with  dilnte  salphurio  a«i«t,  Hia  rcaolvod  tnu>  acnUc  bmI 
Ix'nxoic  acids  : 

r,n,No,    +    n,o    »    cii.o,    +    c,ii,no, 

A  rpty  I  -par  am  i  dobr>n  itoio    aold     ■  >-••■,    , 

obtainod  hy  oxiiliiiiig  aot'loparnlnliiidn,  i  it.'.  |»' 

sinm    iH'nnanganat<'.       It    crystallije"    in    '■■■-.    .,.-,..     bmIiiIjIp 

water,  mnro  r^adilr  in  aloohol,  and  mi-ltiog  with  tieoumpmlttiiB  al 
25(PC.  (4!*i^  ¥.).' 

Hipptirlo    or    BaniamldaootiA    AvId,    r,ILNO,   ^ 

utt  r«  n  /\ 
f  ll|^,'.(^  J,|j   '     {linnntil  y/vror/iK'), — Tlii«  arid,  uii'tafnerir  wllk 

Just  diwcrilN-d,  !•  furmrd  by  the  ai-tion  of  Ix^nioyl  chlortdr  i-n  (li-  i 
of  amidaretic  »eld  (glyooclne): 

{cn,.Nn,.ro,)^n  +  2c,n»on  =  znn,  +  2cn,fT(ii  ■ 
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!tion  being  analngnus  to  the  second  of  those  mbove  given  for  the 
mnution  of  ocutamiiiubeuzoio  scid. 

Uippurio  acid  oocun,  often  in  large  qunntitJHS,  in  the  nrine  of  horses, 
ouws,  and  other  herbivorout  animalti  ;  in  aiiialli<r  (|UBntit>'  aUo  in  human 
Brine.  It  may  he  prepared  b.v  boiling  freoh  uoirs'  or  horses'  urine  with 
milk  of  lime,  and  precipitating  the  coneeotrated  filtrate  with  hydroohlorio 
•cid.  for  purification  tlie  crude  acid  i»  washed  with  chlorino-water  ;  or 
its  aolution  in  dilute  suda-l/e  is  l>oiled  with  Bodium  liypochlurite  till  it 
boaom>.«  (vilorles!!,  and  the  Holutiuu,  after  cooling,  is  precipitated  with 
hydr^whlorio  acid. 

Oippario  acid  cryatalliies  tn  rhombio  prisms,  which  have  a  slightly 
bitter  lAste  and  aciii  reaction,  melt  on  the  application  of  heat,  and  retjuire 
for  solution  alwul  liUO  parts  of  cold  water  ;  it  also  dissolves  in  hot  alcohol. 
At*  high  temperature  it  decomposes,  yielding  beuxoic  acid,  anuunni urn 
btauoat«,  and  bouxonilril,  with  a  coaly  residue.  U<iiling  hydroehlorio 
acid  oourerts  it  into  betuoio  acid  and  glycoviue  (nmidacetic  acid): 

CH,(.\U.C,HjO).CO,H  +  UOU  =  C;,UjO.OU  +  CU,(.\H,).CO,H  ; 

Ju9t  as  aoptamidobenxoio  acid  is  resolved  into  avetiv  and  amidoliensoio 
acid*. 

Hippuric  acid  \»  monobasic,  the  formula  of  the  hippurates  of  monntomiu 
toetais  l>eiug  C|H,M.VO,.  Most  metallic  oxides  dissolve  readily  in  hippurie 
acid.  The  bippur.ttes  of  potassium,  sodium,  and  ammonium  are  very 
koinble,  and  dilficnlt  to  crystallize  ;  their  solutions  form  a  oream-colored 
precipitate  with  ferric  salts,  and  white  onrdy  precipitates  with  silver 
nitrate  and  mercurons  nitrite.  A  characteristic  reaction  of  the  hippu- 
ratos  is,  that  they  give  off  ammonia  when  fused  with  excess  of  potash  or 
lime,  and  yield  tx<u<eno  by  distillation.  Mineral  aci<ls  dcHximpose  them, 
•eparating  the  Uippurio  aoid. 

Hippuric  acid,  treated  with  nitrous  aoid,  gives  otf  nitrogen,  and  is  con- 
verted into  benxogly ool  1  io  acid,  0,11,04,  .tn  acid  ifuitaining  the 
elsmttuttfof  benioio  and  glyoolUo  (oxy  acetic)  acids,  minus  one  molecule 
of  water  :— 

C,H,NO,      +      UNO,      =      C,H,04      -f      H,0      +      N,  ; 

and  bensoglyoollic  acid,  when  boiled  with  water,  splits  up  into  benzoic 
tad  glycollio  acids  : 


C,H,0.      -f-      H,0 


C.H.O,      +      CjH.O, 


If,  Itl  the  preparation  of  hip-uric  acid,  the  urine  be  in  the  slightest  de- 
gree piitriit,  tile  liippiirio  acid  is  all  deslroyeil  during  the  eva|>orntion, 
unmnnia  is  discugageil  in  large  quantity,  and  the  liquid  is  then  found  to 
yield  nothing  but  benzole  a<.Md,  not  a  trace  of  which  can  be  discovered  in 
the  unalterol  secretion.  When  benzoic  aoid  is  taken  internally,  it  is  re- 
jected from  the  system  in  the  state  of  hippuric  acid,  which  is  then  found 
in  the  urine. 

Hippuric  n<.'id  dissolves  so  abundantly  in  an  aqueous  solntinn  of  sodium 
phosphate,  that  this  solution  loses  its  alkaline  reaction  and  iH-comes  acid. 
ThUi  roAotion  may  explain  the  acid  character  of  the  recent  urine  of  m.iu 
Mill  bairbivorous  animals. 

nratnldobcnzoic  acid,  C,n,N,0,  =  CO<^[|'^»'^«*'^"''",  is  formed 

bjr  mixing  the  wild  solutions  of  equivalent  quantities  of  hydrochloride  of 
tseUunidobenznio  acid  and  potassium  cyanate  : 

C,H,N0,.HC1    +    CiNOK    =    KCl     +     C,H,N,0,; 
76 
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■Ibo  by  fusing  urea  with  metamidobeuzoic  acid  :  C,n,NO,  -I 
C,11,N,0,.     It  crystalliies  in  small  needlm,  containiug  1 
soluble  in  hot  water  and  in  aluohol.     When  heated  to  ^n.> 
It    ia     risitolved     into     H,0     and     oxy  beuxoy  1-u  rea, 

NE.C.H,.CO 
CO^  I    •     By  boiling  with  cauatio  potash,   it   la 

NH ' 

amidubeiixoic  acid,  carbon  dioxide,  and  ammonia. 

UramidoWnxoic  a«:id,  treated  with  a  mixture  of  nitrio  and  snlphi 
acid,  yields   three    iiuimeric   dinitro-urouiidobenzoic    acidc,   which,  wk< 
boiled  with  water,  are  uonverted  into  three  nitro-amidobeuxoic  acidd,  >,  i,  f 
(p.  »(K)). 

Para-uramidobcnxoio  acid,  formed  as  above  from  poramidobo* 
xoic  acid,  crysUillizea  iu  white  shining  elungatwl  lamiuas,  but  sliglitlyioli- 
ble  in  water  even  at  the  boiling  hent.  Hy  nitration  it  yiel<ls  >inlv  oiw 
dinitro-paramidobenzoic  ai^id,  convertible  into  one  nitiu-paramidulieiuoio 
aoid. 

Oiamidobenzoic  acid,  C,H,(NHJ,.CO,H. — The  six  poBsibl«  modif- 
cations  of  this  acid  have  all  been  obtained,  viz.  (00,11  iu  1): 

1:2:3,     1:2:4,     1:2:5,     1:2:6,     1:3:4,     1:3:5. 

The  acids  1:2:3  ami  1:3:4  are  formed  from  6  an<l  y  iiitro-metamidolw*- 
loic  acid  (p.  90tl),  and  yield  by  diutillation  orlhn-<iianuiioU'n<enc. 

The  aeids  1  :  2  :  U,  1:2:4,  and  1:3:5  are  formed  by  reduction  of  tka 
three  diiiitrobenzoio  acids  (pp.  S98,  899),  and  are  converted,  by  elUiunJ- 
tion  of  COf,  into  uiutadieuuidolienzene. 

The  acid  1  :  2  :  5  (or  1  :  3  :  (i)  is  formed  from  s-nitro-metamidohonzoio  uM 
and  from  the  corresponding  dinitrobeuaoio  acid,  and  is  couvertibl*  iiU* 
parHdlamidolK-nzenc. 

lieuce  it  appears  that  (1  :  4)  diamidobcnzeno  is  prndurible  from  only  IM 
dianii<lobt-nzoiu  acid:  (1  : 3)  dinniidobrnzene  from  ihrr.f.;  anil  (I  :  :2)iliaini- 
dobenzenu  from  tum  diamidobenzoio  acids.  ThLi  result  afTonls  a  fnrUicr 
oonfimiation  of  the  structure  of  the  three  diamidol>enzene!t  (pp.  813,  ti37)i 

A  Irinmidohenzoic  acid,  C,.CO,H.NH,.H.NH,.NH,.H,  is  fonned  by  rwlnfr 
tion  of  (1  :  2  :  4  :  S)  dinitramidobcnzoic  aciii.  It  crystallizes  in  shininf 
needles  containing  ^U,0,  and  is  resolved  by  distillation  into  CO,  and  tri- 
amidobenzeni!. 

Azobenzolc  Aolds. — The  action  of  sndinm-amalcam  on  the  moiHni- 
trobcnzoic  acids  (ur  rather  on  their  sixliuiu-salts)  giviM  rise  (as  in  tbeclM 
of  nitrobenzene,  p.  851)  to  aio-,  azoxy-,  and  hydrazobenzoic  acids: 


Azoxjrbcoiolo. 


II 

AzotiCQiolc. 


HyilrMobcuzoio. 


Metazohenznio  aci  d,  C|,H,„N,.0  -f  |ri,0  (CO.H  and  N  in  th«  r«l»- 
tive  ixwitions  1,  3),  is  prccipitcd  by  liydrochlurio  acid  from  thr'snlutiionif 
its  sodium  salt,  as  n  yi-jlow  amorphous  powder,  very  slightly  soluble  in 
wat<'r,  alcohol,  and  ether  ;  deoomjiosiHi  by  distillation.  It  is  bibasic,  ziiil 
forms  crystalline  yellow  salts  and  ethers.  Puraxobemoie  soid  is  a  fltsh- 
colored  uinorphoiifl  ptiwder. 

Azoxybeuiolo    acid,    C„II,„N,Oj   (1:.1),   is   formed   by  boiling 
alwhnlic  solution  of  nietanitrolH'nzoic  acid  with  milid  potash,  and  is 
cipitated  by  hydroohloriu  acid  in  yellowish  crystalline  flocka. — Bill 
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Bydraxobenxoio  aoid,  C„H„N,04,  is  formed  by  adding  feiroas 
SiUphato  to  a  boiling  solution  of  aiobunzoic  aoid  iu  caustic  anda-lye,  and  ii 
pr>?cipitat«d  by  hydrool»loric  aoid  in  yellowisli  flucka,  very  slightly  soluble 
In  hot  alcohol.  Its  salts  in  aqueous  solution  absorb  oxygen  from  the  air, 
whereby  they  are  converted  into  azotwuaoates.  By  boiling  with  hydro- 
chloric acid  it  is  converted  into  an  isunieric  acid  derivable  from  dipheuyl, 
jmt  as  hydrazobeniena  is  converted  into  beniidiue  (p.  852): 

is  converted  into 


0.H 


I 

C  IT  <^^^^ 


.".<?A' 


,NH, 


The  last-mentioned  aoid  is  resolved  by  distillation  into  CO,  and  benzidine. 

Dlaao-derivatlves  of  Benzoic  Acid. — These  compoamls  are  formed 
from  the  auiidoheuzuic  acids  in  the  same  manner  as  the  diazobenzenc-com- 
poundd  from  the  amidobeuzeuus. 

Diazobenzoio  Nitrate,  t'(H,<^..,^., '      ',  is  formed  by  the  action 

ti  nitrous  acid  on  a  solution  of  meluuiiilulienzoic  acid  iti  nitric  acid.  It  is 
sparingly  soluble  in  cold  water,  and  separates  therefrom  iu  colorless  prisms, 
which  explode  violently  when  heated.  I'otash  added  to  the  aqueous  solu- 
tion throws  down  a  yelluw,  very  unstalile  mii!>s,  probably  conmsling  of  free 

diazobeiizoic    acid  I  C,H,.^r,- ' .,  „,,  f  I  .       The  nitrate  boiled  with  water 

Jidda  meta-oxylx'iuoic  acid.  Hromiiic-water  added  to  the  nijueoua  solu- 
tion throws  down  the  per  bromide,  CjHjNjrijHr,,  as  an  oil  which  solidl- 
Smi  in  yellow  prisms,  and  is  resolved  by  heating  with  alcohol  into  nitrogen, 
Iromine,  and  metabromobeuzoic  tusiil. 

DIaxo-araidobenzoic    aoid,    C,4H„NjO<    = 
*-4"»'\iY)  H  •    's  precipitated,  on  passing  nitrons  acid 

into  the  alcoholic  solution  of  metamidobenzoio  acid,  as  an  orange-red  crys- 
talline i>owder,  nearly  insoluble  iu  water,  alct)hol,  and  ether.  It  is  a  weak 
liibsaio  acid,  and  its  salts  in  aqueous  solution  are  very  unstable.  The 
acid,  hfaieti  with  haloid  acids,  yields  the  corresponding  halogen-deriva- 
tives of  Ix-nzoio  acid. 

Diazo-  and  dinzo-aniiilo-cmiiponnds  of  exactly  similar  character  arc  ob- 
Xaintid  &om  ortho-  and  para-iuni<lubenzoic  acid. 

Snipbobenzoic  Acids,  C.H«<I^o'h  •  —  "^'«"  ''P"""  °'  sulphnrio 
anhydride  is  pas-ted  over  dry  benzoic  acid,  and  the  product  is  treat«l  with 
■»at»»r,  or  when  lienzoie  acid  is  heated  for  a  considerable  time  with  fuming 
«alpburio  acid,  the  chief  product  formed  is  i«f/o-Hulphobenzoic  aciil,  the 
para-acid  being  also  pr"duoe<I  in  small  quantity.  The  latter  is  obtained  in 
the  pore  state  by  oxidation  of  para-toluenesulphnnia  acid  (p.  StiO),  or 
ttara-snlphorinnamic  acid,  with  cliromio  acid  mixture. 

The  weta-acid  is  a  colorless,  orvatallino,  very  deliquescent,  strongly  acid 
mass,  oonverte<l  by  distillation  wilh  PClj  into  meta-chlorobenzoyl  chloride. 
It  is  a  very  stable  loba-dc  acid  :  its  neutral  barium  salt  is  very  soluble. 
The  /mrri-acid,  C,fl,6(\,  crystallizes  in  nou-ileliquescent  needles,  melting 
•bove  2tX'0  C.  (3!120  F.),  and  decomposing  even  at  a  lower  temperature. 
Iu  neutral  barinm  salt,  C,H,S<)jBa-^  2H,0,  crystallizes  in  small,  ramified, 
Msily  soluble  needles. 
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Chloro-  and  B  romo-sulphobenxoio  acids  arc  obtainod  Vf  I 
action  of  fuming  sulpliuric  acid  on  the  corresponding  derivatives  of  hea' 
acid,  and  by  oxidation  of  cliloro-  and  bromo-toluen«-sulphunlc  aciiii. 

VimUphabauoic  luiii,  C,H.{CO,Il)(S<)jH)p  is  formal   l.y  h.-atiug  b«a 
acid  with  fuming  gulpliuric  acid  and  phospliurio  anhydride  to  26l»-  C.  (4?! 
F.)-     iJeliquMOfnt  aoiouUr  primus.    Tribasic.    By  distillation  with  pola. 
sium  cyanide,  it  yields  a  difyanide,  m.  p.  1590  C.  (3la.20  p.),  oonrFrtibk.- 
into  iBoi>)itlialic  aoid.     An  inumerio  disulpho-aoid  is  formed  by  oxiiUlioo 
of  toluonediaulphonic  acid. 


Tolulo  Aolds,  C,H,0,.— Of  these  amds  there  mre  two  metansm 

inodilioatiou»,  viz. 


Tolulo  or  methyl-Deozoio. 


AljihA-toluio  or 
phcnyl-ACetlo. 


the  flrat  admitting  of  the  three  isomorio  modifications,  a-,  n-,  p-.  Thsil 
three  tohiic  fti'ids  are  forraiMl  liy  oxidation  of  the  corresponding  dimrtlivl- 
bentenes  (xylenes)  with  nitric  acid  diluted  with  3  votuui(4  of  water ;  aUo 
from  the  corresjionding  cyanotoluenes,  C,H,(CN).CH,,  by  the  aotion  of 
aleoholic  potash,  or  of  strong  hydrochloric  acid.  By  oxidation  aitli 
chromic  acid  mixture,  or  potassium  permanganate,  they  are  oourortvil  into 
the  corresponding  phthalic  acids,  C,I1,(00,11),. 

Orthotoluic  acid  crystallizes  in  long  slender  needles  melting  it 
102.DO  C.  (21S.b^  F.)  ;  is  moderately  soluble  in  hot  water,  and  iaVit 
easily  with  aqueous  vapor.  By  oxidation  with  permanganate  it  yirlii* 
phthalic  acid,  whereas  chromic  acid  mixture  oxidizes  it  completely  to  car- 
bonic avid.  Its  ealeium  tati,  (C,U,0,),Ca  ■\-  2H,0,  and  barium  wit, 
(C|II,0,),Ba,  form  slender  needles  easily  solable  in  water. 

Metatoluic  acid  is  best  obtaine<l  from  cyanololuene,  or  by  the  action 
of  sodium-amalgam  on  broiuametatoluic  acid.  It  is  more  soluble  in  walar 
than  its  two  isomerides,  and  crystallizes  from  hot  water  in  slender  ncedl<«, 
melting  at  10!KX.iioo  c.  (228.2Q-23(I0  F.) ;  distils  easily  with  aqumttt 
vapor,  ('hromic  acid  mixture  oxidizes  it  readily  so  isophtfaalio  acid.  Ili 
calcium  mlt,  (<',H,0,)Ca  +  311,0,  crystallizes  from  alcohol  in  needlm,  i 
soluble  in  water. 

Brontomrluloluic  acid,  C,n,BrO„  is  formed    by  heating   nitropara-1 
tolnene  with  alcoholic  potassium  cyanide  to  2'20O  C.  (4280  F.},  and  i«|> 
fying  the  product  with  potash. 

Paratolnic  acid,  obtained  by  oxidation   of   (1  :  4)  xylene,  or 
eymene,  with  dilute  nitric  acid,  crystallizes  in  ni»e<ile«  melting  at  1T!*JC1|J 
(352.40  F.).     Its  calcium  salt,  (C,H,0,),Ca -f  2H,0,  forms  needles  ea»a 
soluble  in  water.     Chromic  acid  mixture  oxidizes  it  to  terephtlialio  acid.' 

Alpka-loluic  or  Phen yl-acHie  acid,  C,n..Cn,.tX)  H,   is  fon 
by  boiling  benzyl  cyanide,  C,Ilj.CU,.CN,  with  alkali<4  ;   by  heating  mis 
delic   aiid,  C,H4.CH(0II).C(),I1,  with   hydrlodic   acid;  by  l>oiling  vulp' 
acid,  C„H„Oj  (p.  918),  with  baryta;  and  as  an  ethylic  ether,  by  hrati* 
a  mixture  of  bromobenzene  and  ethyl  chloraoetate  with  s<Nlium  : 

C,n,Br  +  CH,Cl.CO,C,Uj  +  Na,  =  NaBr  +  NaCl  +  C,Hj.CH,.CO,C;n»j 
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ixes  from  boiling  water  in  broad  thii]  lamina;,  vrry  much  like 
acid;  amtillg  like  liorse-iweat  ;  melU  at  7(J.5^  C.  (lt)7.i*o  ¥■),  and 
ImiU  mt  2610-26^0  C.  (501.8Q-5U3.(iO  y.).  By  diatillaUon  with  PCI,  it 
yields  the  chloride  C(Hj.CU,.COCl,  which  pasaes  over  aa  a  oolorlcaa  heavy 
lipoid.     By  oxidation  with  chromic  acid  mixture  it  yields  benioic  acid. 

Ac  Id  a,  C,II,gO,.  —  Of  the  8ix  possible  dimethyl-carbouio  acids, 
C,ll,(CU^,.CO,U,  three  are  known,  viz.  : 

CO,H  CO,H  CO,H 

CH,  C'Hj 

Meailjrienle.  Xrlla,  Faraxylio. 

Mesitylenio  »eid  (1:3:  5),  formed  by  oxidising  mraitylene  with 
dilat«  nitric  acid,  cryHtallisea  from  aU-ohui  in  large  prisma,  fmm  water  in 
DMsdleS  ;  melts  at  l(i()"0  C.  (330.SO  p.),  ami  sublimes  without  decompo- 
•itiuu.  Distilled  with  excess  of  lime  It  yields  isoxylene,  Uy  tiitriu  acid 
il  is  farther  oxidized  to  trimesio  and  uvitic  acids.  Its  i<irii(i«-<«//,(t',H,0,),Ba, 
dissolves  easily  in  water,  and  forma  large  shining  prisms.  The  ttliylic 
*Ur,  C,U,0,.C,H„  solidifies  at  OO,  and  boils  at  241^  C.  (4U5.80  F.}. 

Xylio  acid  (1  :  2  :  4),  and  paraxylio  add  (1  :  3  :  4),  are  formed, 
together  with  bibasicxylidic  acid,  Cjllj(CH3).(CO,II)„  by  oxidisiiiig  pMniiilo- 
nimene  (p.  819)  with  dilute  nitric  acid  at  the  Iwiling  heat.  At  the  eud 
of  the  reaction  a  crystalline  maiis  separates,  and  on  reptatnlly  boiling 
this  mass  with  water,  xylic  and  paraxylio  acids  pass  over,  while  xylidio 
arid  and  nitro-acids  remain  behind.  The  xylio  and  paraxylio  acids  are 
separated  by  the  different  solulnlity  of  their  calcium  salts,  the  xrlate 
being  the  more  sololile  of  the  two.  Both  acids  crystallize  in  prisms, 
xylio  acid  melting  at  12(jOC.(2.')fi.80  F.),  paraxylio  acid  at  1633  c.  (325.40 
F.).  Xylio  acid  is  more  soluble  iu  water  than  paraxylio  acid.  Both  acids 
dissolve  easily  in  alcohol. 

Alphaxylic  acid,  C,H,(Cnj).rir,.CO,H,  Is  obtained  by  boiling 
rylyl  chloride  with  potassium  cyanide  (whereby  xylyl  cyanide,  C,H,CN, 
is  prodnoed),  and  then  with  ]>«tash.  It  crystallizes  in  brood  needles, 
hiving  a  satiny  lustre,  easily  soluble  in  water,  ami  boiling  at  420  C. 
(lUT.tJO  p.). 

Ethyl-bensoio  add,  C,H,(C,Hj).CO,H  (1  :  4),  obtained  by  oxida- 
tion of  para-diethylbensiene  with  nitric  acid,  and  from  bromethylbcniene 
by  the  action  of  Na  and  CO,,  crystallizes  from  liot  water  iu  slvmler  lamina) 
melting  at  \W^  C.  (231IOF.),  and  easily  subliming.  Byoxidatiou  it  yields 
tcrvphthalic  acid. 

By  drocinnamic,  Pheny  Iprop  ioni  o  ,  or  Homotolnio  acid, 
C,Hj.CH,.Cll,.CO,U,  is  formed  l>v  the  action  of  sodium-amalgam,  or  of 
T«ry  strong  hydriixlio  acid  at  KKiO,  on  ciniiaraioacid,  t'.Hs.CUZTCll.COjH, 
also  by  heating  chh)rethyl-benzene,  CjHj.CHj.CHjCl  (p.  S27).  with  p<itas- 
siam  cyanide,  and  boiling  the  resulting  nitrilwith  ]>ata.<ih.  It  crystallizes 
in  slender  needles,  easily  soluble  in  hot  water  and  in  alnohol,  melts  at  47° 
C.  (IIS.OOF.).  and  distils  without  decomposition  at  28lio  C.  (63tJOF.). 
Br  oxidation  it  yields  bt-nzoio  acid.  Heated  to  1600  0.  (320°  F.)  with 
brrimine,  it  is  reconverted  into  cinuamio  acid  :  C,H,«0,  -If  Br,  =  2UBr  -f- 


I 


6^ 
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Ili/dro-atropic  add,  (\U|.CH^\^|*r|  ,  (oTtand   hy  Ui«   acUoB  of 
■»iir«ni  on  ktropic  koid,  U  a  thick  uiljr  UqaU. 


Aoida,  <■   "  "  — rmryllc  «clil.  "■  "  "x  ■   '"  "   'r-^n 
dizilig  durvii'                       ),,  with   ililutc  .^tm  to 

prisms  mcltii.-  -  (.'.  (3U20  K.),  m:  ,,jj^ 

cumidic  auid. 

Camio  acid,  C,Ht(C,H,).CO,U  (1  :  4),  Ir  ohuined   by  coddaUMl 
comiuol  or  oumio  aJdehjrdo,  C„U„0,  or  by  baallo^  UUa  mid«4mfa 
olooliolic  potash  : 


Cumlaol. 


KOH 


c„n„Ko,    + 

PotaHsium 
eumstc. 


c,.n„o 

•ieoboL 


It  crrstallixps  in  ntovlU-s  and  laminip,  dii-' '   •"  .-  n-  ;•■  i-   •  «al«raftll 
alcohol,  u>vlt»  at   113C  C.  (235.40  F.).  ',{iHPf.}r 

By  ditilill.ition  with  lime  it  .vields  cnnw  ,         ,<  ^  .  xulatloavltt 

chromic  acid  it  is  ouuvBrt«<d  into  terephlhalic  aciii. 

Alpliacjrmlc  acid,  C„H„0„  probably  C,H,(rH  ),.CH,CX>^  bftONi 

by  the  action  of  caustic  alkalies  on  cymyl  cyanide,  CjjUu.CM. 


HoHATomc  Aoisi,  C,H^_„0,. 

Thn  nc^liifi  of  thie  8t<ri««  arp  nnaatarated  componnds,  rvUtMi  |«  I 
acid  ami  its  honinlngues,  in  thu  same  mannor  as  th«s«  of  th*  hgrylio  I 

to  till-  fntty  aoiils. 

Cinnamle   Add,  C,n,0,  —  C.HfCHzrcn.CO^   {I 

nciif). — This  acid  is  pr'xlur^d  synthetically:    1.  By  heating  baa 
hydo  in  close  vwsbi-U  with  acetyl  chloride : 

C,H,0    +    CjH.OCI    =    HCl    4-    C.»H.O, , 

,   J  S.  By  heating  the  same  aldehyde  with  aoi>Ue  anhy^rUa  an 

l-itoUte: 

2c,n,o  4-   c,H,o,   =   2c,n,o,  +    h/». 

Th»  mode  of  action  in  this  casp  In  noi  w.n    iindi!ntnu<t,  but  tl>» 
of  the  sodium  acclnln  Hfipnara  to  !•• 

3.  Ry  trfslini;  !•"('»<■•><><■>  t*<'nioiit'  ■  Telhldetie,  C,H,CI  (jauJ— ^ 
by  the  action  of  carUmyl  ohloridt'  oii  at»(lic  aldehyda): 

cH.o  +  coci,  »   nci  4-   CO,  +  Cjiija 

and 

r,H,n   +    r.n^n.K  «   kh   +   c,ii,o,. 

4.  By  the  atttion  of  sodium  and  oarbon  dioxids  on  ownobrmo-daM' 
mens : 

c:;H,.cH=cnBr  +  co,  +  Na,  —  Nainr  +  c,n,cnr::ca.< 

fi.  rinnamln  aiTld  is  also  produced  by  oxidation  of  eimmano^oO  ( 
mlo  aldohrd",  C,l!,0)  in  nir  or  oivt-i-n.   mul  't\ttt  r^vlr  (aniuil 
IhiT  Willi   U'limlc  sciil,  and  wrtalt 
and  Tola  balsams— -the  prvxlaou  of 
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twiiig  doulilIeSB  formed  by  oxidation  of  cinn.vl  alcohol  or  atyrone,  C,lI,oO 
(p.  "X'').  likewise  contsiDwl  tlieriiio.  It  is  easily  jin-pared  by  mixing  pul- 
T-i  <  lialsain  with  an  e({ual  weight  of  sUked  lime,  filtering  hut,  and 

d'  the  calcium  ciiinauiate,  which  oryatalliiuH  out  uu  i'ot>ling,  with 

li<.  acid.     The  luother-liquid  contains  calcium  bentoate. 

'  icid  crystallizes  from  hot  water  in  slender  needli-s,  from  atco- 

hiul prisms.      It  is  inodorous,  melts  at  1330  C.  (271. 40  P.),  and 

dittlls  almost  without  dcvom^iosition  at  2i)tl<3  (.'.  (;'iri4-  F.).  It  is  much  less 
(oluhle  in  water  than  benzoic  acid,  but  dissolves  easily  in  alcohol.  It  is 
oxidized  by  nitric  acid  to  bunzoio  acid  and  benzoic  aldehyde  :  by  chromio 
acid  chielly  to  benzoic  acid.  By  fusiou  with  excess  of  potash  it  is  resolved 
Into  benzoic  and  acetic  acids  : 

c,u,o,   +   2u,o   =   c,n,o,  4-   c,h.o,   +    h,, 

the  decomposition  being  precisely  analogous  to  that  of  an  acid  of  the 
aorylio  Bnries  into  two  acids  of  the  fatty  series  (p.  715).  By  distillation 
with  lime  or  baryta,  and  partly  also  when  distilled  alone,  it  is  retwlved 
Into  carbon  dioxide  and  cinnamene,  C.U,  (p.  821). 

The  luetnllic  oinnamates,  C,U,MO,  ((or  munatomic  metals),  are  very  much 
like  the  IxMiioates. 

Ethjil  Cimiatnale,  C,H,0,.C,H5,  obtained  by  passing  gaseous  hydrogen 
ehloride  into  a  solution  of  cinnamic  acid  in  absolute  alcohol,  is  a  liquid 
boilinu;  at  2670  C.  (512.«0). 

Hrmtil  Cmnamale  or  Cinnnmrin,  C,n,0,.C,n„  is  contained  in  Pern  and 
Totu  bHl8.ims,  in  small  qnantity  also  in  storax,  and  may  be  formed  artill- 
cially  by  heating  soiinm  oinnamate  with  benzyl  chloride.  It  crystallizes 
in  shining  prisms  melting  at  39°  C.  (102.2°  F.),  distilling  without  decom- 
position only  under  reduced  j)ressurc. 

Cinnt/I  Cinnaiaale  or  .Stymct'n,  C,II,0,.C,H|,  ooours,  together  with  cinna- 
mene, in  liquid  storax  (which  exudes  from  Sti/rax  calumita,  a  shrub  grow- 
ing In  Greece  and  .\sia  Minor),  and  may  be  obtained  therefrom  by  ilistil- 
liuf(  the  balsam  to  expel  the  cinnamene,  then  boiling  it  with  aqueous 
■odium  carbonate  to  remove  free  cinnamio  acid,  and  kneading  the  spongy 
residue  between  the  fingers.  The  styracin  then  runs  out  as  an  oily  liquid, 
and  way  be  obtained  in  tufts  of  prisms  by  crystallization  from  alcohol. 
By  distillation  with  potash  it  is  resolved  into  cinnyl  or  styryl  alcohol, 
C^u*^-  ""l  ciunamiu  avid. 

AMi(inn-i>mduclii  of  Cinnamie  Add. — This  acid,  like  other  nnsatnrated 
oampoiiuds,  CAn  take  up  II,,  HBr,  CIOH,  etc. ;  thus  it  is  converted  by  so- 
dium-amalgam into  hydrociunamic  acid,  C,lI,gU,  (p.  905). 

Cinnamio  Di  bromide.  C,H,Br,0,  =  C,H5.CHBr.CHBr.C0,n,  formed 
bjr  the  action  of  bromine  vapor  on  cinnamic  or  on  hydrorinnainic  a(iid, 
crystallizes  from  alcohol  in  rhombic  laminse,  melting,  with  decomposition, 
at  sK..iit  11150  c.  (3830  F.).  By  boiljng  with  water  it  is  resolved  into 
ro"  iinamene  and    pb  eny  Ibromolactio    acid,    C,Uj.CIIUr. 

Cli  II. 

i  .11-  i.i~i  mentioned  acid  is  also  formed  by  direct  addition  of  BrHO  to 
oinnamic  acid,  and  ph  eny  1-ch  lorolactl  c  acid  in  like  manner  by 
addition  of  CIOH.  Both  these  acids  are  converted,  by  heating  with  alco- 
holic potash,  into  ph  eny  loxyaorylio  or  oxyoinnamic  acid, 
C,H,.C1I  Tf'(OH).CO,H,  which  separati^  from  its  salts  as  an  oil,  solidifying 
In  sliiuUig  laminie,  and  decomixned  by  heat. 

S»b$titulion-protiue1g. — Cinnamic  dibmmide  heated  with  alcoholic  potasU 
/Wilts  two  isomeric   nionobromoo  inusmic   acids,   viz.: 

C,Hj.CH=CBr.C<\H  C,H5.CBrr;CH,C0,H 
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llotti  ari' 
foruis  dfli'ii.  . 


The  B-sr' 
I  eadily  ;  < 

-Uij.      •    UOll 


loruis  dfliii- Jls.     •  unii  - 

Terl«<i  Viy  siidiuni-stuttlgMin  into  hydnw 
hy  diatlllatiou,  or  by  tivatiug  witli  Uy4< 


A;  4$  U  coot «rUd  Iota t 


Two  oitrochinaiuiu  acida    {arlho-  ami  /mrn-)  u»  fi^mml  by  tUtrl 
nitration,  and  may  l>c ooparated  by  the  diflt-reut  loiliiiiilni.i  ..f  !i...i..ri..  _ 
Htliprs   in   cold   alcohol,   thu  p-omipoand    being    i 
twMjHiiionnd  mt-lu  at  23iO  c.   (+4!».liO  F.),  th.- 
(.'iO'JO  P.).     Both  are  uonrerUid  by  chromic  acid  iuto  iiiu  mm 
iiitrobuiuuic  avidB. 


■t"*^"*   j 


The  follonring  homolngnes  of  cinnamio  acid  (whioh  r-anivnilMi*  W  i»- 
scribod)  uri'  fornitxi  liy  tixalin^  Ix-ninlc  ,ind  «uK  (h*  »■ 

diuni  salt  of  a  ratty   acid,   ('oH,.)),,  an<l    li  -    aikl^««toii^ 

(•-',Hj„_,0),0,  f.(i.,  phcnylcrolonio  acid  fri  '•y<l*t 

prn|ii(iiiato,  and  prupjoiiic  nnhvilridi- — tlieiu  ^viaccsi 

JUiologoua  to  that  of  ciuuaiuio  acid  flxiiu  ^U,)  >  uiM  <,ri,'>j  (pu  MS): 


C'tlUll*! 


Aeiit  fma  Ciml,-  iXiM|^ 


Acid*  /tvm  Benzoic  iltehifSt. 
Phenylcrj)lonic  ....     CijHijO, 
InophtMiylcrotonic    .     .     .     C,5H,j(J,    Cuuumi  . 
Phcnyl-angvlio  ....     C„li„0,  i  CumcoyJ-aii|;«^lic 

hn  Isophpnylcrotonio  a«td  it  fumii.«1  by  the  action  of  anoclnk  aBhy 
•nil  lodium  succinate  on  hciuoio  aldehyde : 

C.H.O,    +    C,H,0    =    CO,    +    C,^„0,  , 

BodiuTn-atoalgam  converts  these  anida  into  aoida  of  Um  serial  C,ll 
c.  j.,  faydrocumouyloarylio,  C|,Q|,0,.* 


C,H.- 


Atroplc  'ind  Isatioplo  Aolda,  isomeric  with    einnamia  •d4, 
foriuiHl  »iiniiltan<x>uiily  truoi  tropic  acid  (p.  D30),  by  tiuititig  «ltk 
Water  or  liyilrochiorio  ocid  :  C,H„0,  —  ll,(>  ^  <^ll,'),. 

Atropio    aeid,  the  chief  prmluct  i 
tallixui  Imw  hot  wntrr  in  moiiuclinic  pl.i 
moiling  at  10t;..')O  c.  (:irt.70  V.).     It  in  ...vmix.  (   . 
to   Wnxotc  acid  ;    C'lnviTtcil   by  )ii»liiuu-diiinl);aiu 
(p.  aOti);  and  ris<i|v.-d  by  fii«iii"  ""li    1...1...I1  n.i,. 
CU^COjH,  and  formic  acid,  n  ■ 

b«n«oio  and  acetic  acids;  h 

oinnamie  acid  in  the  aam«  uuuuitir  aii  luMtluuir/Liu  lo  soiid 
(p.  71<): 

CH,— CHT  OH— CO,n 
i'rotoBlc 


*'iT-ni— m,B 
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Isatrnpic  acid,  probably  a  polymeric  m<xlifieation,  is  the  oliief  pro- 
ct  obtaiiitKl  by  beatiiig  tropic  acid  willi  Iiyilmchlorio  aoid  t«  \4VO  C. 
0284-^  F.)-  It  fomiH  thin  laminic,  very  slightly  soluhle  in  water,  melts  at 
'UMP  C.  (392^  v.);  does  not  unite  with  nascent  hydrogen. 


Aclda,  C,Hta_„0,:— 

Pheny  l-prnpiolic  acid,  CgH,0,  =  C,Hj — (THC — CO,H,  is  formed  : 
I.  By  boiling  ■-bromovinnamio  aeid  with  alroholiu  potash.  2.  By  the 
action  of  Na  and  CO,  on  a-broniociuuaiuene,  C'jHj — C,HjCH~CHBr.  3. 
By  lh»  action  of  CO,  on   sodium-aouteuyl benzene   (p.  822)  dissolved   in 

C.Hj— C^CNa    +    CO,    =    C,Hj— C=C— CO.Na. 

It  prystnlliies  (Votn  liot  wat<T  in  long  shining  ncM-dl™  ;  dikUs  and  sublimes 
at  13U<J-1370  C.  (27t>.8Q-27S.<;0  p.);  melts  under  water  at  80O  C.  (ITliO 
y.).  It  is  oxidiied  by  chromio  acid  mixture  to  Itemoic  acid  ;  converted 
liy  sndi  urn-amalgam  into  hydroeinnamic  acid;  resolved  by  heating  with 
water  to  12(P  C.  (2480  F.)  into  CO,  and  phenyl-acetvleue,  C-U.-C-CU 
(p.  S22). 

Homologous  with  phenyl-propiolic  ncid  are  the  following  acids  formed 
from  cinnamic  ald^hyile,  C,ll,0,  by  the  action  of  the  aiihydridea  and 
■odiain  salta  of  fatty  acids,  viz.  : — 


Cinnaraenyl-aorylio  acid 
Cinoamenyl-crolonio  acid 
Cinnamenyl-augeltc  ooid 


C„H„0, 

c„u,.o, . 


MOMOBASIO  Ann  SULTOinO  AOIIM. 


(1)  CA^<\,  or  C.H. 


/on 

'tcO.H- 

These  aromatic  oxy-acids,  like  tliu  corresponding  acida  of  the  fatty  series 
(the  lactic  acids),  exhibit  akoholic  as  well  as  acid  rlmracters.  In  contact 
with  carbonates  they  give  up  only  the  liydrogen-atom  of  the  CO,H  group 
in  exchange  for  a  metal  (forming  neutral  salts),  but  when  acted  upon  by 
alroug  free  bases  (caUHtic  nlknties),  they  likewise  exchange  the  bytlrogen 
of  the  hydroxyl-groH[>  (the  alc^bolio  or  phenolic  hydrogen)  for  metals, 
forming  so-called  basic  salts,  e.  <;.,  C,If,(ONa)(CO,Na).  Th>>se,  like  tlio 
metallic  derivatives  of  t)ie  phenols,  are  decomposed  by  carbonic  acid,  and 
oonrerted  into  neutral  salts. 

The  aromatic  oxy-acids  are  formed  from  the  halogen-derivatives  of  lien- 
»oic  acid  and  its  homologues,  and  from  the  Hulpho-acids,  by  fusion  with 
alkalies:  from  the  nmiilo-ilerivativea  of  the  same  acids  by  the  action  of 
nitrons  acid ;  and  from  the  phenols  by  the  action  of  sodium  and  carbon 
dioxide. 

Oxybansolo  Aolds,  C,H,0,  ■■  C,H,(OH).CO,H. 
1.  Oktiio-oxybe.\zoic  or  Salicylic  Acid  (1  :  2)  is  formed  : 
(I)  By  heating  sodium  phenate  In  a  stream  of  carlwn  dioxide,  phenol 
then  distilling  over,  while  disodiiim  salicylate  remaius  behind  : 

2C,HjONa    4-     COj    =     C.H^ONa.CO.Na    +     C,H,OH  . 


& 


i 
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* 


Thi<  roa^tinii  t&kes   pl.i  ;     "  prooeeds  miat  i 

b«twi.<t.-n   1T(«3  ami   If"  ind  coca  «d  la  tlui  i 

way  op  to  3iMIO  C.  (57:;-  ,  .,,  ui  ^^  ■  ■'  Mum  mUcjI 

Vw.gina  lo  (lecoiuiKSe.     This   proc.  -  •aiioo  (4  Mb- 

cyiio  acid  on  the   larRv  sosle.      I'm  i.tr.-irr.r 

carlran  dioxide  is  decomiKSix)  to  III'.'  Dame  ii> 
siatu  salicylatt"   up  to  151/^  C.  (30^0  K.);  bui 

iauiniTic  parsoxybc.iiiosU-  is  likvwii«»   priHluu^U,  ;i  ''* .t'^'P"'^^ 

us  llie  l>-inp<3raturii  rixeJi,  iiiid  brnxiuiiug  the  «ole  j  ^300  C,  (43" 

F.)-  M<inop<jta.-!siuni  salicylat«  »  deoumpoaed  in  Ibf  »>m«  tnABlHB  aftfllP 
(42kO  1'.),  yielding  a  di^itillAta  of  phanol  and  •  reaidoa  of  dlpoUMlm 
paraoxybeuzoate :  ^J 

2(C,n,(OH).CO,K)     =    C,H.(OK).CO,K    +     C,H,OB    +    0(\fl 

and  the  munosodium   salt  undcrgovs  a  similar  dcvoinpositlou,  ftMI^U 
bowevor,  not  para«xyl<vn<()ntv,  but  aalit^ylatv  of  »o<liiiiu.  ^H 

(2)  By  nxidtitiou  of  snlicvlio  altlohyde  or  uf  saIi  ^H 

(3)  By  lUe  actiuu  uf  nitruus  sold  vu  (I  :  i)  ull  liaiU^I 
acid :  H 

c,ti«(Nii,).co,H   +  No.ou   =  c,ii,(oa)XX),a   +    n,  +  i^H 

(4)  By  fusing  (1:2)  ohloro-  or  bromubenjtoio  acid,  or  (1  :  2}  lidM^| 
Bulphonic  ac'id  with  alkalius.  ^^ 

(5)  Togutbur  with  auelio  acid,  by  heating;  couuiaric  sold  viih  polaatiaa 
hydrojudtf :  ^J 

C,H,0,    +    2H,0    =    C,H,0,    4-     C,H/>,    +     H,,     ^H 

Snliuylio  acid  occars  in  th?  frcte  gtatv  In  thv  flowi-r«  uf  mcada^^^^l 
(^Si)inra  ttltnarin),  and  as  a  uielhyiio  i<th<-r  in  oil  of  w inter -)rrp<*n  {t^^^^tt 
prociimlima) ,  from  which  it  mny  1«<  nlilainxd  by  dislillalion  with  pKallL 

Salirylii.-  acid  cryiitallii.--!)   from    ita   alcnholi"   miliiiina    by  ai^u 

evaporation  in  large  mououliuio  prisma.     It  f' 

ooM  water  to  dissolve  it,  but  is  much  uior>' 

,  alouiiid.     Its  a<]UiM)iit!  aolutldii  imparts   a  dt'i ; 

Itmclu  at  15fra-ir,(P  C.  (.■tno_H):i.siO  K.).  , 

U'lDporaluri*,  and  when  hiMlcd  nitli  puiinili- 1  „  ^^^^ 

pletidy  resolred  int>j  carbon  ilioxide  and  plixDol.      i  '>^^^l 

both  its  isnmerid<Aa  by  Ita  bnhat'ior  with  ferric  aali  h^^l 

billty  in  «at«r,  and  iU  lower  midtiu^  point.  Il  is  a  xutf  |uw^rfiillfl 
Beptlo.  ■ 

CO 

Btuic  Barium  %alieylau,  C,U,<[  (,'^Ba+ 211,0,  acparalM  in  ipariact; 

nnlnble  lamiri-*' <.ti  l.,,<iiM<-  --.i;,.,! ,.i  ,.-,.i,    i .  .....    i.,.i    .■      >,^ 

dpnxyliu  tiyd'  M 

is  for(n<Ml  ill  3  -                '    .  ^ 

n>a«ti'iu  affords  auolltur  diiiliuvtioii  brtweno  ■aiic7lia  aoM  mmI  lu  IM^ 
ridM. 

"■  ^ tMm 

of  '  I.    If 

mil. ,    :....,.,,,.  jL 

Sal  icy  I  in  chl  ,  th»  a«Hioo  of  V<\m 

till*  aeid,  is  an  oil  »  : _.  .  .;,  and  is  i». ...-■,!  ■ 

hoi  watnr  into  n-oklorobcuxolu  acid.  J 

8al)oylit>  anhydride  or  Salloyltdo,  r.n,<|^^  ,    i.Tiwdl 

Ut«  action  of  CCIfO  im  salioylic  acid,  cr7iullis«a  In  aliining  naid^^H 


ul  I  MM  parU  «f 

bill  vatcr  a»lil 

■-1  fr»rlc  I 

oi  a  kl 


FABA-OXYBENZOIO    AOID. 


)lres  sparingly  in  water,  and  ia  reoonrerted  hy  alkalies  into  salicylic 
(id. 

Sa  I  ic  y  1  am  id  e  ,  C,H,(OH).CO.NH„  formed  by  hnating  auitnoniam 
tlicylate,  or  by  the  action  or  ummonia  on  salicylic  ethora  forms  sparingly 
^luble  Umine  melting  at  1320  c.  (21)9. (P  v.). 

Salicylic  ethers  are  formed  by  pausing  gaseona  hydrogen  chloride 
\/Ut  tb«  Bolationa  of  salicylic  acid  in  the  corresponding  alcohols.  The 
^mamntkjflic  ethtr,  C,H,(Uli).C(),CU^  is  the  chief  constituent  of  winter- 
fevn  oil.  It  is  a  fragrant  liquid  of  specific  gravity  1.107  at  OO,  boiling 
i  S34P  C  (435. 20  F.).  colored  violet  by  ferric  chloride.  The  moneOiytic 
Ur  boils  at  2210  C.  (42".).tS"  V.). 

Tbe  liiitu-Jhylic  etJuT,  C,U.(()Cll,).CO,ClIj,  an  oil  toiling  at  24(tO  C.  (4ti40 
.),  is  fomi<Hl  by  heating  the  nionouietliylio  ether  with  alcoholic  potash 
Bd  mothyl  oxide :  g 

C,U.(OK).C0,CH,    -f     CII.I     =     KI    +     C.lI,(OCn^.CO,CU, . 

bis  et}i<fr,  saponified  with  potash,  yields  methyl  alcohol  and  me  thy  1- 
ftiicylic  acid,  C,H,(OCHj).CO,H,  which  forms  lar|,'e  tabular  crystals, 
lelting  at  9i^  C.  (208. 4P  F.),  easily  soluble  in  hot  water  and  alcohol,  re- 
al 2tK10  C.  (3920  F.)  into  Co,  and  anisol,  C.Iij.tJCHj. 
Ityt  Milini/late  and  rJhi/lanlicglle  acid  are  formed  in  like  manner ;  the 
lU  at"  19.50  c.  (tiV.lo  F.),  and  is  resolved  at  3U0O  c.  (5720  F.) 
rand  phenetol,  C.Hj.O.C.Hj. 
iticvUc  arid,  C,H,(O.C,H,(»).CO,H,  formed  by  the  action  of  acetyl 
le  on  salicylic  acid,  crystallizes  in  slender  needles. 

Mkt*-oxtbbnsoic  Acid,  C,H,(OH).CO,H  (1  :  3),  ordinary  oxybenxoio 
Mid,  is  formed  by  the  action  of  nitrous  acid  ou  nietamidobenzoic  acid,  and 
fcy  fosing  mctabromo-,  jodo-,  or  sulpho-beuzoio  acid  with  potash.  It  ia 
•iaringly  soluble  in  cold  water  and  alcohol,  e;i.sily  in  the  same  liquids 
Rkem  hot,  and  separates  on  cooling  as  a  crystnlliiie  powder.     It  melts  at 

tC.  (3920  F.),  sublimes  uiidemiiuixwed,  and  is  nltogether  more  stable 
either  of  its  isonierides,  lieiug  resolved  into  Cfi,  and  phenol  only  by 
lation  with  lime.  It  is  not  colored  by  ferric  chloride.  Its  el h^lic  ether j, 
CuH,(0U).CO,C,Hj,  crystallizes  in  plates,  dis.solves  in  hot  water,  melts  at] 
WC.  (161. tP  F.),  and  Iwils  at  280O  C.  (,5'iiSO  ¥.).  The  (lliwthtlir  rlher, 
C;n4{OCH,).COj.CHj,  is  formed  by  heating  the  acid  with  I'Hjl  null  KOII  to 
HOO^  and  converted  by  boiling  with  potash  into  mtlhi/lnxubemoic  ncid, 
C,n,(OCH,).COjH,  which  crystalliies  in  long  needles,  dissolves  easily  in 
hot  water,  melts  at  lUUO,  and  sublimes  nndecomposed. 

Paea-oxtbkxeoio  Acid,  C,Hj(On).CO,H  (1  :  4),  ia  formed,  as  above  men- 

E,  by  heating  potassium  pbcnnte  in  a  strcnin  of  cnrlion  dioxide  ;  also 
(1  :  4)  cliloro-,  bromo-,  io<lo-,  and  8ul[dio-beii7.oic  acid,  and  from 
IS  resins,  by  fusion  with  jjotassinm  hydroxide ;  by  the  action  of 
JiUrorus  acid  on  paramidoltenzoic  ncid  ;  and  by  heating  anisic  (nietliyl- 
paraoxybenioic)  acid  with  strong  bydriodic  ncid:  C,ll5(CH,)Oj -)-  HI  ■=» 
(.'11,1  4-  C,H,0,.  It  is  more  soluble  in  cold  water  than  mclnoxvlM'Uinic  or 
saJIcyltr  acid,  dissolving  in  12t)  parts  of  water  at  ISO  f".  (.WO  F.)  :  from  a 
hot  solution  it  crystallizes  in  small  distinct  monoclinic  prisiti.is,  contniulug 
1  mol.  n,0.  Its  solution  forms,  with  ferric  chloride,  a  yellow  p-ecipltnio 
Insoluble  in  excess,  without  violet  coloration.  In  the  anhydrous  state  it 
bolts  at  210^  C.  (410O  F.),  with  partial  resolution  into  CO,  and   phenol,  i 

Its  basic  barium  salt,  C«H,<^,., ,  ^Ba,  is  insoluble,  and  affords  the  means 

ft  Mparating  paraoxybenzoic  acid  from  the  meta-acid. 
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Monitmrlhiflic  parti"     '  ' 

(62.()'0  K.),  aiifl  l»il- 
C.  (•iU).40F.j,  ami  i -  ...  . 

Mcthyl-piiriwixTlwnzoic  and  Ktliv 
the  same  iiiAiiner  S8  the  ortlio-  and 


ocuU  An>  pMpatal  k 


Mrlhyt-iiaraoi fbtHtoie  or  /initi'c  «<(</,  C,H,{OCllO.CO|H,  k 
also  prodaced  bv  oxidsliuii  of  ani8alil<<liyii(4  mid  anvtW  (p.  9M)— or  Ife 
crude  oils  of  anise,  reniiel,  and  tnrrii;;nii,  wliipli  ountain  •nrttkul— «rttt 
nitric  acid  or  chromic  acid  mixture.  Tlie  auvtUol  la  Bntl  ranvtr 
Aaiaaldehyde : 


C„H,,0    +     0,    =    C,H,0,    + 
Aoetbol.  Anit- 

alilrhyde. 


cn.o. 

UiaUe 
acid. 


+      U/). 


and  the  aldcUydu  is  afterwards  oxidiird  to  anl»ic  acid.     AniaicaeU  bl 
pnxluced  by  oxidatiou  of  melhyl-pnrncriaiol,  (',H,((>Ctt,).OI,. 

Anisic  aciil  cry6tallize»  from  hot  water  in  long  u 
rhombic  prisms  ;  mi-lu  at  18:K>  ('.  (3iil.40  V.):  ouM' 
decomposition  at  2S30  C.  (541 .4^5  K.).  By  hi-ating  ' 
i»  resnlvwl  into  CO,  auil  anisol,  C',Hj.O,l?H,.  11. 
It  yields  parnoxylwuzoio  acid,  lis  salts  ar«  easily  »>iMir.ii'  m  ; 
crystal liie  well. 

With  the  httlogfus  and  with  nitric  acid,  anisii:  acid  rra.!.i>   »i.; 
stituliou-products,  which  are  oouvertwl   by  distillation 
subititutiil   anisols,      By   the   successive  action    of    fun     . 
and    ammonia,    nni.sic   acid    is   converted    tuto     okrjraaol«l«i 
C,U,(NOj),(.NH,).CO,U  (p.  900J. 

Acid*.   C.U,0,  =  C,H,<^*y  . 

1.  Ckhbotic  or  OrrroLoic  Acids,  C,H,(CH^  <^y  ,.  .  —  Tkr«* 

acids  are  formed  by  the  notion  of  Na  and  CO,  on  tbo  Uire*  l*o(ii«ri«  i 
(p.  869)  : 


C,0.(CHOOH    4-    CO, 


C,H,(CH0(OH)(CO^)  . 


Th^r  orrstnUUe  in  needloB,  dissolTp  in  li't 

ferric  chloriiW.     TIip  acid   from  o-oresol 

327. 'JO  P.)  :  that  from  m-irrcsol  at  1140  (  .  ^...,.^-  .  ./  ,   ,,.in   ,rr.,„  j 

at  lf.0O  C.  (3033  F.). 

A  fourth  oxytolnic  acid  is  obtained  fhim  solphiitnlnic  acltl  (tinm  i 
phor-thiocyniene)  \>y  fusion  nrlth  potash  ;  it  melta  at  S03O  C  (997.4^  f<|| 
and  is  not  noloreil  by  ferrlo  chloride.  1 

2.  Maxdklic  or  PuinrTini,TcoLi.ic  Aciv,  C,H,.CH<^~j  ..  ,  ia  latmtd  If 

boilin)^  bitter  almond  oil   for  3(V-38  honrs  with   bydroc/anio  ai  '        ' 

chloric  acids : 


C.Hj.CHO    +    CNH    +     2H,0 

also  hy  he.ttlnr    -■'.■■>:i:-  '■      n-- 

erystalliies  in  , 

tni'lting  at  II' 
lU-nirilci    ariil ;    by    h 
IWith  IIBr  it  yields  / 

the  oorrevponding  chloriiuili'd  avid. 


NH,  +   c,ii,.cnon.a>^; 


PHENYL-LACTIC    ACID. 
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Aotda,  C,n,gO,. 

^LOxTXESiTTLE-xic  AciD,  C,Hj(CHj)j<^.|j  „  ,  formed  by  heating  mcsi- 

PUftraulphonio  acid  with  potash  to  24UQ-i'i30  C.  (4C4O_4820  F.),  crys- 
ailito.'f  from  alcohol  iu  ailky  uewllns,  melts  at  1160  <'.  (348. 80  F.),  and 
nbtum-s  in  long  Itat  nt>e<Uf!i.  It^  solutionti  and  thosi<  of  itji  Balt-i  are 
Hfawl  dark  blue  by  ferric  chloride. 

^E  HTDEOCOUMAaic  or  Mbulotic  AorD,  C,H,<^(^.j,   f,„   ^.q  jj   (1  :  2),  oc- 

nra  in  the  yellow  mellilot,  and  is  formttd  l.y  the  action  of  sodium  f>n  coti- 
narin  (p.  914)  and  eoumario  acid  :  C,ll,0,  (coumarin)  +  H/)  +  11,  ^ 
,H^r>,.  It  crysLillixes  iu  long  needles  melting  at  820  C.  (17fl.(iO  F.)- 
liition  is  colored  bluish   l>y  ferric  cliloridi'.     By  dislillutiou  it  is  oon- 

into  the  auhydriilo,  C,H,U,  s=  t.',ll,<^,.  j.    „«  ,  which  melts  at  Sflo 

(77'-'  ?.)•     By  fusion  with  |)otash,  im-lilolii-  acid  is  resolved  into  acetic 
1  aalicylio  acid,  and  is  therefore  an  ortlio-diderivutive  of  benzene. 


IP 


TDSoPABAOODiiABio  AoiB,  C,H,<^,,    ....   „„  „  (1  :  4),  is  produced 

Ijrthe  action  of  sodium-amalgam  on  pnracoumnric  acid,  and  of  nitrous 
eid  OD  pani-auiiilix'iunaniiu  acid.  It  forms  siiiiiU  nlonoclinil^  crystAls, 
Mily  sululilii  ill  water,  alcohol,  and  ether  ;  melting  at  1250  f.  (iST*^  K.). 
Ijr  fusion  with  potasli  it  yields  para-axyl>euzoiu  acid. 


I 


.OH 


Pblobetic  Acid,  ^t^i'^ciUCH  VfCO  Ht  ^^  '  ^^'  ^  ''o"»e<li  together 
phloroglucin,  liy  heating  pliloretin  with  iiota«li-lye : 


+     »,0     = 


+    c.UA: 


to  bjr  the  action  of  soiliuni  nn<l  CO,  on  phlorol,  C^H,OH  (p.  871).  U 
(Tmtallixes  in  long  prism-i,  eaaily  suhilile  in  hot  water,  melting  at  120O(". 
%U.2P>  v.).  Ferric  chlori^le  colors  iUs  solution  green.  By  heating  with 
nuyta  it  is  rt^solved  into  t'O,  and  phlorol  ;  by  fusion  with  put.a.sh  into 
icetie  and  paroxylienxoic  aciils.  .l/riAyf/zA/orrdr  oruf  is  converttnl  by  oxida- 
ion  into  anisic  acid. 

/-«TT    All 

S.  Taopic  Acid,  C,H,.CH«^,,-,-,|      ,  Hienj/l-hj/draeri/lic  acid,  tonaed  from 

Uopine  by  boiling  with  hydrwhlorio  aeid  or  with  baryta-water,  cryatal- 

laoi  in  slender  prisms  melting   at   117°  ('.  (242.IP  F.).     By  long  boiling 

-"    '  1   vta  it  is  converted  into  atropie  and  iri.nlropio  acids  (p. 633),  which 

;'>n  yield  benzoic  acid,     "^-opio  acid  is  therefore  a  nionoih-rivative 

'■■■yu-LACiic  Acid,  C,Hj.CH,.CH<[f;(^  ^  ,  I'heiiyl-ehlorolactio  acid, 

,H,.CHCI.CH(On)(CO,II),  forijwl  by  nddit/on  of  CIOII  to  einnamic  acid, 
,nj.CH_CH.t/'0.jlI,  and  phenyl-l>r<>miilnctic  ncid,  foniicd  bv  iHiiling  cin- 
amio  dJbromide,  CjHj.CllBr.rHItr.ro,]!,  with  water  (p.  HOT),  are  Ix.lh 
mrertod  by  so<lium  amalgam  into  pli.iiyl-lactie  acid.  This  acid  crystal- 
«•  iu  concentric  groups  of  needles,  very  soluble  in  hot  water,  melting  at 
IP  C.  (201.20  F.).  At  18(K)  C.  iX,r,0  F.)  it  decomposes  into  water  and 
:  acid.      When  quickly  heated  it  yields  cinnaniene  : 

c,Hj.CH,.t;u(OH)(r(i.fi)  =  CO,  4-  h.o  +  rji^.rn-rn, . 

^Jrith   concentrated  lialo'id  acids  it  exchanges  its  hydroxyl-gronp 
elements,  yielding  substitatod   phenyl -propionic  acids,  e.g., 
LrTr,.CHBr.CO,H  (p.  !t«5). 
77 


MONOBASIC    DIATOMIC    ACIDS. 

Tsrotini,  C,H„NO„  probably  C»H.<^||j  ,jjjy  ^^^^  J 

amUlnprnpionic  or  Amida-I:  •    u.-iVj,  13  a  c(aii(iuund  Orirl/  n^- ' 

latitl   to  phlor.itic  or  li>  .    Acid.     U  is  prodacnl,  UigclUtf 

witli  K'UcilU',  ai»i>.irlic  .v i   ^ liin-  aiid  hy  boiling  variuui  ainm! 

Bulwtaiiwa,   as   alliuininoicls,  liuni,  hair,  otc,  with  hydrochloric  i.r 
pliuric  arid,  or  by  fuBiug  thriu  with    potash.     It  Boiuetuai^  occurs  r>  j  iv- 
formed   in  the  liver,  splevn,  niid  {laacreaa  ;  also  in  old  ch«t«e  (njftr). 
ia  betit  prepared  by  jjoiling  born-shavingg  with  2  parts  of  sulphuric  t 
diluted  with  4  parts  of  natur  for  about  20  hoars,  reurwing  the  water  u  it 
evaporates.     Tliu  solution  is  then  saturated  with  milk  of  lime,  and  tlic 
tyrosine  is  preclpitate<l  from  the  eoncvulrate<l  filtrate'  by  a<M.-lic  Kid. 

Tyrosine  is  insoluble  in  other,  sli(;htly  soluble  in  cold  water  and  in  alco- 
hol, dissolves  in  150  |>arts  of  hot  water,  and  crystalliii'S  therefrom  in  »!<«- 
der  needli-a.     It  dissolves  easily  in   hydrochloric  acid,  forming  the  9<U| 
C',U„N<),.11C1,   which    crystallizes   in   neeiiles.     The  aqucius  Milutiun  «fj 
tyrosine  boiled  with  mercuric  nitrate  yields  a  yellowish  precipitate,  wKid 
when   l>oile<l  with  dilute  yellow  nitric  m^id,  bcccim<'s  d.ark   nvi  ;  this  '      _ 
very  delicate  test  for  tyrosine.    With  chlorine  and  bromine  lyrosin*  TicldJ 
chlor-  and  broinanil,  C,C1,0,  and  ("jBr,0, ;  with  nitric  acid  it  yields  siit*- 
■titation-products.      Sulphuric    acid   dissolves    it,  forming   sulpho 
whose  salts  are  colored  violet  by  ferric  chloride. 

Tyrosine  fused  with  potash  is  rwolvod  into  acetic  acid,  ammonia,  i 
para-oxylx-nstiic  acid.     Heated  to  140O  ('.  (2840  F.)  with  hydriodic  aod, 
it  yields  phlorol  (p.  871),  together  with  CO,  and  NU, : 


^V',<1,, 


(NH,)CO,H 


+  2UI^C, 


•"«<C,Uj 


+  CO,  +  NH,  +  I,. 


These  reactions  show  that  tymsino  is  a  para-dorivalive  of  benzene,  i 
taining  the  NU,-group  in  the  lateral  chain. 

Aolds,  C„n„0,. — Two  Isomeric  acids,  thymotic  and  c»r»«»l 
erotic,  are  formed  by  the  action  of  sodium  and  CO,  on  thymol  and  oirrc- 1 
crol  (p.  871): 

c.n,(OH)<^||J'   +   CO,  =  c.n,(oi!)(co,n)<{;«^j . 

Thymotic  acid  forms  long  needles,  very  slightly  soluble  in  cold  wsIit;! 
melts  nt  12(^0.  (24SO  K.),  and  sublimes.  Carvacrotic  aniil  sablimn  ia( 
flat  nit'dles,  melting  at  1340  C.  (273. 70  K.).  Both  are  colored  a  fine  blu*^ 
by  ferric  chloride. 

Phonylpropyl-glyfeolUc    »old,  C,n,<J!»|'^;,y^  ^^  ^  .  fonaoi] 

by  the  action  of  liydnwhloric  and  liydrooyaiiic  acids  on  cuminol,  cry5tjl-j 
lilies  ill  small  iitwllcs,  moderately  soluble  in  cold  water,  very  soluWo  in  J 
alcohol  and  ether,  melting  at  l.^S'j'c.  (3111.40 F.). 


(2)  rusATrHATKn  Acipb.  r„H„_„0,. 
Conmaiic  -ind   Paraconmaiio   Adds,  C, H,0,=s 
'-«"4<^fj  .  the  only  known  acids  of  this  series,  n«T« 

eoinpwilion  of  oxycinnamio  or  oxypheayl-acrylio  acid. 


Paraconmarir   acid  (1  : 4),  pmdnoed  by  boiling  an  a<jn«K)n»  win- 1 
tlon  of  aloes  with  sulphuric  acid,  crystallixes  S'n  colorless,  shinilig,  britlltj 


OXYSALICTLIO    ACID. 


,«aiiljrMlable  in  hot  water  and  in  alcoliol,  melting  at  170Q-180OC. 
[83SP-35eo  P.).  By  nascent  hyJrogpn  it  is  converted  into  hydroparaoou- 
M*^  ■'C><i  'i  ^y  fusion  with  putaitli,  into  jiaroxylwuzoio  aiud. 

Coamaric  acid  (1  :  2)  occurs,  togetlier  witli  melilotic  acid  (p.  930), 
b  tho  yellow  melilot,  and  in  Falium  leaves,  and  ia  most  caaily  prepared 

' — -■-  ■    ■•  n,  ita  anhydride,  by  boiling  with  pt>ta)ili.     It  crystallizi-s  in 

nj;  prisiUis,  easily  soluble  in   hot  water  imd  aleohol,  melling 
-     .  .    -J-j  F.J.     The  solulioiui  of  its  alkali-sulta  exhibit  a  bright 

peen  flaoreseuce.  By  nascent  hydrogen  it  ia  convertj-d  into  melilotio  a4;id ; 
if  faaiou  with  potash  into  iialieylic  and  acetic  aeida. 

Conroarin,    C,H,0„    or    Conmario    anhydride, 

^•Dj^/.j,     pYj  Aq  ,    ia  the    odoriferous    principle  of   the   Tonka   bean 

{VtjilrTyx  vtlorala),  and  of  several  other  plants,  as  Mrliloliis  officimilit,  At/ie- 
ryita  odnriitn,  and  AuOioianthum  otloniliaii.  It  may  be  extrart<<(I  fitmi  theno 
plants  by  alrohol,  and  crvstallixes  in  slender,  «liiiiiiig,  colorh-ss  needles, 
meltiiij;  at  UT'^  C.  (152.GO  K.),  boiling  between  29liO  C.  (5.540  F.)  and  2".tW, 
lod  distilling  witliont  decomposition  at  a  higher  tenipernture.  It  has  a 
frignuit  otlor  and  burning  taste;  is  very  »lightly  Boluhlc  in  cold  water. 
Bore  soluble  in  hot  water  and  in  alcohol.  It  <)iB»oh'i>s  in  potash-lye,  and  is 
Donverted  by  long  boiling  therewith  into  couinaric  acid.  Sodium-auialgam 
converts  it  into  melilotic  acid. 

Coumariu  ia  formed  artificially  by  dehydration  of  acctoaalicylal  (isonierio 
with  ooumaric  acid)  in  the  manner  already  described  (action  of  auetic 
tnhydride  on  sodiuui-aulicylal,  p.  S90): 


1 


C,H4(C,H,0)0,  —  H,0 


C»H.O, 


■  acting  on  sodium-snlicylal  iu  like  manner  with  butyric  and  valeric 
anhydrides,  honiolognea  of  coumarin  are  obtained,  vis.,  butyric  eou- 
marin,  C„n,„l1„  and  valeric  coumarin,  C,,H||0,.  Ikilh  crystal- 
lise in  prisms,  the  former  melting  at  Vl'' C.  (159.i-o  F.),  and  lK>iliiig  at 
29T^  C.  (5(iG.U3  F.),  the  latter  melting  at  5*3  C.  (12».2"  F.),  and  distil- 
ling with  partial  decomposition  at  3000  C.  (572°  F.}. 

I 

Hn<lc  isoroerides  included  iu  this  formula,  fonr  are  known,  but  the  ori- 
^Kion  of  thoir  lateral  chains  ia  not  yet  completely  i-atablished.» 
^¥mn  dloxybenioie  acids  are  obtained  by  ftiaiiig  the  two  .lisiilpholwnzoio 
adds  (p.  903)  with  potassium  livdroxide.  One  of  tb.we  dioxy-acids  forms 
(TvstaW  containing  1JH,0,  melts  with  decomp.«ition  at  aliout  22oO  f. 
(4290  P."),  and  is  not  cnlnrml  bv  ferric  chloride.  The  other,  pr«'pared  also 
from  t..luene<lisulphonio  acid,  forms  hydrateil  crystals  melting  at  1940  C. 
(381. 2P  ?.),  and  la  colored  dark-red  by  ferric  chloride. 

Oxysalicyllc  Acia.  r,H,(On),.rO,H  (probably  1:2:3,  CO.H  in  1) 
Is  fonned  bv  Iniilinp  a  solution  of  iodosnlicylic  acid,  C,IlJO„  with  potash. 
It  rrvstallizcs  In  shining  nee<lles,  soluble  in  water,  nlwdiol,  and  ether. 
The  '•queous  solution,  mixed  with   ferric  chloride,  acquires  a  deep-blue 


KOirOBABIC   AKD   TRIATOXIO   ACIDR — ^DIOXTACIDB. 

Dlozybensolo    Aeldi,  C,H,0,   =   f,H, | (^.^"^' .-Of  six 


k 


•  See  Watli's  Dlotionsnr  of  OhemUtry,  «d  Supplement,  p.  432. 


color,  dinnging  to  tvA  and  tlinn  liroirn  on  ii>M 
cinUmate.     The  orynUllixtxl  acid    nw\t»  n«    I 
v.),  nnil  is  n-solvod  at  ■  lii^livr  tftnper.  ■ 
(lojjclUcr  with  pyrocaU-tfUin).     The  ux,v 

Protocatecbnlc  Add,  i',Il,(<)n),.COjM  (proUbly  1  :  3  :4,CX)^  tal) 

aIho  c.'tUed  CiirlfJti/ilriiijuiiutiiit' uviU^ — This  ai-id  \~  i'r«>.lii.-.^il  In  tK 

melting   jmlnsh  ou  its    nldchydi-,  nnd  ou  iiMli] 

rrusolMilphniilo,  and    cugpnic  lu'idn,  cJtlMOiin.    ■ 

tivi-s  of  bcuiiriio  i  also  on   nnmerous  resins,  as  l»  i 

btiKNl,  itM«:ifiL-tldit,  t<to.,  ilH  formaliuii  from  lln*i>ri"»i' 

pnnit-d  liy  lli.1t  of  parnoxylH'iisiii'i  acid.      I  tiona 

bromiiii'  on  ni|Ucous  qniiiio  A<'id,  nnil  by  >  •^.    ll 

iji  m<Mt  eiAily  ]>rcpari'<l  by  luldiug  1  part  o.    ...^,. ,.,....  ,  .    .  ,,«rl«W 

fusivl   sixlitiin   liydroxido,  diiwolriug  thi<  molt   in  wattir,  Acidolatuii;,  aaJ 
agitating  with  othi-r. 

Protocatodiuic  acid  cryslallizns  from  water  in  nhining  n<«nllr«or| 
oontainiiig  1  iiiol.  11,0.     It  dissuln-*  irasily  in   hot  watfr,  in  alcot 
in  othi<r,  and  in  4ii-5l)  purls  of  cold  water  ;  mnlU  at  I990  r.  (39Uj 
and    do<x>ui])osc's    at    a    higlmr    ti'inpi'rataru    Into   CO,    and    pi 
(togctlicT  with  hydrcKjuinonc).     Ferric  it/       '        ■        •■ 
changing,  on    addition    of  very    dilute 

afterwards  to  red.     It  rudutH<8  ailvur  nit;.,..  ,  '. _.  _..  „i_. 

Kolutiou, 

Mrthiit -firatnraltchuic    or    VnuHlif    r       '     <^  T  o    - 
(«»(;iI,).('Ojll,  l«  forin.'d  by  mtidall'in  of  vaniP 
Rtancp,  in  tlu;  moist  litnl'-    i-  I'lt   ..........i  t..  ■ 

i-nnifi'riii,  (-"nHj,*),    (xt'i)   i 

I'ryistalliiits    in   shining  w 

413.60  F.);  BUblimablp  ;    nparin^ly  smIuIjIu    in  ifl'l   water,  • 

water  ami  in  alxjhol  ;  doivmijuwd    l>y  by'lroolil..rn-  add  at  1 

(302Q-;(2(IO  F.;  into  methyl  rhi.  i  iilo»ea<l.     lu  cal^u* 

salt  distille  I  witli  linio  yii-1d.s  i 

An  isomiTic   lui'thyl-proKKni'i  imi'     i.  m  i-  .    i      i       'Attj^  pntav 

tnoliuic   acid  with    potn!i^illnl    hydioxidn  and  i  Iso  by  ^*t 

ing  hi-mipiniL'  acid  with  strong  hyiir(H;hloriv  :i  i  i.  i'.nr»tAUlM 

in  slender  ni<t«lli«,  Imm  Rolublo  than  tlia  preOMling,  aiul  owltuiji  4t  SU* 
C.  (4S3.fio  F.). 

Dimtilhi/t-protocoltckuic     or    Vtratrie    aeid,    <\n„'>, 
((»Clt,),.("0,H,  U  i<ontained    in  oabadilla  "i-.-.i.  iiiom   I^-.-r-,....    -.. 
and   is   foruiod    hy  heating    jirotorateclioi 
with  Kilo,  niotJiyI   iodido   and  niotliyl   .i. 
Ijolling   the  priMlnct  with   8<Mla-lyo  ;   also  l<y  . 
calwhuic  aldehyde  (p.  HJU),  meHiy I -eniwl  (y. 
(p.  8M(i).   with    jMiriii  '    ' 

(355.10K.);  ,li^Utl, 
moru  in  al»>liol,     11. -n...    w 
hydnMjhlMric  acid,  it  yieldn  n  i 

.ieid».     lleatMl  with  I'iuie  or  biii.. :.-,  .-   ., .. 

pyrocatechin. 

In  iilcA  manneT  ar«  «bt«liied  :    PiVrA.//.;,f,./.«.i/..A>./.  u.i',/  fn...<ll. 
l-»9~  (•.  [300.20  K.)).  and   AV/ 
(mnxllea  alighUr  aolublo  lu  h<>i 

^*lj>*»r-pri,t»taftkmit    or    Pijuromftit  m«H,   C^Ji^  » 


ORISELLINIC    ACID. 
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C^n,0,  (p.  691),  with  p^i'i'iAiiganate,  ami  )>/  healing  prot<N^at(v;hnic 
Aoia  with  Kfill  and  CIl.l..— f..l()rlc5.s  nwillus,  m.  p.  22)W  (.'.  (44^  V.), 
•utiliiiinblc  witliout  ilfooiii|«iisitimi,  iiisolubli-  iu  colil  water,  sliglitly  eolnblv 
jr,  i.  i;.  .  ,^.1..  .,1  .,,1,1  nl.oliol,  easily  in  hot  aliM)linl.  I)o<'om|KWt'<i  liy 
li.  J  F.)  with  dilute  liyilr>Kihlori«  acid  into  pnilix'Ate- 

clr  Hxju  ;  by  licating  with  water  to  2(XP-210O  C.  (3920- 

^O-"  K.),  into  pyrocatecihin,  CO,,  and  carbon. 

Elkmr-itrolix-alrchuk  arid,  C,H,0„  obtained  by  heating  protocatechuio  acid 
«4th  KOil,  C,iI,Br,,  and  a  littlu  water  to  lUOO,  forms  shining  priums  melt- 
ing at  1H3.50  C.  (272.30  F.). 


LClds.  C.H.O.  =  C.U,(CH,)  {  [.^'^^V 


+     C„H,.0,: 
PIcrocrythrlQ 


OrscUlnlo  Acid  i«  formed  by  boiling  orsoliin  or  lecanoric  acid  with 
litne-watfT  :  C„H,,0.  -\-  H,<)  =  2t\ll,<)4 ;  alao  by  boiling  its  erythrilic  ether 
(erytlirin  or  erythric  acid)  with  water  or  baryta-water : 

c«H«o,.  +    n,o   =    c.H  o 

Errtbrla.  Onwlliale 

•old. 

Orspllinio  acid  crystalliipa  in  prisma  easily  solnblo  in  water,  colored 
violft  by  ferric  i-lilnriile.  It  melts  at  17i>0  C  (:j48.(JO  F.),  decomposing  at 
the  same  tiiue  into  C°0,  and  orcin,  C,H,0,  (p.  87t3). 

Kthgl  Onetlinate,  e,H,{Cn,)(On),.CO,.C,H„  Is  obtained  by  boiling 
orBcIlinic  acid,  or  Uoi-rrJIa  titwitirin,  with  alrohol.  It  crystallizes  iu  lustriius 
plates  easily  eulable  iu  boiling  water,  aleobol,  and  ether. 

Erythritie  Orttllinule,  Erythrin  or  Erytlirio  aoid,  C^FIjjO,,^ 
2C,IU>,  4- t',U,,0,  (erythrile) — -H,0,  is  contained  iu  lioccella /uJiiJormis, 

a:'     ■  d  by  boiling  with  milk  of  lime.     It  forms  crystals  containing 

I  t  '  ly  sululilo  in  hot  water,  colore<l  red  by  ammonia  in  contact  with 

an .    Mj>olve<l  by  Iwiliug  with  baryta-water  into  orselliuio  acid  and 

picroerytlirin  (se«  above). 

ricroery thrin,  C„H,,Oj,  formB  crystals  containing  1  mol.  H,0, 
iK>lnbl»  in  alcohol  and  ether,  and  is  resolved  by  further  boiling  with  baryta- 
wst«r  into  erylhritc,  orcin,  and  carbon  dioxide  : 

C„H„0,    4-     H,0    =    C«H„04    4-    C,H,0,    +     CO.. 

Or  fttlir ,  Ltcannric  ,OT  Dinrtellinic  acid,  C',,U|,0,  =  2C,II,0, — 
lijO,  o<ours  in  several  lichens  belonging  to  the  genera  linciella,  Lfainum, 
nnd  Vorioluria,  and  is  extracted  by  digestion  with  ether  or  with  milk  of 
\tiae,  and  precipitation  by  hydrochloric  acid.  It  crystallizes  from  alcohol 
or  ether  In  colorless  prisms  containing  r„H|jO.  -(-  HjO,  nearly  insoluble 
Id  water.  By  boiling  with  lime  or  baryta-water  it  is  concerted,  first  into 
or^Hlllnie  arid,  afterwards  into  CO,  and  orcin.  Its  alcoholic  solution  yields, 
, nine  ethyl  orselliuate. 
riunds  last  descri  Iwd  may  bo  represented  by  the  following 


I 


nvt  i*t  1  ui .' 


•^c:. 


,0,H,(CK.; 


OH 
sCO.H 


t;o,H 


O*C(,H.,0H,).CO,H 

O  ''c.H.iUH^KOHHOOjH) 

Erytlirin. 


0,H.(OH), 

*N.',H.(OIU(OH)(CQ,If) 
f  ioroerythrln. 


Oi>enii<  or 
OloraelUoic  acid. 

Aooording  to  SU'uhouse,*  the  Bonth  .African  variety  of  Rurrrlln  linctorin 
ermlalns  an  acid,  Cj^H^O.,,  called  tf-orsellic  acid,  closely  resembling  or^elUc 


t  ftill,  Traua. 
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•old  in  ^opertiM  aiidaoiiipoBitiaii,aBiykUiiigwMUl»laMU 
with  twryU-water,  togother  with  roaacllinlii,  C  ~  ~ 
forming  bair-Uke  eryitala  of  s  Mrmj  Iwtn:  G^ 
ci^ajiX,.    IbxioelUiiiiiia  not  attMkedta^lMiUiig  with:. 
dutoTvai  in  wnninnia  and  tile  Hzod  ■Ikaliiw,  farmlag 
not  oolorad  ^  expcMore  to  tha  air. 


UIBM  MM  VMB  MHl 

■g  ■oIbH—  ■M*  t 


The  following  acida  of  unknown  Btmotnn  aw  alae  cMaiaed  flwM  Ileb«i: 
Vulpic  avid,  C^ifi^,  ocean  in  CVfrarw  walpnm,  fron  whkh  H  maf 
be  extracted  bjr  chloroform  or  lime-water.  It  forma  larKeyeHov  pikaib 
■lightly  Bolnble  in  water  and  in  ether,  melta  at  llOO  C.  (aMP  F.),  iiy^M 
without  deoompoaition,  and  ia  reaolved  hy  boiling  with  baiTta-valtr  t* 
alphatoluic  acid,  methyl  alcohol,  and  oacalie  add. 

Uiinic  acid,  C^U„On  from  lichena  of  the  genera  Caws  and  Ermwit, 
erystallixea  in  ihiniug  yellow  lamina.  inaoInUo  in  water,  aUghUy  aolalit 
in  alcohol  and  ether,  melting  at  19BQ-1970  C.  (3830^386.60  F.).  Ito  al- 
kali-salts, when  exposed  to  the  air,  tnm  red  and  aflerwarda  liUek.  i 
modiUcatlon,  called  Beta-nsnio  acid,  from  Ctodbats  rangifwim,  mttii 
at  1750  C.  (3470  P.),  and  yields  by  distillation  beta-orein  (p.  877). 

Cetraric  acid,  C„H^O„  andLiohenie  acid,  C,«hLO^  ftvas  It»- 
land  moss  (Catrarta  tifaiirfun),  are  oystalUne,  and  easily  SMnUe  in  aMW 
and  ethur. 


Aoida,  C,H„0,  =  C,H,(OH),.CO,H: 

Evernlnio  Aoid  is  obtained  firom  Avemic  acid,  €,,11^0,  (a  constitnrn: 
of  Everuia  I'maaslri),  by  boiling  with  baryta: 

C„H„0,    +     H.O    =    C,H„0,    +    C,IIA. 

It  crrstsllizcs  frfim  hot  water  in  needles,  melts  at  1570  C.  (314.60  p.),  tai 
ia  colored  violet  by  ferric  chloride. 

XTmbelUc  Aoid  in  formed  by  the  action  of  Mdium-amalgam  on  nnibrl- 
liferone:  0,H,()j  -|-  H.O -f- H,  =  CjlIijO,.  It  cryHtallixes  in  colorlew 
nee<lles,  melting  at  12.10  0.  (2570  F.),  slightly  soluble  in  water,  ea»iI.T  ii 
alcohol  and  ether.  Witli  ferric  cliloridu  it  produces  a  green  color,  tumisf 
red  on  addition  of  sodium  carbonate.    Fused  with  potash  it  yields  resorrin. 

Umbel  liferone,  C,n,0,,  a  comp<mnd  analogous  to  coumarin  (p. 
914),  occurs  in  the  bark  of  Da]>hne  Mezerrum,  and  is  produced  by  distilli- 
tion  of  t;nlhanum,  as3af<rtida,  and  other  resins  of  umbelliferous  plasta. 
It  crystallizes  from  hot  water  in  rhombic  prisms,  slightly  soluble  in  cM 
water,  easily  in  hot  water  and  in  alcohol ;  its  a<iueous  solution  appein 
blue  by  reflated  light.  It  melts  at  2400  c.  (4t540  P.),  and  sublimes  wift- 
out  diMtomposition  ;  yields  resorcin  by  fusion  with  potash,  and  is  conTertw 
by  sodium-siiialKam'into  umbellio  acid.  Just  as  coumarin  is  converted  i»t» 
hydroooumaric  acid. 

HydrocaOelo  Add,  C,H,(OH),— CH,— CH,— CO.H,  formed  by  tb« 
action  of  sodium-amalgam  on  calfeio  aoid,  forms  crystals  aaaity  soluble  ia 
water,  and  is  colored  dark-green  b^  ferric  chloride. 


MONOBASIC    TETBATOMIC    A0ID8. 
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Th«  foUnwing  anaaturated  acids  belong  to  the  triatomio  and  monobuiiio 
«ion. 

Acid,  C,H,0,  =  C,H,(0!I),— CH— CH— CO,H,  formod  by  boil- 
;'Mlff«taiiiiic  »cid  (jj.  '.>'!!)  with  ptiltuth,  LTyHtullizi^s  in  yolluwisli  priain:), 
solubli'  in  hot  water  and  aluoliol.  The  aqueous  solutiou  rcductiii 
silver  nitrate  when  heated.  Ferrio  chloride  colors  it  green,  changing  to 
dark  red  on  addition  of  sodium  carbonate.  By  fuHiou  with  ]K>t.i!ili  laffeio 
aeid  is  r^-aolved  into  protooatecliuic  and  acetic  acids.  By  dry  diHtillation 
it  yiotdsi  py  rocatechin.    ^dium-aiualgam  converts  it  into  hydrocaiTeiu  acid. 

Femlic  Aoid,  C„H,(|0,=  C,H,(OH), — C,!!, — CO,H,  occara  in  assafoetida, 
and  luny  be  5e|>arated  from  the  alcoholic  extract  of  that  tiulwtunce  by  jire- 
ripitatiug  with  Icail  acetate,  and  decomposing  the  prcoipilnte  with  snl- 
phuric  acid.  It  diBMiilves  easily  in  hut  water  and  alaihol,  and  crystallizes 
in  four-sided    needles.      Its  aqueous  solution    is  colon-d   yellow-brown   by 

^gne  chloride.     By  fusion  with  potash  it  is  resolved  into  protocatechnio 

HH|  acetic  acids. 

^^wperle  Add, 

tec•„u„(\  =  H,c<^c,H,.CH-cn,cnrzcH.co,n . 
potassium  salt  of  this  acid  is  obtainiMl  by  boiling  ptperine  (q.  p.)  with 
holic  potash,  and  separates  in  sbiiiing  prisitia.  The  free  acid  crystal- 
Hie*  in  slender  needles  melting  at  2160-217°  V.  (420.feCu422.GO  F.).  It 
tonus  sparingly  soluble  salts  containing  1  eqiiiviilent  of  base.  It  unites 
with  4  atoms  of  bromine,  and  is  resolved  by  fusion  with  jKitash  into  acetic, 
oulic,  and  protocatechnic  acirls.  By  uxidatiun  with  |)ermanganatc  solu- 
tioB  it  yields  piperonal  (p.  891). 

BBBetio  Add,  c„H„o.  =  c,H,(on)(Ocn,)<f'°i'^(.jj_<.n,  -  '' 

formed  by  the  actiuu  of  sodium  and  cartxin  dioxiilc  on  eugenol,  C',jl{,.,0, 
(p.  tt85).  It  crystallixi-s  in  thin  prisms,  slightly  soluble  in  water,  melts 
•t  1340  C.  (2ii.'i.2-^  F.),  and  is  resolved  at  a  iiigher  teuiperaturo  into  CO, 
■ad  eugenol.     Ferrio  chloride  colors  Its  solution  dark  bruwn. 


I 


MONOBaSIO    AND    TBTBaTOKlC    aCIDI. 

Oalllo  Acid,  C,H,Oj  =  C,Hj(OH)j.CO,n— TDoj-yfti-nroic  aetd,  Dioxy- 
mUcglie  acid. — This  acid  occurs  in  nut-galls  (excrescences  formod  ou  the 
learwi  and  teuf-stalks  of  the  dyer's  oak  (Quercua  in/fctoria) ,  also  in  sumach, 
hellebore  rixit,  divi-divi  (the  fruit  of  VimtpiHa  corinrm),  in  tea,  in  pome- 
granate root,  and  in  many  other  plants.  It  is  produwd  artillcially  by 
heating  di-iodosalicylic  aoid  to  14<>a-15()0  C.  (284^-3tt20  v.),  with  eiw-ss 
of  an  alkaline  carbonate  ;  and  frum  bromudiuxy  benzoic  acid  and  brumo- 
protoi-Attxhuic  acid  (p.  916)  by  fusion  with  ]>otash  :  hence  its  structure  is 
either  1:2:3:4  or  1:2:4:5  (CO,U  In  I).  It  is  most  conveniently 
prepared  by  boiling  gallotannio  acid  with  acids  or  alkalies  :    CuH,.<\  4- 

Qallio  attid  crystallizes,  with   1  mol.  H,0,  in  slender  prisms  having  a 
luotra  ;  dissolves  in  100  parts  of  cold  and  3  parts  of  Ijuiling  water, 
By  in  aloolml  ;    m.-lls  at  alNxit   2(Mio,  and  splits   up  at   21(10-22(10  C. 
I0O-428C'  F.)  inl4>  CK,  and   pyrogallol,  C,Hj(<»ll),.     The  .iijueous  solu- 
tion reduces  the  metals  from  solutions  of  gold  and  silver  salts  (hence  its 
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nw  in  photography),  and  fonns  x  blae-bUck  precipitate  with  ferrio  dilo- 
ride. 

Gallic  acid,  though  monoUaaic,  contains  3  atoms  of  ph<-Dolie  hjrdroges, 
and  can  therefure  funn  tetr&motallic  salts.  The  galUtus  <i(  th«  alkili- 
mi^lals  are  permanent  in  the  dr,v  ittata  and  in  arid  sulutiun,  but  in  aUullM 
aoltitiun  tliey  quiclcly  abaorb  oxygen  and  turn  brown. 

JClhyl  <j<Mur,   C,H,((m)j.CO,C,H„  cry=--"  -       '• '   -     -    -'    -  •  i?  , 

prisiinii  contaitiin);  ij  nml.  H,l».      J'riacel:/  ;,  I 

fiirmed  by  lu-ating  gallic  acid  with  aoel.\ :  ..    _.    .._   __...■;,' 

r4',Tiitatlixea   from   aloohol   in  needles.     With    bromine  gallic  aad  fomu 
CjHjBK),  and  C,H,Br,<»j,  iKith  of  which  arn  crystalline. 

Uallio  acid,  heated  with  4  parts  of  salphurio  acid  to  ]40O,  is  oonTerted 
into  rufigallio  acid,  C,4U,0„  a  derivative  of  anthracene*. 

Kllagic  acid,  C,|H,0,,  probably  also  on  anliiracene  derivative,! 
formed  by  the  action  of  oxidizing  agents — aa  arsenic  acid,  silver  iixidl^ 
iodine  and  water— nn  gallic  acid  ;  aUo  fn>m  tannic  acid  when  its  couc^a 
trated  aqueous  solution  is  loft  for  a  oonsidcralde  time  in  contact  with  th 
air,  the  ellagic  acid  then  geparatiug,  together  with  gallic  add.  it  u  I 
oonstitaent  of  bezoar  stones  (intestinal  concretions  of  a  Persian  speci>«<^l 
goat),  from  which  it  may  be  obtained  by  boiling  with  potash  and  preuipl*! 
tating  with  hydrochloric  acid.  It  separates,  with  1  mol.  H,0,  as  a  i 
tallinl^  (lowder,  insoluble  in  water,  and  having  an  aiid  reaction.  Its  sodiu 
salt  is  formed  by  boiling  ethyl  gallate  with  iodiuui  carbonate. 


Ta  nnic   Acid*  or    Ta  a  n  i  a  j  . 

ThcAfl  Bubatanoea  oon8tiiDt«  the  astringent  principles  of  plants,  and  v* 
very  widely  dllfuseil  in  the  vegetable  kingdom.     Most  of  them  are  |^u« 
aides  of  gnllie  acid,  being  resolvnl  by  lioiliug  nitJi  dilute  acids  inlogallia| 
acid  and  glucose  ;  others,  inittea<l  of  glucose,  yield  phloroglucin,  C,llj(OH^ 
(p.  878).     Gallotannic  acid,  on  the  other  b.ind,  when  quite  pure,  is  Dolt 
glnooside,  but  consists  of  d  i  g  a  1 1  i  c   acid.     By  fusion  with  pciLash  uiost^ 
tiiniiiu  acids  are  n^olved  into  protocatechuic  acid  and  pbloroghicin, 

Most  tannic  acids  give  bluish-lilack  precipitates  with  ferric  salts  (inki): 
some,  however,  aa  kino  and  catechu,  and  the  tannins  of  suuiach  and  ot 
the  tea-plant,  give  gnwnish  precipitates.  The  tannic  acids  precipiUile  a 
solution  of  gelatin,  and  unite  with  animal  membranes  :  hence  their  nioiii 
the  manufacture  of  leather.  They  are  precipitated  from  their  solutiom  I'r 
neutral  acetate  of  lead. 
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OaUotannic  Acid,  Dlgalllo  Acid  or  Tannin,  C„II„0,  =  (\  )i  n  <n  t  _ 
CO — (> — 1;() — (',U,(uH)„   occurs    in    large  quantity  in  nut-j;.: 
ally  in  the  Chinese  variety,  also  in  sumach  (the  twigs  of  filiut  > 
tea,  and  many  other  plants.     It  may  be  formed  from  gallic  ai-id  by  he.iiin: 
with  I'OCl,  to  12(»o  C.  (3480  F.),  and  by  oxidation  with  silver  iutraii  .  r 
dilute  arsenic  acid.     It  is  most  readily  prepared  by  exhausting  finely  jml- 
verized  nut-galls  with  a  mixture  of  alcohol  and  ether  in  a  percolator  (6f. 
17"),  having   its  neck   plugged  with  cotton-wool,  and  its  mouth  lr«~.  !r 
HtJipped  witli  a  cork.     The  liqui'l,  which  after  some  time  collects  in  lln   i' 
ceiver  below,  consists  of  two  distinct  strata:  the  lower,  which  is  n!'"  ^ 
wdorless,  is  a  very  strong  solution  of  almost  pore  tannic  acid  in  \^  . 
the  upper  consists  of  ether,  holding  in  solution  gallic  acid,  culorin^.-   i 
ter,  and  other  impurities.     The  carefully  separated  heavy  liquid  is 

evaporate  in   an  exsiccator.     Oallotannio  acid,  or  funain,  thus  obi 

forma  a  slightly  yellowish,  friable,  porous  mass,  without  the  aliglitcst 


OALLOTANNIC    ACID. 


tcnilxncy  to  crystallization.  It  is  vpry  soluble  In  water,  li-BS 
■o  in  alix^hol,  and  very  slightly  soluble  in  t>tlier.  It  rediieus 
litmus,  and  baa  a  puro  at>tringi-nt  tasitL-  witlMiiit  bitturiiHsii. 

A  strong  solution  of  gnllotannic  avid  mixcil  witU  mineral 
acids  givtrs  precipitati^  oonsisting  of  combiuationa  of  tliu  tuu- 
nir  arid  with  the  mineral  auids  ;  tbeso  vumpouudR  art'  freely 
•alublr  iu  pare  wat<-r.  but  nearly  insoluble  iu  auid  liquids. 
fi«llot:innic  acid  prtH-ipitates  albumin,  gelatin,  salts  (if  the 
Trgri-ti^alkHliHS,  and  several  other  substances  :  it  fomis  solu- 
ble o>ni|><MMids  with  the  alkalies,  whivh,  if  excess  of  base  is 
pnaseut,  rapidly  attract  oxygen,  and  become  brown  by  destruc- 
tion of  the  acid  ;  the  gallo;.annates  of  hiirimn,  ulnmliiim,  and 
€aUium  are  sparingly  soluble  ;  those  of  leaJ  and  iindmom/  are 
iuolnblc.  Ferrous  salts  are  unchanged  by  solution  of  gnllo- 
ULUDio  acid  ;  ferric  mils,  ou  the  c-oulrary,  give  with  it  a  deep 
bluish-black  precipitate,  which  is  the  basis  of  writing-ink  : 
ht-nn"  the  value  of  an  infusion  of  tincture  of  nut-galls  as  a 
(cat  for  the  presence  of  iron. 

(lall"tannic  acid  dwomjKaes  at  25(10  c.  (482^  F.),  with 
fonuBtion  of  pyrogallol.  By  boiling  with  alkalies  or  dilute 
•cilia  it  is  converted  into  gallic  acid,  t'„ll,gO, -|- il,(t  = 
2<',H,0, :  hence  its  constitution  is  detcmiinetl.  By  bitiling 
with  excess  of  acetic  anhydride  it  is  converted  into  p»n- 
tacety  I -tannic  acid,  C,,H,^(C,U,0)fi„  a  crystalline 
•ul«tanc-,  melting  at  137"  C.  (278.tiO  F.)- 

Th«  fuUuwiiig  tannins,  which  are  amorphous  bodies,  more 
or  leaa  resembling  gallotannic  acid,  have  not  been  obtained 


Fig.  m. 


iu  the  pure 


Qfurcilanntc  acirl,  from  oak -bark,  is  a  yellow-brown  amorphous  mass,  the 
■queuua  solution  of  which  is  colored  deep  blue  by  ferric  cbluride.  Ciurhnna- 
bumir.  iiriJ,  occurring  In  cinchona  barks,  ]iartly  in  combination  with  alka- 
lol^is,  gives  a  green  color  with  ferric  sails.  I-tntauhitt-tunnic  arid  occurs  in 
rKatany-niot ;  ./iViVaniiir  aci'f/ in  fern-roots  ;  tfrinnitti-liiuuir  adtt  ij]  (oi'mentil- 
root.  Tbi-se  five  tannins,  when  boiled  with  dilute  noids,  yield  red  amor- 
phous bodies  (oak-red,  cinchona-red,  etc.),  wliieb  partly  also  occur  ready- 
fnrtned  iu  the  respective  plants,  and  are  resolveri  by  fiisinn  with  potash 
into  protocatecbuic  acid  and  phloroglucin.  The  formation  of  these  red 
cum|Kiunds  a{ipears  to  Im<  aocompanii;d  by  that  of  sugar. 

Vatrrhu-tanuic  acid  occurs  in  catechu,  an  extract  prepart^  from  several 
Kast  Indian  plants,  vii.,  Artra  CalrrUn,  Aeaeia  {\Iimom)  Catrrhu,  and  Sau- 
rim  (Jiimliir.  Ferric  salts  color  it  dingy  green.  Catechu  also  contains 
catochin  or  catechuio  acid,  C|,H,,0„  which  crystallizes  in  needh'S 
containing  3H,0.  Its  aqueous  solution  is  colored  green  by  ferric  salts. 
.\ubydrous  catechin  melLs  at  217°  V.  C-122.t;o  K.),  decvimimsing  at  the  same 
time  in  III  CO,  and  py  rocatei-b  i  n .  By  fusion  with  ]iotash  it  is  rcsolred  into 
protacat«vbuio  auid  and  phloroglucin  : 

C|.HuO.    4-    2HjO    =    C,H,0.    -f    2C.n,0,    -f    2n,. 

Miirinlnnnic  acid  or   Afiieltirin,  occurring  in    fustic   (the  wood  of  Mums 
inriit),  is   a   yellow  crystalline    powder,    easily   soluble    in    hot  water 
in  alcajhol,  the  solutions  giving  with  ferric  chloride  a  greenish-black 
olpltate.     It  yields  pyroeate<'bin  when  heated,  phloroglucin  and  proto- 
ealechuic  acid  when  fused  with  potash. 

Caffetannir  acid,  from  cofliM'-lierrics,  is  a  gummy,  easily  soluble  mass, 
which  gives  ^  green  reaction  with  ferric  chloride,  yields  pyrocatecliin  when 


I 
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heated  ftlone,  oaffeio  aoid   (p.  919),  when   heat«d  with  potuii-solution ; 
prutuCAtechaio  acid  wheu  fused  with  potash. 

Qolnlo  or  Kinic  Add,  C\U„0,s=C,U,(OB},(CO,II),  U  a  iiiMi0h«i»j 
puntatomio  auid,  uuiirly  relatod  to  thu  aromatic  oxy-aridn.     It  is  (oiinil  f 
oinckoua-bark,  and  ia  obt&iiiml  as  a  bye-product  in  the  prcparatiou  of  n 
nine.     Tbe  extract,  obtained  by  dig«!>ting  the  uouimlnutHj  Ucuk.  wil 
or  dilute  sulpbnric  acid,  is  mixed  with  milk  of  liiu»   In  prcK'ipi) 
alkaloid  ;   the  solution  is  liltiTud  and  L'rap<jrat<>d  ;  and  the  calciuui  <^ 
which  romainH  is  puriliod  by  crystaUization,  and  drujuii>usud  wtili  ux 
aiiid. 

Quinio  acid  forms  transparent  colorless  moucliniv  prisms,  easily  ioliiU 
in  water,  rery  slightly  soluble  in  aloohol.  It  melts  at  lG'2f^  C.  (,'i'23.>p  F.] 
and  at  a  higher  temperature  is  resolved  into  liydru<juiiioue,  pyrocalecliU 
beuxoio  acid,  phenol,  and  other  produuU.  Uy  oxidizing  agents  (ii' 
and  snlphuric  acid)  it  is  converted  into  qainuuo,  together  with  rarbogi 
and  formic  aoida.  By  heating  with  hydriodio  acid  it  is  uouvi^rtcd 
betuoic  aeid  : 

C,Il,(OH)..CO,H    +     2HI    =    C,Hj.CO,H    -f    411/)    +    1,; 
•nd  by  phosphorus  pentaubloride  into  chlorobenxoyi  chloride : 

c,H,(ou)j.co,u  4-  PCI,  =  c,H,a.coa  +  po.h,  4.  sHci  +  ufi. 

By  fusion  with  potash  it  yields  protocntechuic  acid. 

(-'allium  t/ttinaic,   (C,H,,U,),Ca  +  1011,0,  forms   large,  eaaily  wlaU 
offloresueut  riiomblc  prisms. 

Uvlo   Aoid,  C,H,0„  obtained  by  distillation  of  pyrotartaric 
forms  shining  crystals  melting  at   liiP'  C.  (273,20  F.)  and  suUiiiisblaj 
converted    into    Iwntoic   acid    by   fusion  with   potaah.     Its   ualciuai^ 
(C,U,0,},Ca  4-  OU,U,  oryttaUixea  in  naedlea. 


Aldehydic  Acids. 

These  are  acids  containing  the  group  CHO  as  well  as  CO.OH,  1 
of  hydrogen,  and  exhibiting  an  aldehydic  as  well  as  an  acid  iJiaraeUr. 
All  the  known  aldehydic  acids  likewise  contain  the  group  OH.  and  ara 
thernfore  the  intermediate  aldehydes  of  bibasic  triatomic  acids.  They  if 
pri*luo<)d,  like  salicylic  aldehyde  (p.  »8S),  by  the  action  of  uhlorofona  un 
the  oxy -acids  in  alkaline  solution. 

Aldehydo-oxybenmolo  Aold,  C.H.O.  =.  C,H,(OH)<J!;^J*^    .  —  Tw 

isomeric  acids  of  this  composition  (•  and  B  AldeMgiJaaaUc^ic  atiiU)  u* 
obtained  by  boiling  14  parts  of  salicylic  acids,  25  parts  of  sodium  hydrox- 
ide, 50  parts  of  water,  and  1!)  of  chloroform,  in  a  vetiSfl  with  revetwd 
condenser.  On  diluting  with  water,  acidulating  with  hydrochloric  acid, 
agitating  with  ether,  and  then  agitating  the  ooncntrated  ethereal  solu- 
tion with  aoid  sodium  sulphite,  a  solution  is  obtained,  from  which,  idc-r 
removal  of  the  ether,  sulphuric  acid  8eparat<«  the  «-acid  as  a  cr\>i 
powder,  while  the  a-arid,  together  with  a  very  small  quautitr  of  i  . 
aci<l,  remains  dissolved,  and  may  be  extracteil'fnioi  the  solution  by  ethiT. 
A  third  «<-id,  y-aldehifJn/MiruoTi/ljeHzoic  arid,  ia  obtained  in  like  manner  from 
paraoxybenioio  acid,  together  with  paraoxybeuxoio  aldehyda. 
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•.  (CO,H  ;  OH  :  CHO  j»  1  :  2  :  3) Slender  felted  needles,  auUimnblo 

len  slowly  heated.  Much  more  wlublo  in  water  than  fl.  SolulUm  culorrd 
1  by  fexric  chloride.  Calcium-salt  easily  soluble  :  distilled  with  calcium 
I,-...  ..ivea  salicylic  aldehyde. 

:i  :  OH  :"CU0  =1:2:  5). — Sli-nder  needles  meltiiiK  at  24[iO  c. 
1  .),  snblimable  when  slowly  heated.  Nearly  insoluble  in  cold 
Iter,  siMU-iugly  soluble  in  boiling  water  and  oold  alcohol,  easily  in  hot 
sobol  and  other.  Deep  ohorry-r«l  with  ferric  ohlori<le.  Calcinui-salt 
ly  aolable  ;  distilled  with  CaH,0,  gives  paraoxybcuzaldehyile. 
y.  (CO,H  :  OH  :  CHO  =  1:3: 4). — I'rismatio  crystals,  uieltiug  at  243^^ 
iP  C.  (4(19.40-471.20  K.),  sublimable.  Slightly  soluble  in  cold,  more 
ulily  in  hoi  water,  easily  in  alcohol  and  elUi-r.  Brick-rod  with  ferric 
toride.  Calcium-salt  slightly  soluble ;  distilled  with  lime  gives  salicylio 
lehjrde. 

AldehydovanilUc,   or  Aldehjdo-methylpiotocatechaio    Aoid, 

H,Oj=C,U,(,UU;(UCU;^)<^,(^,  ,.  ,    is    obtained,  together   with    vanillin 

.  891)>  from  vanillic  aoid,  iu  the  same  manner  as  the  aldehydoxyben- 
le  acids  (zom  the  oxy  benzoic  acids.  Crystalliies  in  slender  silky  mnidles, 
4ling  at  2210-2220  C.  (429.b--'— 131.(iO  F.),  slightly  solable  in  wat«r, 
>iJy  in  alcohol  and  ether.     Ferric  chloride  colors  the  solution  violet. 

Oplanio  Add,  t;,oH^O,=  CgH,(OCH,),<^,,^  ^  .—AUIehydo^imethglpro- 

•attckuic  acid  is  formed,  together  with  cotarnino  and  hemipinic  acid 
.  826),  in  the  oxidation  of  narcotine  by  MnO,  and  sulphuric  nciil,  or 
til  dilute  nitric  acid.  It  crystallizes  in  slender,  culorlms  prisms,  melt- 
(  Mi  140O  C.  (284C  F.),  slightly  soluble  in  c<jia  water.  Heated  with 
i«'liin«,  it  is  convert«<I  into  dimethyl-prntocatechuic  aldehyde,  C,H, 
'CH,),.CHO  (p.  891),  and  when  treated  with  oxidixing  agents,  it  yields 
mipiuic  acid. 

Xcconin,  r,jH||,0,,  occurs  in  opinm,  and  is  foruuHl,  together  with 
tarnlue  (see  Alkauiius),  from  narcotine,  by  beating  with  water  to  KHO, 
id  from  opianic  acid  by  the  action  of  nascent  hydrnpen  or  of  potash- 
0.  Shining  c^ilorless  crystals,  sparingly  soluble  in  (xild,  more  freely  in 
It  wat«r,  melting  at  11(')0  C.  (23tiO  K.).  Heated  with  acids,  it  forms 
liereal  compounds,  with  elimination  of  water. 

^^^H  BtUJIO   AMD   DIATONIC   ACIRS. 

^K  Ben zene-dioarhonio   Acids. 

Co  1  da.  c,n/>.  =  r.u,(co,H),. 

1.  Pbtballo  Acid  (1  :  2). — Orihnhenme-dicnrbonir  ncid  is  formed  by 
le  action  of  nitric  acid  on  nnpUthalene,  diililoririe  of  naphthalene,  all- 
tria,  and  purpurin  (the  coturiiig-raatters  of  madder): 

0,     =    _r,n,o,     -f 


Naphlba- 
Icoe. 


Aliz«rln. 

r,.H.o, 

Purpurla. 


+    2H,0    +    0, 


-f-     211/1    +     O,     = 


f«'i.o, 

Phlhillo 
■eld. 

=     ^fifii 

PlithiiUo 

KClU. 

Phtl)«lle 
aoiiL 


C,H0, 
OKKlie 

Mid. 

acid. 

+   .3c,nA. 

Oxulle 

acta. 
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It  M  aUo  produced  b;  oxidizing  ortiiotoluic  acid  with  pennaiiguiato  tola 
tiou.  aud  is  UBii&lly  prrpared  by  treating  naphthalene  dicliloride  at  I 
boiling  buat  with  nitric  aoid.     Chromic  acid  uiixture  cannot  be  lued  ia  I 
preparation,  as  it  is  easily  oxidiz»-<l  thereby  to  carbonic  acid. 

Phthalic  acid  crystallituti  in  short  prisms  or  laminse,  slightly  soluble  t 
cold  water,  easily  soluble  in  hot  water,  alwhol,  and  ether.     It   melti  i 
1860  c.  (3lj50  F.)t  uid  ia  rt«olve<l  at  a  higher  temperature  into  water  uM 
phthalic  anhydride,  C,U,0,.     Heated  with  excess  of  cjilciuni  hyilrate,  ill 
in  ri-iiolved  into  2V0^  and  Iwnxene,  but  when  2  molecules  of  it  are  he>t<l| 
with  1  luol.  CaU,0„  it  yields  calcium  benaoate : 


2(',H.t),    +     CaH.O, 


(C,HjO,),Ca    +     2C0,    +     211,0. 


It  forms  both  acid  and  neutral  salts.     Barium  chloride  added  to  ttieials-] 
tion  of  its  ammonium  salt  throws  down  barium  |)hthalate,  C,H,0,Ba,  whid 
ia  very  slightly  solulile  in  water. 

Phthalic  acid4.s  converted  bv  fuming  nitric  acid  into  uitro-phttiiliff^ 
aoid,  C,H,(NO^O,. 

Phthalic  chloride,  C,H,(COn)p  formed  by  heating  tho  acid  «llh 
PClj,  is  a  liquid  which  boiU  at  2700  c.  (5180  p.),  and  is  converted  by  tine 
and  hydrochloric  acid  into  phthalic  aldehyde,  r,H,{CHO)p  whiili 
crystalUxes  from  hut  water  in  platea,  and  meltii  at  ti&^  C.  (14!K)  P.). 

Phthalic   anhydride,    C,H,<^^^0,   obtained   by   heating  Uill 

acid,  foniis  large  needles,  melU  at  12bO  C.  (262.4°  P.),  and  boils  at  SiT^j 
C.  (.530.IJC'  P.). 

Hydrophthalic  acid,    C,n,0,,   formed  by   the   action  of  »(«JiuB- 
amalgam  on  phthalic  acid,  dissolveil  in  aqueuos  sodium  carbonate,  crys- 
tallizes in  tabl(«  ;  dissolves  easily  in  hot  water  and  alcohol ;  an<l  melt*  U' 
about  2IKIO  C.  (.31)2^  P.),  decomposing  at  the  «>ame  time  into  phthalic  ilK 
hydride,  water,  and  hydrogen.     By  the  action  of  strong  sulphnric  *f-'' 
or  by  oxidation  with  nitric  acid,  chromic  acid,  or  bromine  and  water,  il 
converted  into  benzoic  acid.     Tetra hydrophthalic    acid,  t°,I),|( 
ia  prepared   by  lieating   itii   anhydride  with  water,  and  the  auhydndi 
C,li,0„  is  produced  by  distillation  of  isohydropyromellitic  acid   (p.  SiT)? 
Tlie  anhydride  crystailiies  in  lamino)  melting  at  6»o  C".  (ir)4.-10  p.).    TUn 
acid  also  crystallizes  in  laminn>,  melting  at  i)(JO  C.  (2lM.!l>0  P.),  and  diwm- 
posing  at  the  name  time  into  water  and  the  anhydride.      Uexhydro- 
phthalic  acid,  C,H|,Oj,  is  obtained  from  either  of  the  preceding  by  the 
action  of  sodium-amalgam,  or  by  heating  with  hydriodic  acid  to  '23is-  Cr 
(44i>o  p.)  ;  it  crvstalliies  in  prisms  or  lamiuc,  sparingly  soluble  in  wal 
melting  at  207O'c.  (4m.60  P.). 


1 


laopbtbaUo  Acid,  r,H,(CO,H),  (1  :  3),  is  formwl  by  oxidation  of  m( 
xylene  or  metatuluic  acid  with  chromic  acid  mixture,  also  by  fusing  meti 
sniphobenzoate,  or  metabroraol>en»onte,  or  bunzoale  of  potaxsium  with 
pota.ssinm  fonnnte  (in  the  last  two  cases  tt>gether  with  terephthallc  acid), 
and  by  the  action  of  heat  on  hydropvromellitio  and  hydroprelinitic  acid 
(p.  927).  It  crystallizeM  in  slender  needles,  soluble  in  4(iO  |>arls  of  Uiiliuf 
and  ~>^m  parts  of  cold  water,  melts  alxtve  300O  c.  (r>"20  P.),  and  sutiliuM 
in  nee<ll<w  without  blackening.  Its  barium  salt  di.ssolves  easily  in  water, 
BO  that  the  acid  is  not  precipitated  by  barium  chloride  from  the  solulioo 
of  its  ammonium  salt,  a  character  by  which  it  is  distinguishe<l  from  Ua 
two  isoiiierides. 

A/rJlii/l  itoiththalatf,  C,I1,(C0,.CH,)4,  crystalHiei  in  nsedla,  melting 
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*  C.  (147.20-149O  F.).    The  rthi/lie  ether  is  a  colorless  liquid,  boiling 

'C.  (5450  K.),  aud  not  golidifying  at  OO. 

^0ophdmlic  acid,  C,11((M(.I^C\,  foruis  luuluiF,  melting  at  2490  C. 
IK.>. 

mulgl  chloride,  C,U,(C0C1)„  forma  a  radio-crystiLUine  mass,  melts  at 
|[105.*O  F.),  iK,ila  at  27«o  C.  (52B.8C1  F.). 

bhtbaUo  Aold,  C,1I,(C0,I1),  (1  :  4),  is  furmcd  bv  nxiilation  of 
(IxxliiM  LwlongiDg  to  the  ]iara-surti<8 — a»  jiaraxvleiK',  parattduic  acid, 
I,  and  eyiuoue,  will)  cbromio  acid  mixturo.  It  iji  a  whito  |KJwdi'r, 
■lie  if  sluwly  dcjx>sit«l  from  solution,  noarly  insolulilw  in  wattr, 
I  and  etlier ;  sublime:)  unitfcunipos^l  vvilhoiit  pri'vious  fusion. 
frephlhaliiln,  t:jU,U,(.a4-  311,U  anil  L'jHjUjBa  +  411,0,  ara  crvHtal- 
Id  very  sparingly  solublf.  Tli<«  nirtlivlio  and  ethylic  etliors  ixys- 
ka  prisms,  the  formvr  mtdtiug  at  1CI4^  C.  (^li's).'2P  i'.),  the  latter  at 
(111.2^  F.). 

fn-qMnilic  aaid  is  cryst&Ulue,  and  molts  at  25i)0  C.  (498.20  p.). 
wtphlhtUie  acid,  C,UgO„  is  a  whito  powder,  like  tcrephtUalio  acid. 

jetds,  c,u,Oj  =  c,u,(ciy(co,u),. 

|lo  Acid  ((;0,n  :  CU,  :  CO,n  =  1:3:5)  is  produced,  together  with 
•Die  acid,  by  prolongi-d  boiling  of  mositylenri  with  dilute  nitrio 
|d  by  boiling  pyruvic  acid  (p.  757)  with  bariuui  hydrate.  Slender 
i  molting  at  IbV^  c.  (548.(jo  1'".),  sparingly  soluble  in  hot  water, 
|i  alcohol  and  etlier ;  converted  by  oxidation  with  chromic  acid  into 
t  a<.'id,  and  resolved  by  distillation  with  liiuu,  flrat  into  CO,  and 
hliu  acid,  afterwards  into  CO,  and  toluene. 

klo  Acid  (CU,U:CU,:CO,n  =  1  :3:4)  i«  produced  from  psen- 
Be  (p.  81<J),  xylic  acid,  and  paraxylio  acid  (p.  bl7),  by  prolonged 
rwith  dilute  uitriu  acid.  Indistinct  colorless  crystals,  melting  at 
P"  C.  (530"-;i-J1.4'2  F.),  nearly  insoluble  iu  cold  water. 

^lidio  acid,  formed  by  fusing  pfitaKsium  toluenu-disnlphonate 
Uum  formate,  is  very  much  like  xylidic  acid,  but  melts  at  31(K^ 
(5ynG-5lii>o  F.). 

Iritioacid,  formed  together  with  phloroghicin,  pyrotarlario 
1  aoetio  add,  by  fuHiug  gamboge  with  potash,  crystallizes  iu  short 
Msiiu,  melting  at  about  lUUO  C.  (320O  F.). 

iloids,  r,„u,„o.. 

{jdjc  aold,  C,H,(CH3),(C0,I1)„  formed  from  dnrene  and  dnrylio 
Iprolouged  boiling  with  dilute  nitric  ucid,  crystallizes  in  long  traus- 
prisms,  and  sublimits  at  a  high  temperature. 

Ijricne-dlacetio  aold,  C.U/CUj.COjH),,  is  formed  from  tollv- 
oridc,  CjHjCCH/l;,  (p.  82«).  Long  needles,  melting  at  244"  C. 
y.),  and  subliming. 
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|OieUoarl>onlo  Add,  C.TI.Oj  »  C,Hj(OH)(CO,H)„  is  formed,  to- 
Iritli  plieiKil  nipl  )ilii'UoltricarlK<nic  acid,  whan  basic  s<Hlium  iialiey- 
healed  to  3U(lO-3SllO  C.  (t)feOO_7I(JO  F.)  for  several  hours,  with 
It  agitation,  iu  a  stream  of  carbon  dioxide.    The  product  is  dissolved 


N 
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in  water,  BcidnUted  with  hyilrofhloric  aciil,  Ihi;'  ■  i 

Hilh  auuu'inia  and  niixoi  vrith  boriuiu  cliloril 

tricarlionaW'  is  precipitated.     Tlii<  liqui^l 

Willi  hydrochloric  acid,  dcjKisi la  a  Diixtu 

cylio  oi'ids,  from  nhich   tho  lattrr    may 

PhciioldipJirlxmic  aci<l  cryetalliii-a  from  U 

alwvo  ^7tio  f.  (SlbO  F.),  ftii.l  Bublitii.'H  at  _  ,     _     .  .,.  , 

r(>snltilion  into  CO,  >nd  i>henol.     SligUtl/  eoloble  in  wmter,  tm»aj  ia  ak» 
hoi  and  •'thvr. 

Oxylaoavltio  Add,  (\n,0,  =  C,n,(OH)(Cn,)(CO,ID,.— Th-  Mh»ft. 

ftluT  of  tliiit  acid  is   formed   liy  thu  uutioti  of     "  r' 

I  trtraohloride  or  ethyl  tricliIora<-ittal«  (in  ••lliyl 

frro  acid  forms  tH'c<dlo9,  sjmrinKly  sol ■•'  '  ■ 

wnfor,  cosily  in  alisohol  and  i-lhfr. 

didh  violiit.     Tin;  hariiiiu  sail,  C,n,(i 
I  mvtacrrciol.     By  oxidation  with  p<'ri  nr  <iilat>' 

iflouritio  ftoid  is  convcrtiil  into  aii   ..  lo  willi  uv 

It  is  insoluble  in  chloroform. 

Hemlplnlc  Acid,  r,JI,oO,  =  r,r<  '    ■'• 

with   cotniniiic.   iiii'ixiiiin,    and   opin 
cryiitalli/<«  in  lar>;<>  livdrattxl  pri.^ii.:-   -,._,..., 
Iiydrati'il  arid  m-lls  at   18IJ^  C.  (:i.'iiP   K.).      I 
T»>»olvod   into  (.'<),,  methyl   io<lidc,  and   prolocr 

aui »  c,u,04  +  2tu,i  +  CO,.  ■'   ■  ' 
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c.n,(co,U).. 

\iy  iixiilni;<>n  of  mi^HrJ'Tt*'* 


Benzenetricarbonlo  Aolda,  <\fU^t  = 

Trimpsic  acid  (1:3:  5). — Ohlainiil 
'  uvitio  aiiid  with  chromic  acid  inixliir' 

glyci'rin  in  an  oil-bath  till  th)<  ni.iK^ 

toftcllu-r  with  CO,  and  bt-iir '  ••'  ■ 

1  loohydromi-llilic  a«id  with 

rallicr  uparingly  soluble  ill 
■  In  othor  ;  melUt  above  MXi^  (.'.  (6712^  F.;,  and  snhlin 
[tlon.     By  heating  with  cxccbb  of  lima  it  is  ri«olv«i|  i 

The  ethyiir  riher,  C,U,(C0,C,1I,)„  form*  long  ailhjr  prisma  iuhUiu  m 
>  C.  CIM.JP  F.). 

Hemimellillc  add   (I  :  2  :  3).  formed,  tnpwlhur  wfth  phlkslWl*' 
[hydride,  by  heating  hvilromollophaiiio  acid  (p.  927)  with '^Ipk 
lucid,  cryalallixiii  in  c<ilorliii!i  nredlnn  winewhal  aparini^ly 
III  iiieltK  at  mUmii  ]8.(0  c.  {:tti;;0  y.),  „,„i  j,  r.-n.lved  at  a  l. 
tiirw  into  phthalic  juihydride  nnd  bonxoic  acid. 

Trimel  title  arid   (1  :  2  :  4),  is  |>rodnei«<l.  tojt-tli.r  with  I...|M 
»eid  and  pynimrllitlo  auhydriile,  bv  heating  hydrei  t  i 

Btroni;  rulphnrie  neid,  and   Blinniinntly,  I^Sfth'-r  wi' 


lO'l     I  •  :  UjT 


Ported  into  tii«  MiJiyarld*.  r,H,0,  .  0<Q?J>C,ll,— 4  O.ll 


MELLITIO    ACID. 

Bl  trlcaibonlo  Add,  0,H,0,  =  C,U,(OH)(CO,n)„  in  fonm-d, 
f  wtlU.  pheuol-diuarboiiio  tu'iii,  by  liuatiug  80<liuu  salioylatB  in  a 
If  CArbon  dioxido,  and  Beparated  na  a  barium  salt  in  the  maiiitcr 
j^EBoribtHl  (p.  fllSti).  Tlio  Ir«e  acid  cr.vstnlljies  from  a  hot  coucun- 
Hoeoiu  Bulutiun  in  tljiok  prisms,  contuiuing  111./);  from  dilat« 
b  in  Doedles  with  211,0.  Hcatml  al«ivi-  IhtO  c.  (a.OtJO  F.),  it  in 
L  without  previous  fusion,  into  CO,,  idieiioldicurUmic  acid,  galioylio 
i  phnnul.  Thu  etiii/lic  tiher,  C,Hj(IJ,U.).0,,  foniis  long  needles, 
mt  8*3  C.  (183.20  F.). 


^ 


OrADniBABIC    ACID8. 


otetracarbonlc  Acids,  C,n,(CO,H),. 

I  are  three  puasible  modifiuatiung  of  these  acids,  all  of  which  have 
^uned. 

rjrromcl  I  i  tic  acid  (1  :  2  :  4  :  5),  is  obtained  an  anhydride, 
[  bjr  distillation  of  mcllilio  aitid,  or  )»-tter,  by  heating  smlium  mel- 
4th  sulphuric  aci.l :  C„H,0„  =  (  ,,11,0,  -f  2C0,  +  2H,0.  The 
|de  boilinl  with  water  yields  the  aeiii. 

tcUitic  acid  crystallizca  with  211,0  iu  prisms  slightly  soluble  in 
fcer, easily  in  hot  water  and  in  alcohol.  It  ijielts  at  2(MOC'.  (507.20 
I  is  converted  by  <liHlillatioii  into  the  tinhvdride,  C,„n,0„  which 
Irge  crystaU  melting  at  2HtP  C.  {r>40.8O  p.).'  The  salts,  C,»H,Ba,Og 
|I,Ca,0,,  are  white  iuBoluble  precipitates.  The  ethi/tic  tiher, 
|^.C,Hj)«,  forms  short  needles  melting  at  530  C.  (127.40  F.). 

pyromfllitic  and  laofi^ropyromrllitic  acids,  C|jH,5l\i^ 
j(C0,H)„  are  formed  ainiultan<'ously  by  the  action  of  sodium- 
IB  on  pyromellitic  aciil.  The  former  remains  on  evai>nrating  its 
t  solution  aa  a  very  soluble  mass.  The  latter  crystallizes  with 
Ivea  off  its  water  at  12(i<-^  C.  (2480  F.),  melts  at  about  2(Hlo  C. 
,),  and  is  resolved  into  water,  CO,,  and  tetriibydrophthalio  anhy- 
Both  acids,  when  heated  with  sulphuric  acid,  give  olT  CO,  and 
Verted  into  trimellitic  au<t  iMupbthalic  acids. 

hopyromellitic  or  Prebnitic  acid  (1:2:3:5),  is  formed, 
r  with  CO,,  trimciile  acid  and  niellophanic  aeid,  by  heating  hydio- 
iiydromellilic  acid  with  strong  sulphuric  acid.  It  crystallizes  in 
pt  largo  prioms  containing  211,0  ;  dissolves  easily  in  water,  and  is 
id  frond  ita  concentrated  solution  by  hydrochloric  acid  in  crystals  ; 
I  238°  C.  (4t>0.4O  F.),  with  formation  of  anhydride. 

IprrJmitic  acid,  pri'pared  like  byiiropyniuiellitic  acid,  is  a  gummy 
(solved  by  heating  with  strong  sulphuric  acid  into  CO,,  prebnilio 
1  isoplithalio  acid. 

lellophanicacid,  produced,  together  with  prehnitic  acid,  forma 
tdistinct  anhydrous  crystals  united  in  crusts  ;  melts  at  21fi-— 23!?0  C. 
IGO.40  F.).    With  sodium-amatgam  it  yields  hydrumellopUanic  add. 


^ 


IIBZATOMIO     ACID. 


Itlo  Add,  C|,H,0„=C,(CO,H),.— This  acid,  having  the  oonstitn- 
beniene  in  which  all  the  six  hydrogen-atoms  are  replaced  by  car- 
Iccurv  aa  aluminium  salt  in  mrllitr  or  honrif-Muitr,  a  mineral  found  in 


JNDIOO   ORODP. 


U  i>  soluble  in  wat«r  and  mlcohot,  and  cvrsUUiMi  b 
,  CMlta  whttn  liKstcd,  and  is  rcaolred  by  dtntnution  infai 
CO,,  w&trr,  and  pyromi'llitic  anlivdridt;;  by  hcatii. 
ami  lieii»enc.  It  ia  a  very  gtabiL-  acid,  not  being  di-.  , 
nitric,  iir  liydrifidic  acid,  or  by  bromine  ;  even  with  tUi-  aid  ol  ttcaL  M-l 
lilic  at'id  forms  acid  and  ni-utral  salu  and  ctbera,  whoae  coMpoahkm  ou; 
liti  illustratt-d  by  the  following  czaoipltai : 


\eulral. 
C„(N1I,),0„ 

C.Ba^O 


AtiJ. 

C„H,(XH.>,0„ 
C„H,K.O„ 

C„lV.XUu 


Ammonium  rovllltate  yields  by  distillation  paramide  and  eoehroie 
kold.  Tliu  foriiKT  ix  a  vrhitu  amorpliouK  suUitance,  containing  C„II,N,U, 
0".  «.,  tri-amiuouic  mullitatv,  •.'nHiCNH,)/),,  —  <ill,<J),  and  cnuTortJU* 
by  boiling  with  wator  into  acid  amiuoniuin  mellttal«,  EnrJtra 
C„H,N,(),  [=C„H,(NI1,),0„  — 4H,0],  forms  colorless,  sparingly! 
oryolnlii.  In  contact  witli  zinc  and  deoxidizing  agents  in  general,  it] 
a  dtMip  blue  iniiolublo  substanou  called  eucArone. 

Uyttriimrllitic  acid,  f"i,HuO„  =  C,H,(C0,H)4,  is  slowly  formM  by  the  i 
lion  of  »iKliuni-aiual),'au  on  ammonium  mellitatc.  Colorless  Ludiitind 
urystula,  ciktily  Holuble  in  water.  Si'xba»io.  Changes  slowly  by  lt««pin|,^ 
quickly,  when  licateil  to  18(P  ('.  (Siti^i  K.)  with  blroug  hydrochloric  arid,  ] 
into  i  au  li  y  d  romul  I  i  t  ic  ac  i  d  ,  C,^„0,„  which  crj-atallues  in  thick, 
hard  four-sided  priHius,  disBolves  readily  in  water,  and  is  pre<.'ipitat<d  fk<B 
the  solution  by  hydrochloric  acid.  Both  these  acids,  heated  with  itroiig 
sulphuric  acid,  yield  a  mixture  of  prehnitic,  mellophauie,  and  trime'  ~ 
acids. 

Ilydronietlitlv  acid  is  an  additire  oompoand,  in  which  the  double  lioli- 
Ing  of  the  nltcrnste  pairs  of  cnrlion-nlom.4  in  the  benzene  nucleus  is  lirokrn 
up  by  the  untranc<-  of  the  additional  hydrogen-atoms  : 


ro.H 

(•0,H— T— C^C— CO,H 

C-C— CO,H 

CO.H 
Hellltle. 


U 


co.H— t; — c. 

CO.H— C- 


H    CO.H  n 


-c— CO^ 


H    H    CO  . 
Bjrilromcllltle. 


A 


-CO,H 


INDIGO  GROUP. 

IiidiKoblno  nnd  iu  immiHliatc  derivatives  form  a  proup  of  bodie<  nesK 
related  Ui  tliu  beii».'ne-);roup,  0.1  shown  by  their  products  of  decximpoiitW 
(aniline,  orllio-amidolienioic  acid,  etc.);   but  their  constitution  cannot 
be  rcg«rdt«l  as  preciHciy  determined,  for  want  of  suffieientlv  delinile  modi 
uf  synlhflic  fornialion. 

Indigo-blne  or 
N — i:,ii, — CO — CH 


U- 


C,H,— CO— CU 


I  n  d  1  s  o  t  i  n ,  C,H,NO  or  C„H„N,0„  probab 
. — Indigo  is  the  prodaet  of  sercral  apadM  of  pUals  u( 


INDIQO-BLUE 


U>«  gonos  Indiyoj'era,  growing  iii  India  and  South  America,  also  of  Imtit 

■  ■ .  Cerium  tinrtohum^  f\tiiftfOnum  tinrJoriuin^  and  othtir  plantfi.  It  dotid 
-I  in  tln««e  ])laiiU  ready  -  formed ,  i)ul  ia  produce*!  liv  decomp<»8ilion 
..1  J  ^  ■  iii^oaidc,  <-':«ll,|Ny|,,  caUu<l  i  n  d  1  c  u  ii ,  wliioli  may  be  extraetml  from 
llieiu  liy  oi>ld  «li.ohi)l,  and  forms  a  brown  l>itt«r  syrup,  easily  solulile  in 
watrr  .tud  alcubul.  Tliis  siltMt&Uce,  wlien  boilu<I  witli  dilute  acida,  uriiub- 
jmtvd  to  the  action  of  ferments,  ia  resolved  into  indigo-blue  and  iudigluvin, 
t,li„t)4 : 

C,H„NO„     -f     211,0    =    C.HjNO    -f     3C.H,„0,. 

A  aubstani'e  Himilar  to  iudican  sometiui^  uveurs  in  urine,  and  gives  rise, 
by  ila  ccmrersion  into  indigo-blue,  tu  a  blue  cvloration  of  t)ie  liquid  when 
left  in  cuntact  with  the  air,  or  truate<l  with  sulphuric  acid. 

To  obtain  indigo  from  the  plants  which  produce  it,  the  chopped  leaves 

and  twiga  are  uiacerate<l  in  water  for  12  to  15  houre,  after  which  the  liquid 

■-  ■-..■■•>.,1  off  into  shallow  wooden  vessels,  and  frequently  stirred,  so  as  to 

as  much  as  possible  into  contact  with  the  air.    The  iuiiigo  thereby 

,  _         •  d  Is  separated  from  the  brown  liquid,  bailed  with  water,  and  dried. 

Commercial  indigo  is  a  mixture  of  several  substunces,  all  uf  which,  ex- 
cept indigo-blue,  are  useless  to  the  dyer.  Boiling  with  dilute  acetic  acid 
eztxauta  indigo-ijclatia ;  dilute  potash-lyo  then  exlrncta  iiiiligo-brnwn;  and 
the  rvsidue  yields  to  boiling  alcohol  inJlijoreJ,  which  reuiaiiis  on  evapora- 
tion ad  a  red  ]>owder,  soluble  in  alcoliol  and  ether.  The  residue  left  after 
boiling  with  alcohol  is  nearly  pure  iudigo-blue. 

Pure  iudigo-blue  may  be  obt.iiued  from  tbo  couiniercial  product  by  can- 
tious  sublimation  ;  it  then  rises  as  a  line  purple  vapor,  which  condenses 
in  dark-blue  needleji  having  a  coppery  lustre. 

The  beat  method  of  etlecting  the  subliitiatioii,  is  to  mix  1  part  of  powdered 
indigo  with  2  parts  of  plastcr-of-Puris,  make  the  whole  iuto  a  paste  with 
water,  and  spread  it  upon  an  iron  plate.  This,  when  quite  dry,  is  heated 
by  a  spirit-lamp;  the  volatilization  of  the  indigo  is  aided  Ly  the  va^ior  of 
water  disengaged  from  the  gypsum;  and  the  surface  of  the  maiis  becomes 
ooTered  with  lieuutil'ul  crystals  of  pure  indi^'o,  wiiieli  may  Iw  easily  re- 
moved by  a  thin  spatula.  At  a  higher  temperature,  charring  and  deoom- 
positiou  take  place. 

The  beat  method  of  obtaining-indigo-blue  is  to  reduce  the  crude  product 
to  indigo-white  by  the  action  of  ferrous  sulphate  or  glucose  in  alkaline 
solution,  and  then  reoxidize  it.  It  is  on  this  principle  that  the  dyer  pro- 
part's  his  inttiijn-vat :  5  parts  of  powdered  indign,  10  jiarts  of  green  vitriol, 
IS  parts  of  slaked  lime,  and  (>0  part^  of  water,  are  agitated  together  in  a 
close  Tesael,  and  then  left  to  stanil.  The  ferrous  hydrate,  in  nmjunction 
with  the  excess  of  lime,  reduci^  the  indigo  to  the  solnble  state ;  and  a 
yellowish  liquid  is  produced,  from  which  acids  precipitate  indigo-while,  as 
a  llix'culent  substance  which  alworlw  oxygen  with  the  greatest  avidity,  and 
becomes  blue.  Cloth,  steeped  in  (he  alkaline  liquid,  and  then  exposeil  to 
the  air,  acquires  a  deep  and  permanent  bhie  tint  by  the  deposition  of  solid 
insoluble  indigo  in  the  substance  of  the  libre. — Instead  of  the  iron  salt  and 
lime,  a  mixture  of  dilute  caustic  soda  and  grape-sugar  dissolved  in  alcohol 
may  be  used ;  the  8ug.\r  Iwtinmes  oxidized  to  formic  acid,  and  the  indigo 
redaoed.  On  allowing  such  a  solution  to  remain  in  contact  with  the  air, 
it  abeorfas  oxygen,  and  deposits  indigo-blue  in  the  crystalline  stale. 

Indigo-blue  is  said  tn  have  lKH>n  obtained  by  treating  liquid  nilro-aceto- 
pbrnone  (p.  892)  dissolved  in  chloroform  with  a  mixture  of  soda-lime,  and 
line  dust,  aooonling  to  the  e<)uatiun, 

NO^.H.-CO-^lI,J  2H.0       O.    _     ll_^^^_^ljj 

KitrowtcetophenoDe  (S  mnia).  IiKllroblue. 
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ISATIX. 


Bat  the  «maatlt3r  of  indBg^Maa  tbiis  obuined  is  slvaTS  vtrj  small,  urf] 
it  apftmn  to  ks  T«t]r  dlfloUt  tA  aaewtaia  the  prcoaa  cuoditiuiu  nodor  wbick 
lakMpiM^* 

i-wMla  ar  HjdrindlroHp    i"    n    v  n    ;.  — - -.;«sud  b,  hy- 
drKUorie  a<9A  fraB  iu  Alk&lii.  .tof(»aUul| 

«Mli  tke  mir,  u  •  white  ciystai.  _     llaweolorilj 

,  ether.  And  aUuli««.  It  a  ouuvcruni  iutu  iuiiigu-blue  bf  expMBft  j 
to  tbe  air.  aad  into  ioilol  hf  diatiUatian  with  tiuc-diul. 

Indigo-Salphonlc  Acids. — VTben  indigo-Une  is  bested  for  t  eoo- 
>  liaaa  mithtHmiktmti'  "f  strong  sulphuric  acid,  it  dissolTes.  tritk  j 

llpluuiic  aoiil. 

iC*-«*«Mllli>li*«ic  acid,  C„H,N,0,.SO,H  ( ^KZ/J^wrTwit j 
«r  l%mmirimn//itinit  arid),  »«parat«8,  on  diluting  th<-  s<>Uiti<in  willi  «>U-r,  [ 
as  A  Mae  powder,  soluble  in  pure  water  and  in  alrolinl,  but  iDsolnl>l«  lal 
dilate  acids.  Its  salts  are  r«d  In  the  solid  state,  but  dissolve  in  water  »iUi  j 
Uiie< 

tBdlco-disDlphooie   acid,    C„H,X,0,(SO,H),  (5«//Jl.Wip<Ki>  wl 
Stipkimdflie  aa<f),  remains  in  the  Altrati-  from  the  monoeulphouic  scul,uid4 
eaostitates  the  sole  prodact  when  IS  parts  of  sulphuric  a<'id  srx  aw<l  to 
diaaolre  1  part  of  indi){0.     To  separate  the  aiid,  cleun  white  wool,  pr<- 1 
Timtalj  boiled  with  solution  of  sodium  carbonate,  is  dipped  into  the  liqaid,! 
and  as  soon  ss  it  has  ao]aired  a  dark  bine  color,  it  Li  taken  out,  Kuba 
with  water,  and  boiled  with  ammonium  carbonate :  the  resulting  i 
is  precipitated  with  lead  atvtate,  and  the  precipitate  decompcaed  I 
drugen  aolphide.     In  this  manner  a  colorless  solution  of  bydrin^ 
tin-disalphonic   acid,    C,jH„N',0,(SO,H)„  is   obtained,  which,  i 
exposare  to  the  air,  is  qaickl/  nmverted  bjr  oxidation  into  the  disnlphonH 
acid  of  indigo-blue,  which,  on  evaporating  the  solution,  reui.ains  in  lit 
form   of    a   blue    amorphous    mass.      The   salts,   C,,H,N.O,(S<>,K),  aa 
C^U,N',0,(SO,?ta)^  known  in  commerce  as  indigo-caruiiue,  are  prepara 
on  the  lar^e  scale  by  adding  pota^ium  acetate  or  sodium   sul|>bnlA  to  | 
dilute  ^ution  of  indigo-blue  in  anlphuric  acid,  washing  the  I  ' 
tate  with  solutions  of  the  same  salts,  aud'pressing  it.     'lliey  f 
colored  masses,  blue  in  the  finel/-divided  slate,  and  dissolviujj  »  nu  luus' 
color  in  pure  water. 

ro_C(OH) 

Isatio,  C.HjNO,  =  C,H,<:^    ^  .  is  obuined  by  oxidising  in- 

diRO  with  chromic,  or  better,  with  nitric  acid.     Powdere.1  indigo  is  mix 
with  water  to  a  thin  pa-tte,  heate<l  to  the  boiling  point  in  a  large  cajauV 
and  nitric  acid  is  a.lded  hy  small  portions  until  the  blue  color  disappeatsl 
the  whole  is  then   largely  diluUjd  with    boiling  water,  and  filtered.     TlT 
impure  isntin  which  separates  on  cooling  is  washed  with  water  containin 
a  little  ammonia,  and  recrysUlliied.     The  process  requires  careful  mar 
ac.inent,  or   the   oxidising   action  proceeds   too  far,  and   the  prodact 
de(*troy«Hi, 

Isatin  forms  deep  yellowish-red  prismatic  crystals,  sparingly  solnble  i 
cold  water,  freelv  in  "boiling  water  and  in  alcohol.  The  solution  colon  U 
skin  yellow,  and'  causes  it  to  emit  a  very  disagreeable  odor.  Isatin  whe 
hente<i  melts  and  sublimes,  with  partial  decomposition.  It  nnites  with  i 
sulphites  of  alkali-metal,  forming  crystalline  compounds.     It  dissolTrt  I 

•   Eromerl  i  nK  and  Engler,  Deulaoh.Cbem.  Oes.  Bcr.  Is.  USS;  Cheia.  Sor 
Journal,  1877,  I.  in. 
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mikalirs,  forming  violet  solutions,  frori)  whicli  ailvvr  nitrate  throws  down 
a  ml  prtrcipitAto  of  C,H,AgNO,.  On  builiug  these  soliitiong,  the  isatiu  is 
c«nv«rt«I  into  isatic  aciii,  and  the  color  changes  to  yellow. 

batin  is  converted  by  nitrous  acid  into   nitruxa  1  icy  1  ic   acid.     Dis- 
UlltHl  with  strong   potosh-Kulution  it  yields    aniline.     On  heating  it  to 
'  C  (17iP  v.),  with  phoxphorus  trichloride  and  phosphorus,  di^sulring 
pnxluct   in  water,  and    leaving  the  solution   expose<l   tu   the   air  for 
renty-four  hours,  it  deposits  indigo- blue. 

CUorinulal  and  DromintUeil  derlvulivet  of  Italin  (mono-  and  di-),  e.  ij., 
Cyi^ClNO,,  C,H,CI,NO,,  etc.,  are  forme<l  by  passiug  chlorine  or  hrouiiiio 
iDto  the  hot  aqueous  solution  of  isatin.  These  eoinpoumls  crystallize  well, 
and  are  converted  by  fusion  with  potash  into  substituted  anilines  ;  e.  y., 

CjU^C'lNO,    4-    4K0U    =    C.lI.Cl.NH,    +     2C0,K,    +     H, . 

|*atin  boiled  with  amnionia  yields  amido-derivatives,  which  have  been 
%at  little  exaiuiuiHl.     Uy  reducing  agents  it  is  converted  into    isatvde, 

last  i  nsu  Iphonio  acid,  C,H,NO,.SO,ll,  fornie<l  by  oxidation  of  in- 
digotnlphonales  (indigo-carmine),  is  very  soluble,  and  crystallizes  with 
dlfleulty:  it  forms  derivatives  analogous  to  those  of  isatin. 

laatyde  or  Uydroisatin,  C,U,NO„  is  formed  when  iaalin  is  wanned 
Vitii  dilute  sulphuric  acid,  or  when  its  warm,  saturatnl,  uleoholiu  solution 
i*  mixed  in  a  oloseil  flask  with  ammonium  hydrosulphide,  the  liquid  then 
nadaally  depositing  thoisatyde  in  colorless  crystalline  scales.  It  is  taste- 
baa.  tiiHolable  in  water,  slightly  soluble  in  alcohol. 

T'Aiouo/yi/c,  C„I{,,NyS,0„  is  formed  ou  passing  hydrogpn  eulphiile  into 
m  alooholic  solution  of  isatiu,  and  is  precipitated  on  dropping  the  llltenKl 
iolatiou  into  water.  It  is  a  grayish-yellow,  pulverulent,  iiiicryAlallizable 
lalstouce,  which  softens  in  hot  water,  and  dissulve><  in  iik'oliol. 

Indin,  C,,n,.N,0,  (isomeric  or  polymeric  with  indigo-Uue),  is  formed 
on  triturating  lliioUatyde  with  potassium  hydroxide,  gradually  adding 
almbol,  and  washing  the  reiidened  mass  with  water ;  also  by  bt)iliug  a 
solution  of  dioxiudol  in  glycerin.  It  is  a  crystalline  powder  of  a  fine  rose- 
oulor,  insoluble  in  water,  slightly  .soluble  in  uU'ohnl.  It  dissolves  when 
beat«d  with  alcoholic  potash,  and  the  solution,  ou  cooling,  deposits  potas- 
sium-indiu,  C,(H,KN,Oj,  in  small  black  crystals. 

Isatlo  Aoid,  or  Trtoxindol,  (',H,NOj. — The  violet  solution  of  isatin 
in  ix>taah-lye  turns  yellow  when  heated,  and  then  ixintains  ;<o/<ij«iii«i  isnlulr, 
C,U,KNO,,'which  is' deposite<l  on  evaporation  in  yellow  crystals.  This 
■alt,  deoimpocHid  with  an  acid,  yields  isatic  acid  as  »  while  powder,  soluble 
in  »atef,  and  resolve<l  by  heat  into  isatiu  and  water. 

Hydiindlc  Aold,  or  Dloxlndol,  C,H,NO„  is  formed  by  the  action  of 
todluui  on  isatin  suspended  in  water,  or  dissolved  in  an  alknii,  isatic  acid 
being  first  formed,  and  then  reduced.  It  crystallizes  in  yellow  priBms,  ii 
soluble  in  water  and  in  alcohol,  and  forms  crystalline  cominnindB  ls)th 
with  ba««  and  with  acids.  It  melta  at  18(IOC.  (;15U<-  K.),  and  deconijKWi-a 
at  la-'iC  C.  (.3830  F.),  with  formation  of  aniline.  The  aqui-ons  solution 
turns  red  on  exposure  to  the  air,  from  formation  of  isatin  :  when  iK.ibil 
with  ammonia  it  turns  violet.  Metallic  salts  added  to  the  solution 
llirow  down  crystalline  compounds,  snch  as  ('„H,AgNO,  and  C',HjPbNO, 
+  U,0. 

Uiozindul  treated  with  nitrons  acid  in  alooholic  solution  is  oonyertM 


I 

( 


Itacittit 

.:^.  «^   ?   .   i»i»vxa.  ?«^=iif.   <iinMtfM.iiiii   a<  aboM  MSaC 
'9~''^    •    .    -  ■..s:.i:st   a.  i  T-kmni  vxairqa  AxK^kyoKtM*.  aal  <li*tiU 

'.-  -  l.-.i^  x-Tir  rta-r  .-s  -ja»r  :vu-o  a  af»l  *UT:=:e  avvst^aRl  wiik 
1  -  J-  1..  r^  ».••;.  u— 7  •ui'^— -— t.  ;■»  i>:i.i:n.-a  ke:i=lk:«4  with  hrdro- 
•;.  -  .,  .  »  -u  r-t  ■»*— "fi  i^  5«  Ohn.  L3L  i^'^TV.  TVr  rvd-luh  ool'*- 
t:  2  I-  ..i-i-i"  7r»:.i.~-t  '.- -f-Tx.  Ti-r  r-i»»rt».  Ibi-4  fajmi  with 
T^^i*-:  =■   ■  !i— ••".r-t  Ji ".'    v'  ''»    jc  <;*;ijr  lir.'ifi  \\r  a«^ am  of  <ic11h>- 

tnis-  i  ~-^' «-"    iiaa.-r7  n'   ajii:p.-:tiif- 

Ti"  '  .-Ti  1-1. n  If  la-I—iif  r-iin.  Jia«.  *ii  r:»  sir;*  Lj- iroxTl-dniTatirei, 
ir  -risivii  T--U.  v:isa.  U)i  'Uir-^  .-<  aT>r».e  ^u-  a::;thraa>Iic  and  nitpc 
«.:■  — .'  h  j»  >:=■  -■•-j-i.".;'i  iniLvS'  o.  »-.;i.  z-'n-*;  a<>i.  «boT  that  in  tbt^ 
>•:.•—  .1-  T-ii"  1— 1 1  .— IS  "^iE^  »  :_^«>-r;  T  ;.ik-l  :.■»  »\»tS -n  and  to  Ditnv 
r-'i.  tJ'i.   "-!.»-"   "J"      H  rr..i.;»  ir<-  K.:ii:-ii  ii.  :i.-  Uvr&I  rhaia*.    Thrj 

c,      ^ 


.-.-=.< 


•--•-  '-c; 


ladoL 
CH>.H).C(OH)  C(OH)^r(0Hi 


OL.»ft^ 


Trtoxiadol. 


^'t  f-<=M>:-a  of  aathraiulic  (1  :  2  amidobramic)  add  ahcnra  farther  thai 
t^T  Uirfal  <Lain*  ia  tbe»e  compoands  oocapjr  oontifrnoiu  places. 

I»kx  it  thcfvfM*  aa  ortho-cnmponnd.  An  iioaierio  compotmd,  wkick 
ka*  a  hirlirr  m^tiBic  point.  ^9Q-9I3  C.  (192.20-195.80  F.),  and  doaa  art 
jMd  iDdifo-biiw  whien  tr«at«d  with  oaoiM,  ia  Ibnnad  by  beating  alboai* 
with  vsom  of  potaMiom  hydroxide. 
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ke  oomp<^UQds  of  this  gruupi^uiitniu  two  'ir  iiioro benzene-naclei,  onitei 
tr  (JirtM'tly  ur  through  the  uieilium  uf  other  varhuii  groups. 

Ijdrooarbons,  C,H^_„ : 

HC— CH  HCrrCH 

/       \  /        \ 

ipbenyl,    C.jH,,    =    C.Hj.C.Hj  or      HC  C ::  CH  .— 

\      ■if'  %       •/ 

HCV^H  HC— CH 

lite  hydrocsrijon  is  formed  ;  (1)  By  piiflsiiig  iK'iijcup-Tnpor  tlirough  a 
Ml-hot  tulw  containing  fragments  of  pumice  r  2l'»H,  ^  ''ijH,„  +  H,. 
his  is  the  Ix-st  method  of  preparing  it,  the  yield  aiimuuting  to  about  30 
er  cent,  of  tlie  lienieno  usmI. 

^S)  By  tlie  action  of  sodium  on  bromobcuzune  (phenyl  bromide)  dis- 
Bed  iu  ether  or  beuxene  : 

■  2C,H5Br     4-     Na,    =     2N;iBr     +     C„H„ . 

^p)  By  heating  a  niixtureof  jxitassium  pbenalcaiid  tx-ninate  or  oxalate, 
»)  in  small  quantity  (together  with  beuzeue)  by  heatiug  benzoic  acid 
ilti  lime. 

I)  Together  with  other  products,  by  the  action  of  alcoholic  potash  ou 
tie  of  diazobenzene : 
pb 
IS  I 


1^ 

I 


2C,H.N,    +    c,n,o    =    r.,n,„    +    CJI.O    +    2N, 

DlAZODeo-  Alcohol.         Dlpnenyl.         AlUcliyde. 


zene. 


onoehlaruiUphnntil ,  C„I1,('I,  formed  by  the  aelion  of  PCI,  on  nxy- 
Ipbenyt   (C„H,.OH),  forms   colorless  crystals  melting  at  75°  C.  (ItiTO 


L 


jih«snyl  appears  also  to  be  one  of  the  constitnents  of  crude  anthracene        i 
951),  and   passes  over  iu  the  distillation  of  that  substance  at  about 
aio  C.  (.'.(Kio  v.). 

Dipbenyl  erystallizes  from  alroho!  in  iridescent  nacreous  scales,  melts  at 
bout  70.r)C'C.  (ir>8.90  K.),  sublimcH  at  a  liii;lier  temperature,  and  Ixiils  nt 
Ijp  C  (•1#9.20  F.).  When  dissolved  iu  glacial  acetic  acid  it  is  oxidized 
Klirouic  anhydride  to  benzoic  acid, 

H^benyl,  snbjeuted  to  the  action  of  halogens,  nitric  acid,  and  snl- 
Enrio  acid,  yields  mono-  and  di-  sulwtilution-derivatives.  In  the  former, 
ich  as  C„llJBr,  C„H,(.NO,),  C,jll,(Snjll),  the  substituted  radicles  htand 
1  the  place  of  junction  of  the  two  benzene-nuclei  in  the  para-|>usition. 
he  di-derivatives  are  known  in  two  isomeric  mtxlificntioiis,  the  moat  fre- 
aent  being  thoso  in  which  lioth  the  substituted  groups  are  iu  the  para- 
[isition  relatively  to  the  point  of  junction  : 

|<Z>-<Z>  ''<Z>-<Z>    M 

^r  Honobromodlpheoyl  Nllro-bromodlphenyl  ^^^| 

■  (iiarA),  (prirK-para).  ^^H 

y^  oxidation   with    chromic   anhydride,  the   monosubstitutcd   dipbenylg^^ 
idd    para-derivatives  of  benzoic  acid,  the  group   (',11, Br,   for    example, 
eing  oxidized  to  (1  :  4)  bromolmnzoic  acid,  while  the  other  group  ((',11,) 
broken   up.     The  di-derivativi-s,  on  the  other  hand,  are  ei)nverle<l  by 

ation  into  two  para-derivativi-s  of  benzoic  aiid,  r.  7.,  C,H,(N<),).C,ll,Br 

jhtixtTo-  and  ;i-bromol>enzoic  ncid. 
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F.)-    DiMorodiiJiengl,  C„U,CI„  from  bonzidine,  mclu  at  14t<o  c.  (-  -  i 
F.). 

liromodipltenyl ,  C,,II,Br,  foniis  lamins,  tm-IU  at  S&O  C.  (ISiJ 
bviU  at  31(lO  C.  (S9*P  F.).     C„ll,Br,  forms   prisma    multiaK  &>!':• 
(327.2U  F.)- 

Cfiinodipheni/I,  C„H^CN,  obtained  b;  iry  dUtilUtinn  nt  a  arfititf* 

of  (lipben,vl-moiiu!iulph(>iint<<  and  v.r»niiltf  (if  p<>ta4aium.  i' 
Iwjs  crj-sUle,  lui/ltiug  al  84Q-!<5Ci  c.  (ls3.LVi_lb.VJ  K.>,  ii. 
easily  soluUle   in   aluoliul.     OifyuHith-'   ■  -■'    '"    'I  ''  v> 
iiiannvr   from  diplioiiylitixnlpliotiir 

molting  ttt  ;J34'3  C.  (403.'J^  F.>,  spari!!^;         i   _   . 

alcohui. 

SitroHiphfnyl,  C„H,(NO,).  crystalluea  In    -      '• 
(2X1. iP  K),  boiUttt  34(iOc.  (044'-'  F.).     An    . 
Iiy  diHlillin^  culi^ium  inola-nitiolx'ntialK  witli   | 
8110  r.  (18t}.»OF.),  aowrdiiig  to  I'fatikueli.  at  i 
iug  Ui  Soliultz.*     Two  t/fniVfo-ci)/«/>ou«</»,  C'|,llj(  .- 
tion  of  fuming  nitric  ncid  on  dijiln-uyl  ;  tliv  I>^h  i><>1uU<-  iu  a 
two  melu  at  2i30C.  (41.'i.4"  F.),  and   boiln  34()0  c.  (0440  K 
soluble  (^v-nipound  melts  nt  Wi.lf>  C.  (:ZUl).aO  p.). 

A  in  ill  (III  i/ihr  II  t/tt  nrc  formwl  by  the  reduction  of  ttiif 
with  tin  and  liydrot'hlorio  noid. — Xriii/lumini',  <',,ll,f ' 
hot  watur  or  alcohol  iu  colorless  Inmiiun  midling  at 

Rvntidino,  C,,U,(NH,),,  is  aUo  produiiil  by  tho  n< ' 
moiiobroinnniliou,  and  by  nii>l(>rular  tran^iHisltloii  of  t' 
oonliua  Willi  aciils  (p.  tiSi);   Oirthor,  by  boating  a- 
hydrochloric  ncid  to  1150  C  (239^'  F.),  and  by  pa<?- 
holiu  solution  of  that  oompouiiU: 


n'tr- 


+     2H,0    +     80, 


so.n,  + 


c,H,— im, 
c,n.— N«, 


n(<nxi(lini>  rrTKtalliKti  in  silvery  Inminv,  rasily  »o1nM<<  in  hot  watiruul 
alcohol,  nicltin'p  at  118°  C.  (244.40  F.),  ami  iublimlDs  with  jArtial  <1»- 
compoHilinn.  It  is  a  biacid  bnnn.  Th«<  fyJj'haU,  C„U„N,.SO,ll,,  b  Bi*rl» 
initolublo  In  water  and  abvhol. 

Dlphenyliinidc   or  Carbaxol,  r,,H,N,  in  fominl  by  [>a«ainf 
vapor  of  aniline  or  of  dipheDylamlno  through  a  red-hot  tulw : 

cn>'"  =  Ih>""  "■   "•• 

It  ocCTirs  In  coal-tar  oil  (32tV3-36no  C..  «()8CM180O  F.).  *»«!•••  b3f«^li*B«ln<' 
in  the  niannfaotnro  of  aniline. 

Tarbatol  rrvBt«lli«cii  in  vhinini;  lamlnir 
Iwnnonc  ;  mel'ti  nt  2'^oo  r.  f4rtn.4'^  F.)   ai.  ' 
CTIOF.I.     It  .1 
chanei>d  to  i;r' 
JfOUnd  whIlTh  cry^.i.Tin^r^  III  r<''I  im'«''H'-»  iii'-iiiti'j    h    j--      »  -    ■ -■ 

AcrMlnw,  C„n,N,  lnomoric  with  carhaiol,  UVf-wliw  o<wqr»  In  i 
on,  and  may  Im  nxtrailnd  by  Bul|ihiirlc  acid  from  the  (Hirliun  ba(Un( 

•  I.lcblK'a  AnR*l«u,  «Uxlr  *9l ;  J«ht««b«r»ff!!'  !>•  <•>,••->..   ,^ 


a  n«i 


DIPBKNYL-KTUANB. 


935 


in  320O  C.  {6090  F.)  and  360O  C.  (680O  F.)  •  H  forms  rhombic  crystals, 
if  »olut)l<;  in  aloohul  unci  ether,  melts  at  107<^  0.  C^'Sl.iiO  F.),  suLliuifg 
la  broad  ui*edlt»  at  lOOO,  boils  al  a  temperature  above  SUOO  C.  ((iSOO  F.J. 
It  anitea  with  acids  (rarbazul  does  uut)  forming  salts  which  are  decom- 
posed bjr  boiling  with  a  lurge  quantity  of  water. 

Uipktnyltu. phonic  aciJt,  C„H,(SCijH)  and  C|,H,(SOjH,),  are 
bnmKi  by  heating  dipheoyl  with  strong  snlpliuric  acid,  the  Tormer,  how- 
erer,  only  when  a  very  small  quantity  of  sulpliuric  acid  is  used.  The 
4isalpho-acid  crystallizes  in  long  deliquescent  prisms,  mcltiug  at  7*2.50  C, 
(161. tJ*-'  F.).  These  acids  fused  with  potash  yield  the  corresponding  phe- 
DoU,  C„U,(OU)  and  C„Hj(OU),. 

Hydrocarbons,  Cyll,, : — 

Phenyl  tolyl,  C,Uj.C,H,.t'H„  is  formed  by  the  action  of  sodium  on  a 
ure  of  bromubouitene  and  parabromotolueue  diluteil  with  ether.  It  is 
lorless  liquid  of  specific  gravity  1.015  at  27'^  (SO.tjO  F.),  boiling  at 
■iti'o  c.  (505. 40-5 li-ti"  F.),  solidifying  in  a  freezing  muLture. 

Dipbenylmethane,    C„II,, ssC,Hj.CH,.C,H,    (Bemgl-bemene),   ia   ob- 
tained by  heating  a  mixture  of  benzene  (ti  parts)  and  benzyl  chloride  (10 
I  partd)  with  zinc-dust  (3  or  4  parts)  in  a  vessel  with  reversexl  condenser. 
Colorless  crystalline  moss  made  up  of  needles,  and   having  an  odor  of 
1  oranges  ;  melts  at  20Q-27'-' C.  (78. S^bO.OO  F.>,  IxiiU  at  2i;  10-2til,'0  c.  (501  .(,Q- 
'  503.t?3  F.);  dissolves  easily  in  alcohol  and  clher.     l'asse<l  through  a  re<l- 
hot   tube   it  yields  diphenylene-mcthane,  CjjHjj.     (.'bromio  acid  mixture 
oxidizes  it  to  diplienyl  ketone,  CO(t.'(llj)j.     It  dissolves  in  strong  nitric 
•oid,  forming  two  dinitro-derivatives. 

Dipkengl-rUoromethane,  CjHj — CIICl — C,n„  formed  by  the  action  of  HCl 
on  beuxhydrol  (p.  940),  is  a  crystalline  mass  melting  at  143  c.  (57. 20  F.). 

Hydrocarbons,  C,,H„  : — 

r.H..cn, 

Ditolyl,    I  ,  prodnced  by  the  action  of  sodium  on  parabromnto- 

l',H,.CHj 
Idpup,  forms  iiionoclinic  crystals,  easily  soluble  in  hot  alcohol,  m"lting  at 
i  lato  C.  (349.i>0  F.). 

Dfbenmyl,  ^  C,Hj.rH,.rn,.rjH.,  formed  by  the  action  of  sodium  on 
bi-niyl  chloride,  and  by  heatiiii.'  atiH)enc,  tolane,  Iwn/oin,  deoxylx-nzoiM,  or 
toluylene  hydrate,  with  hvdrindic  acid,  crvsl.illizes  in  largo  colorless 
prif.nM,  melts  at  520  C.  (12.'i".tP  F.),  boils  at  2840  C.  (543.20  F.);  dissolves 

,  Mstly  in  hot  aloohol.     HpAt<>d  to  500O  C.  (9320  p.)  it  yields  stilbene  and 

1  tolnene:  SC,."" 


:C,.H„+2C,H. 

DIphenyl-ettaane,  rnn|,=  (r,TTO;fn — CU,,  is  formed  by  the  action 
inf  snlphnric  aiid  on  a  mixture  of  paraldehyde  and  Wnzene  (2r,H,4- 
,r,H,0  — n,nr=r„H,,).  rolnrlws  liquid,  boilinp  at  2r>SO_270Or.  (514.4Q- 
'  51SO  p.),  .•lolidifying  In  a  fre<'zing  mixture  :  oxidized  by  chromic  acid  mix- 
I  tnre  to  benzophenone. 

A  mixtnre  of  2  mol.  benzene  and  1  mol.  chloral  or  bromal  with  strong 
unlphnrir  acid,  yields  in  like  manner,  di  phenyl  triohloreth  ane, 
fr,H^).rH— rn,"  (mlorless  Inminjp  meltin?  at  f>40  C,  147.20  F.),  or  d  i  - 
phenyltribromethane,  (C,n5),rn — TBr,  (nionoclinic  erystals,  m.p. 
I  WO  C.,  132.20  F.).  A  mixture  of  Itenzene  and  diehlorethylic  oxide, 
j  (C,H,C1),0,  similarly  treated,  yields  <li]tlirnt/l-monncMoretkane,  (C,Hj),CH — 
CB,Cl,  as  an  oil  which  decomposes  when  distilled. 
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11    (11    ill 


M^     Kv    v\A*^ln^ 


Benftyl-tolaene,  r„H„  =  C,Hj 

viii)-;!'  "I  p.'iiiiiiliiiivl-iulyl  kcti'iii.'. 
<liul,  is  »  lolnrUss  li4Uiil  Ixiiliiig   . 
Bolidlfjring  "t  — 2«o  C.  {-^o  K.). 

Hj-droc»rbol)8,  C,jH,, : — 

Ditolyl-methana,  C,U4<^n^ ,.  |,  _^.,j  .  formud  by  Ut«  aetfaa  i 

ftulpliiirio  acid  oil  a  uiixturo  of  mi'llivUI,  CU,(OCU,),  (p.  500).  tolqi; 
aud  gliuual  aoctic  arid,  is  a  liquid  not  «..lidifyuu  .•     ••    ,|-- 

IxMliiig   »l  21tl»0  C.  (r.MO  K.).— <',sllu"fr  t,.riu»   1.- 
115^  C.  (23l»'2'  v.). — t-",4U„(N0J„  (oriiiB  oolorlew  itj. 
C.  (327.2^'  P.). 


I 


i'«i»6f  1 

iitf  at: 


Dlbenzyl  methane,  Cjllj.t'H,.cn,.C,nj,  from  lii' 
ing  Willi  HI  mid  pluHpliurua,  ia  a  Uuu-sulldiUdlil«  I. 
30(lO  r.  (5f>40_j,720  v.). 

Boiityl-ellivl  lfiii<;iie,   C,H,.CH,.C,H,.C,Hj,    from  lwn«jfl  rhlurMl*  ^ 
l>en»L-iK>,  ix  a'oolorloss  liquid  boiliH(5  at  204-21150  <;.  (Stil.UQ-MaO  K.).  ' 


Ethyl-bensene-tolaene   or    Phenyltolyl-«tbaae, 
CH,.t:il<^!«[}''^"»,  formed  by  beating  bromelb/l-bcniviup  (p.  837) 
totuone  with  sino-duilt,  ia  a  Uquid  boiliug  at  ■ilSH-OiiOO  C.  (332.4a-M«>ri 


TIvdrDcarboiis,  C„n„  : — 


J 

hAtJM 


Ditolyletliane,  (11,— ('l|(r,l|  CHO,.  obtAlned,  likf  dtphcnxUll 

from  paraldehyde,  toliioni*,  and  fiilphuriv  acid,  ia  n  I  in(  al2M^ 

2»8t)  C.  (5«:KIi-568.4>J  F.).  no'  soliiilfyitig  a!  — 30O  .  .). 

iSimilnrl/,  by  thi<  uso  of  rliloral  irislrad  of  paritii' i^xi",  fa  «bCUo«< 
CCI,— (.:H(C,H,.CII,)j,  in  crv«l.ils  ni..|tii.K  at  HIW  c.  (IKiao  F.>;  uti^tHk 
dichloruthylio  oxide,  CU,CI— CU(C,H,.C1),). 

C,H,.cn.CH, 

rtHytn.cn.' 

Bodiuiii  on  sii'ondarv  ph«Miyl-«thvl  ohiorida,  C,H..CIlCI.CUi  (p.  MS),  ( 
noodlua  luoltiug  at  123.50  C.  (2&4.30  p.). 


Dlphenyldlmethylethane, 


obtitiDed  bf  tbs 


C  H 
DIphenylene-metliano  nr  Plaorene.  r„n„=  |'   *""|>rtL.tol 

c.n  ■'''^ 

by  hoatliig  diplH-nyl-ne  k.-tonn  wit)i  rinc-lui.t  or  with  llrdrindle  aeU 

amnrphoiiK  phoaphoruit  to  ICCW  (\  (32lX3  P  )    f'    ■ 

diphiMiyl-mpthaiie  tiiron^-li  a  n^i-'hot  tube.     I  ,w 

of  coal-tar  oil  boilins  at   SOOCuSnso  c,    (T>T^ 

from  hot  alcohol  in  colorlms  I«min»,  rxhibTlitig  n 

•woemv  ;  mclta  at  nys_tifl-3  r   C":^?  flo."-^'   p  p  i 

P.)  ;  unitt^s  with  j.i, 

n<<<Mlli>3  rai-'ltine  at  ^ 

mipa.id  mixinro  it  ri.,,!.  .i,,.li.t.>-l.i., -k.Umr.  i:()(C,II.-(:,Il,>. 

Dlphen  ••'-*>■■ 

"lolinio  ' 
gpthpr  n 


««^n^     f     tl      c*  ti   //•*  rr  ■ 
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Vnxene  thrnngh  red-hot  tub«s  :  hence  these  two  iHomeric  oonipoundit  nr»| 
lobloiiKNl,  OS  »nconda.ry  products,  in  the  preparation  of  diphtiiiyl. — UipUe* 
Byltieuxoni;  forma  groups  of  ncedlni  slightly  soluble  in  hot  alcohol  niidl 
elher,  meltini;  at  21I50  C.  (4010  F.)i  aublimiug  easily  and  boiling  at  -MMO  I 
C.  (7o"JO  p.).  By  chronjio  anhydride  and  glacial  acetic  ncid  it  is  oxidinedJ 
to  di|>h<-nylcarlN>nio,  and  afterwardH  to  terephthalic  acid. — fatHli/ilinii/t  br.n^\ 
mit  melta  at  S50  c.  (1»50  F.),  and  boils  at  alxnit  3t)0O  c.  (OmP  ¥.). 

Tiipbenyl-methane,  C„II„  =  r,H5 — riI(CjHj)„  \»  formed  by  heating 
benial  chlomle  to  ISlKJ  C.  (302O  K.)  with  mercury -diplieuyl  : 

Cl^.CHCI,    +     (C,Hj),Hg    =    HgCl,    +     q,IIj— CH(C.Hj), : 

also  br  heating  benzhvdrol  (p.  940)  with  benzene  and  phoapborio  anhy- 
drido  to  14CI0  C.  (2840  K.)- 


(C,Hj),CH.OH    -f-     C.H. 


(C.H.),CH(c,rrj),   +   H,o. 


Fliining  lamins,  melting  at  !)20  C.  (197.60  p.).  Idling  at  alwut  360O  C. 
( ,,-i>j  F.).  Bv  brouiino  and  water  it  is  courerted  into  Iriphenyl  carbinol, 
«.lueh  melts  a"t  1570  C.  (314. 60  F.). 

ToIyl-dlpheDjl-metbane,  C„H„  =  ((',Hj),CU — f:,H, — CH,,  prepared, 
like  tile  prece«ling,  Irom  beiuhydrul  and  toluene,  is  a  colorlesii   liquid  uf  ' 
high  boiUng  point. 


I 


Trtphenyl-benEene,  CmU,,  ^  C,H,(C,Hj)j,  obtaincNl  by  heating  aoeto-  I 
pheoone  (p.  ^Hlt)  with  pluMphorio  anhydride,  forma   large  rliouibiu  crys- 
tals, melU  at  16.40  C.  (33«.1.'0  F.>,  boils  above  3GUO  C.  (0800  F.),  dissolves 
easily  in  alcohol  and  iu  Ix-nzene. 

Tetrapbenyl-atbane,  C„H„  =  (C,I!j),CH— CHiC,H,)„  obtained  by  the  \ 
artion  of  ziue  on   a  boluliim  of  benzhydrol,  (",IIj.ni011.t'jHj,  mixed  with 
F  fuming  hydrochloric  acid,  forms  large  prisms  melting  at  209<3  C  (4(I8.20 
v.). 


Kthene-derivatives. 

Dlpbenyl-etbene,  C,,H„. — Of  Ibis  hydrocarbon  there  are  two 

cations,  syiumetriial  and  unaymmetrical. 

1.  Slilhgne  or  Toluglene,  C,llj — rn~ClI — C",I!j,  ia  formed  in  a 
Tarinty  of  reactions,  vapecially  by  dry  diatillntiun  of  benzyl  sulphide  or 
I.-iilphido  (p.  882);   by  the  action  of  aixlium  on  l>enzaMeliyde  or  beiual 

'  iii   ihle;  and  by  passing  the  vapor  of  dibenzyl  or  of  toluene  over  heated 
:    I  I  iixide.     It  ia  moat  eatiily  obtainoi  from  l>enzyl  tiulphide. 

-Mllwne  crystallizes  in  large  laminir,  dis.iolves  ca.sily  in  hot  alcohol, 
III.  IIS  at  I250C.  (2r)70  F.),  distils  at  30«o_3(i7O  (•.  (r.82.8O-5s4.0O  F.). 
By  heating  with  hydriodic  acid  it  is  converted  into  dilienzyl  ;  by  oxidation 
with  chromic  acid  mixture  into  benznidehyde  and  benzoic  acid.  It  unit«<ai 
with  bromine,  forming  C„H„nr,  (crystals,  melting  at  23(lO  C,  44(iO  F.), 
wliicb  is  al»o  produced  by  the  aetion  of  bromine,  without  uooliiig,  ou 
dit>enzyl.  By  alcoholic  potash  this  bromide  is  converted  into  brouewtil- 
bene,  CuH,,Br  (crystals,  ni.  p.  2.')0  C,  770  F.),  and  tolane. 

2.  Itott  illirnr  ,  CH, -C((',Hj),,  Mn»yirimf/ri>  (/I'/p/rfiir/ZwAcnc,  obtained  by 
boiliniE   diphenyl-monochlorethane    (p.  OS.'i)   with   alcoholic   pntash,    is   a 
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iIotIow  non-solidifying  oil,  which  hoils  at  277°  C.  (530.QO  p.)^  tad  It 
ivertod  by  oxidation  into  diphc^yl-ketoiie. 


C(r,n,),.  olitainad  bjr  Ok 

Mil-    i-iilorulr.    afMl^  llM<Jl*ff 


Totraphenylethone.  C„n,  =  (C,U5),C 
"«ctioii  of  finely  iliviilod  silver  on  Ix-iii'icOw 
with  diphenyl-metliane,  and  other  1 

noMM  with  lino-dnst,  is  m  white  cry-  j»t 

(429.8<3  F.)i  Bpariugty  soluble  in  aluuUul  au<I  t:Uii;r,  wuilj  ut  be 


N 


Tolane.  C,.n„  =  C.Uj— C=C— C.H,.   : 

b»iliii>t  lilillx'iit^  liruuiidv  with  iilvuliollc  pi't 

ilig  at  IKIO  C.  (14t»  F.I,  oiLsilv  soliibli-  in  ii! 

Iil'.rf..midi-s,  Ci.HioBr,  (ni.  p.'MO  c.,  WT.'ja  K..  ainl 
1<'lo  K.),  cosilv  ctinviTlil'lo  one  Into  tliu  other  ;    aoit 
p.  ti30  and  lajo  C,  145.40_3ti7.4C  K.)- 


PktnnU. 


C  If   ^^''  «'     "f? 


Ozydiphenyl  or  Dipbenylol,  ('„H,.nH  = 
by  fiiMii^  iIh'  |Hilasf.|uiii  :<al(  »(  (li)>l>><iirUiilpli'  ^J|U,  >Uk 

Mil.isBiiiiu  liydruxicli',  niiil   liy  tlir  nction  of  (hO  i  ,   luiil^ili 

[iIhmivI  sulphatf.     t'olorliMs  nioiHH^IInlo  ctyntiil.-t ;    lucitji    i 

[(:«7.'aO-32ito  K.).  boiU  at  :»(t50-3n80  f.  (SHlO-iSti.-tW  V.)  ; 
rajKir  of  wntrr  :  dingolvwi  i-iuily  in  atm>l>ol,  «lb«r,  And  alkalua  ;  mJ  auli 

VSnu  gr«<i.<n  mlor  iu  Htmng  Hnl|iliuric  acid. 


m 


Dloxydiphenyl  or  Dlpbenol,  Ci,H,(On),  =  C,n,(OH).(\H,(OH).  Ii 

iiiriiiwl  by  tliv  iiclion  nl  lui'Uing  jk-I'-' i  .-.....,    >q.||i>iij|.|ian«ii|. 

honal<* :  iilwi  rroni  iHMuidinv  by  tin-  t  v  fiu^og  fot^ 

inin    |>nr.i]ihrnoIsiilpliiiii»l<'  with   .ii;  '..luf.,,    iTi^iil.. 

.•Itinii  Hi  IfilP-  ISSOr.  (312.?0-31li.-l^  F.>.    An  isomeric i- • 
iryntnllijErH    from    ali'ohol    in    shining    niw<llt«    mclliug  <■> 
(.''•l(J.'2u.,'',)^o  ]■■,),  is  furiuud  by  tUo  action  of  inviting  poUuii  uu 
diplii-nvl-ditiulphouste. 

C/l 
Dlphenylene  Oxide,  C„H,0  s  ^0,  fomiad  by  beMtac  fht}\ 

ticiHphntc  with  linir.  or  more  rnndily  by  hoatin);  ph<'nol  ^■ 
iryiiUillizt'S  iu  Uuiinni,  OKiltd  at  810  (°.  (177.^'-'  t'.),  and  ' 
{&U3.40  F.). 

Hezozydlphenyl,  >"„ll„i),  =  r,J(,(()Il}„  In  forimvl  rmni  Itji  UKnmt- 
(hylii-  I'thi'r  (hy>lioca'ruligM(ini<;  liy  tho  svliou  of  ittroug  liydrradilorv'  ■« 
liydrioilic'  noid  ; 

f..n.(oH),(orn,).  +   4Ha   -   4cn,a  -f  c„H,«m).. 

It  cryiitnllixL->  frnm  wati-r  in  iillvpry  liunitiiH  :  diiiNolvrs  iu  (ivtA>i 

Inn  blnc-violet  oohir  ;    is  oonviTtiHl    by  acWyl   chlorid*   into  a  i 

Dmpcmnd  ;  and  rwluood  by  htrating  with  ilno-dnat  UtilkptMi^l. 


Hydrooasrallgnone, 

be  actiuo  of  tin  and  liy< 


'), 


id. 


,  U  fbmfd  frnm  comil^uwo 
It  crTalnlllitf*  ftiioi  alAiK 
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eelorieu  Umina,  melts  at  190O  C.  (374C>  F.)  and  distils  almost  without 
d«ooiapogition.  It  is  a  diatomic  phenol,  and  ia  resolved  by  IICI  or  III  into 
CU,C1  and  hexoxydi{)hunyl. 

CoBrallgnone,  Ci.H^O,  =  C„H,  J  J.j ^j'*  ,  separates  as  a  rlolet  pow- 

der  iu  tlie  industrial  purilicatiun  of  crudu  wood-vinegar  by  means  of 
potassium  dicliromate,  ami  is  olitained  by  th«  same  means  from  the  frac- 
tion of  be«x:h-tar  Injiling  at  27(*3  I.'.  (51bO  p'.).  U  is  insoluble  in  most 
aolvents,  but  diiisolrxs  in  strong  sulphuric  acid  with  a  fine  corn-llower  blue 
ndur,  changing  for  a  while  to  red  on  additiou  of  a  large  quantity  of  water ; 
aUo  in  phenol,  from  which  it  is  precipitated  by  alcohol  niid  ether  in  slender 
ateel-blue  needles.  By  reduetion  with  tin  and  hydrochloric  acid,  it  is 
oonvertol  into  colorless  hydrooferuiigmine,  CuHmO,,  which  is  reconverted 
intu  ixeruliguone  by  oxidation,  the  two  bodies  being  indeed  related  to  one 
another  in  the  some  manner  as  quiuouu  and  hydroquiuone. 

Dithymoxyl-trlchloretbane,*  fri., — CH(C,oH,,OH)„  is  formed  when 
aulphunc  acid  diluted  with  ^  vol.  orgliiciitl  actttioauid  is  added  to  a  cooled, 
mixture  of  I  mol.  chloral  and  2  mut.  thyuiol : 

CCli— CUO    +     2C„IluOU     =     H,0    -f     CCI,— CH(C,oH„On),  . 

A  whit4»  precipitate  is  then  formed,  th«  atcoliulic  solutiou  of  which  yields 
the  ouiupound  in  white  mom>cliniu  crystals. 

Dithymoxyl-lriohlorethane  is  a  diatomio  phenol,  and  when  treated  with 
CjHjOCl  or  C,IIjO(.U,  exchanges  its  two  iibeiiolic  iiydrogeiis  for  aci'tyl  or 
benzoyl.  By  strong  oxidiiing  agents  it  is  utiivertt'd  into  tbynio<iuinone. 
Heated  with  iinc-<lust,  it  exchanges  its  chlorine  for  hydrogen,  forming 
(iithymoxylethaue,  OqI[,,0„  part  of  which  is  converted  by  loss  of  11,  intu 
ditbymuxylelheue,  C„U^O,. 

Dithymoxyl  ethane,  CH, — CH(C,|,Ht,OH),,  crystalliies  in  rounded 
plates,  melting  at  180O  C.  (SSli'^  F.), soluble  inmost  of  the  usual  solvents, 
oxospt  water. 

D  i  t  h  y  m  oxylethene,  CH,~C(C,oH,,OH)„  forms  needle-shaped  crys- 
Uls,  melting  at'l7<»3-17IO  V.  (338Q-339.8"  V.),  insulubie  in  water,  rather 
mure  soluble  than  the  precoling  in  other  solvents.  Treateil  with  weak 
oxidiiing  agents,  as  with  ]iotassium  ferrooyanide  iu  dilute  alcoholic  solu- 
tion, it  forms  green  crystals,  C„llj,0„  melting  at  2140-215°  ('.  (417. 20- 
419°  P.),  soluble  in  toluene  and  in  cliUiniforui ;  Imt  if  the  nnlutinu  lie  pre- 
Tiooaly  n-ndered  alkaline,  a  red  pr«"ci])itate  is  foruu'd,  nhich  dissolves  in 
rhiornform  and  separates  therefriiiii  iu  nil  crystals,  melting  at  215°  i'. 
{AlVJ  F.),  and  having  the  eoiuiKwition  f',,II^O,. 

A  mixture  of  dithyumxyletliene  and  the  red  crystals  dissolved  in  chlo- 
mfnru  deposits,  on  evaporftlii)u,  the  aliove-described  green  ueedlen : 
C^H,0,-f-  C„H„0,  =  f'„Hj,0,.  Heui'o  it  appears  that  dithynioxyletliene 
and  the  two  prnilucls  of  its  oxiilatlon  are  related  to  one  another  in  the 
!  nuiDnor  as  hydroquinoiie,  quinhydroue,  and  quinoue,  thus: 


^"'<vC   1I,,<1H      ^"'\f:„U„0  _  1>H„C,„'^'^">  '^("loH,,!!-^ 

Dltkjmoxylelbcoe.         Dllhrmoxyl-qutnhydroDPtbcoo.  Dlttiymonyl- 

quinuoettjcnp. 

•  Tills  eompound,  •ml  thow  which  follow  It,  were  dlseoverpd  hv  Ilr.  E.  Jkgrr 
(Drmtfk.  Chrm.  Cci.  Ber.  \frn,  1107  ;  (^liem  Soc.  Joura.  I87T,  303),  wlia  ilPal);u(iIPl 
lh«in.  Dot  MB  thymoxyl-cnnipoitnili.  tnit  nii  ttiyniyl-cnni|ifiun(tN ;  t)ut  t)ii>  ntnie  **i)t- 
ChymylethitDe**  brluiiKN  propprly,  not  to  s  plieiiol,  t>ut  to  (lie  tiyilrociirt>on  C'nilw 
•-  CH| — CH(l3)uUu)«  bomolofous  witb  dlptieayl-etnaoe  sod  dltolyl-etbsDi-|  sud  so 
at  the  rest. 
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Banzhydrol,  C„n„0  =C,n,— CH(OII)— C.nj,  U  obtained  hj  thm 
of  ■t't'luiiuauialgaiii  ou  a  soluUoD  of  buiuopliiicuui^  in  (iilula  aleclMil. 
ctystalliii-i    in   newllta,  molU  at  <>bO  C.  (1&4.-10  k.),  and  boitt  al  - 
(5t>8.4'>^  v.),  with  partial  deoumposiliua  into  wsl<<r  aixl    booihir.. 


lavtUtah*- 
-<)aa  Ivitn^ 
'ii«  la  atfllMt 


Toltiylena  Hydrate  or  StUbene  Hyt^r-i'r- 
CH(()H).C,Hj.  is  foriuiMl  liy  tin- action  of  smtiun, 
C„I1„0  (p.  a-tJ),  and  hy  hiratiiig  deoxybenxnii;  . 
Iiolio  poUtiih.  Iinng,  slonilt<r,  brittle  u<hh1I<>8,  tiav 
in-Uiug  at  (J.PC.  (U3.tiO  K.)  :  ingnliible  in  wat<<r,  <  i 
auj  etUer.  litoolvnl  by  boiling  with  dilute  (Dl{>huriti  at;iii  Inla  i 
aud  tralttr :  oxidixvd  Vy  nitric  arid  to  dcuxyhvuioln  ;  r«duon]  ky  BI  M 
dib^nxyl.  With  acetyl  chlorido,  it  furuu  tuluylvDo  acvtatc,  C^Mr 
O.C,II,0,  wbii^li  is  a  risuid  lii]iiid. 

Dimethyl  benxhydrol.  C^H„O  =  CH0H(C,ll..<'Hi)5,  okttlarf  I 

avliuii  of    »wliuiu-,-iiuali;aiu  on  ditolylkctoni)   in   alonliuUc  Mdotioa  , 
slender  needles  melting  at  6SO  C.  (156.20  f.). 

Trtphenyl  oarblnol  C„Hj,0  =  (C,Hj),r(n»),  fr 
by  oxidntion  with  eliroinic  atid  mixtart*,  Inmui  iim<i 
at  1573  t!.  (314.t>0  p.).  boils  withonl  dccni»(«8illnn   aIh 
v.).     Its  solution  in  bcuz^ue  healed  with  l',0,  yii*lil»   Ir 
aud  dihi'uzvl. 


at*  fonB*4  kf 
3J»o  liy  tlit«r 


^ir«»>tCil<^l 


Tolylene  Olyoola,  C„H„0,. — ^Two  din: 
tlon,  ualltvl  liydrubuuzoin  and   lauhydr 
Dim  action  of  liiic  and  hydroohloric  arid  on  bth 
l^amliiiin-amalgam  on  the  same  compound  in  al 
>  tion  with  chmmio  acid  mixture  Ih>iIi  of  llirin 
r  bydu   and    benzoic  acid:  ounsuqnentiy  tbey  mut;   i 
I  formula : 

C,H,.CU.OQ  C,HjC(OH), 

I  and  I 

C.Hj.t;U.OU  C.UjXH, 

Now  MM  of  them  (hydrobenioln)  la  the  lola  prodnoi  of  thn  adtea  •!  I 

diain-amalKaiu        '              ' '' — (."(j — C<i — (',11  i.TwJww,  i 

krepr<«ent«d  br  '  -yiuiuvtriiT.il  run  nohydfob 

fU  not  a  raorti  pi..,. ition,  by  the  uu.^. .,,..,.  ...^itX  AmMuka.    Bf^ 

tliK  antiou  of  I'Br.,  both  oowpounda  are  oonverted  lata  tolrUla*  illhtaaU4*) 
[c,U,Br,. 

Hrdroban «oI n  ii  apartDKly  lolubla  In  wat«r,  aaallr  in  alanltaL,  i 


prumi  miaung  at  I3JCi-1340  c.  (27I.4«-37312o'f.'). 

laohvl 
■Idml  hv'l: 

ft,-'  ■■■    '-■ 
I 
t.   .. 


I  I    inHn"ciiiii.'    jiiiniiit-       It    nn'i'.s*    ai     i  i:'...w  i    .    ,  . 

>a  alcohol  th&n  b/UrobvuaoXa  ;  U  Hut  oanrcrW^  i. 


KETONES. 


Flaorenyl  Alcohol,  CuH^O  =  "> 


CH.OH 


action  of  sodium-amalgam  on  an  alniholio  solntinn  of  diphcnylune  ketone, 
tanaa  colorless  hexagonal  lamina,  melting  at  ISS'^  C.  (307.4C  F.). 


Kttonei, 

Slpbenyl  Ketone  or  Benzopheuone,  C^Hj.CO.CjHj,  in  formed  hj 
oxiUaliuii  ul  UipliL-uyl-methauu  and  diphfuyl-ethane  (p.  5U4)  with  i-hromio 
aoid  mixture;  by  healing  mercury-dipjienyl  (]>.  846)  with  IxMuoyl 
chloride;  and  most  readily  (logethiT  with  Wnzemi)  by  (lislillatiun  uf 
c&icium  benioate.  It  usually  crystallizes  in  larg«<  rhunibiL'  prisiiis  melting 
at  4*Ci— l!''^  C.  (118.4Q-12(.1.20  K.),  sometinu-s  aim*  iu  rhombiduMlrons  nii'U- 
ing  at  270  C.  (SO.tjO  F.)  ;  the  latter  modifieation  ts  converted  on  standing 
Into  the  former.     It  has  an  aroniatie  odor,  l»oils  at  SHOO  C.  (SlilP  F.),  dis- 

PColrea  easily  in  alcohol.  Treutt'd  with  I'L'I^,  it  is  converti'd  into  benzophe-  ^m 
|K>niu  chloride,  (('(IIJjCCI,,  a  li.jdid  iHiiliiip  nt  ttl«out  3lHP  C.  (5720  F.).  ■ 
MDilium-auialgam  uouverts  it  into  buuzhydrol  (p,  D4ll).  ^M 

Phenyl-tolyl  Ketone,  CuH„0  ^  C.Hj.CO.C.H^CCH,),  is  obtained  in  V 
two  moililicAlious  by  oxidation  of  benzyl-toluene  ;  by  heating  a  mixture 
of  benzoic  acid  and  toluene  with  l',0,;  by  heating  a  mixture  of  calcium 
benzosta  and  paratoluate  ;  and  by  healing  Wnzyl  chloride  and  toluene 
with  xinc-dnst.  The  a-coni|K)und  (para)  exists  in  two  dimorphous  niiHliU- 
cstioDS— one,  hexagonal,  melting  at  5ry3  C".  (i:jlOF.);  the  other,  mono- 
clinic,  melting  at  SliQ-titO  (\  (13H.20-14tiO  F.).  Boiling  point,  31iJCi-;jl-^ 
C.  (59t»C'-593.tJO  F.).  Heated  with  soda-linic  it  yields  benzene  and  para- 
toluio  acid.  The  P-eompound,  whirh  is  liquid,  han  not  been  MitaiiiiHl 
pure.  By  distillation  with  zinc-dust,  it  yields  atitlirncene  ;  witli  lead 
oxid«>,  antbraiiuinone:  the  «-oompoiind  does  not  yield  these  products. 

XMtolyl  Ketone,  CO(C,H,,Cn,)j,  forms  rliorabio  crystals  melting  at 
»50  C.  (At30  F.). 

Dibenxyl  Ketone,  CO(Cn,.C,Hs)„  obtained  by  d!!<ti11ation  of  calcium 
«-Uiluate,  forms  tolurless  crystals,  m.  p.  3tP  V.  (Sb"0  F.),  b.  p.  32(>CU3-J10 
C.  (tiOd(^-609.8<3  F.);  yields  by  oxidation  benzoic  and  carbonic  acids. 

Diphenylene  Ketone,  r„II,0  =  CO'^    \        ,  obtained  by  heating  di- 


pbenie  acid  or  phenyl-lienzoio  acid  (p.  942)  with  lime,  also  by  oxidizing 
flnorejie  with  chromic  acid  mixture,  forms  large  yellow  rhombic  crystals, 
nelU  at  840  C.  (183.20  F.),  Imila  at  33(P_33SO  C.  (ti3B.8a_iJ3!).60  F.);  is 
conrerted  by  re<lucing  agents  into  fluorene,  by  fusion  with  potash  into 
pbanyl-benzoic  acid. 

BaOBOln,  C„tl|,0,  =  CJK.rO.CIUOlD.r^.H,,  formed  by  heating  bydro- 
iMiuoin  with  nitric  acid  (s|ieciflo  Rrnvily  1.4).  and  by  mixing  bilter-alinnnd 
oil  with  a  concentral>Hl  alcehidic  solution  of  ]>ot».ssium  cvanide,  crystal- 
lUe»  in  shining  prisma  melling  nt  133a-i:<40  C.  (271.4Ci_i27,'?.20  F.);  di»- 
■oWca  sparingly  in  water  and  in  wild  alcohol  or  ether,  freely  in  hot  ali'o- 
ttol.  Converteil  by  chromic  acid  mixture  into  benzaldehyde  and  Iwnzoic 
««id  ;  \iy  heating  vt'it)i  fuuiiiig  hydriodio  acid  into  (MH'Uzyl ;  by  heating 

79" 
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with  alcoholic  potash,  into  Uydrobenxoin  aiui  heiuU«,  togtthmt  i 
a^lic  acid,  Iwntoic  avid,  and  other  produvta  : 


2C„H,.0. 
Beuzoiu. 


r,.H„o, 

Uydrotwuiolu. 


c,.n„o, . 


With    acetyl    chloride   it   yii-lds     acety l-bHtiaoiB,    C||IIt,(C,n/))0^ 

which  furiiia  crysUls  melting  at  75^  C.  (ItTJO  K.)- 

Deozybeoxoin,  or   Fhenyl-bensyl  Ketone,  r,,tr,,n  ■. 
CIi,(C,llJ,.i»  lonut^   by  lliL- ailiou  111  ini.t  ain!   ), 
loin  mill  clilnruliouxilif ;  l>y  heatlug  muunbruiiioBtil: 
18(P  C.  (30o*^l74^  K.)i  and  by  tUstUUtiun  of  a  luiiiurv  of  1.«ii«a»u  i 
s-(uluatu  of  calcium : 

C.Uj.CO.OU  +   C,H,.CH,.CO.OH   ™   CO,  +  H,0  +  C,Hj.COXH,C 

It  cryslallizes  from  alcohol  in  large  plates  meltir        •   "     ' 
aubliitita  wilhuut  deo»uiiH>!iitiCi>i  ;    is   uonti-rliil    I 

toluyl«no  hydrate  (p.  940j,  by  I'd,  inlomoiiixl'l.  '  ij 

ing  with  hydriodic  acid  itito  benzilo. 


k 


i„0,  =  C.H^CO.CO.r.Hj  (DH-miofl),  it  forairtl  by  i 
tioii  III   honiuiin  with  nitric  acid  or  chloriuu  ;  and,  togi.-tli<-r  wnh  tUii 
by  hi.-atiiig  stilbene  brumidf  with  wator  and  sllvrr  oxi'- 
in  large  iiix-Kidi-<l   priiinui,  mclliiig  at  !MiO  ('.  {I'M'-'  K.), 
soluble  in  alcohol  and  cthi-r.     By  oxidatimi  with  -'  -  - 
is  converted  into   benzoic   acid;   by  MnBc<>nt   hvili  i 

iron  filings  and  av(<tic  ncid)  Into  iK-nzoin  ;  bv  licalu  „ 
ailu   chloride,  t'„H„n,0.  or  C,H,.CCI,.(X>.C,Ht,  wl 
rhombic   prisma  melting   at  71°  C".  (159. HO  K.),  and  i»  1' 

and  ilCl  into  deoxvU-nznin.     Uiinzilo  and   lli«  chloridv,  he»t««l  lo  i 
(31*20  ^,)  wiui  pc4,  yield  tolaue  tetrachloride,  C,4H„C\. 


Acid*. 


DipbooyloarbODlc 


Add.  C,,H,,0,  =  C,H,.C,n..C" 

Kxliphrnyl,  (;„ll,{('N).  irtth    n! 


934).  or  by  oxidizing  diphenyl-lx-nzune  (p. 

acid  with    chromic    anhvdride.     It    cryBlnlli. 

neeillim;  mclU  at  31S'--ail»0  C  (4iM.4C<--l'.;(;.-.;-  l  j;   i-  .i.iiwr'.-.|   Vy 

Inx  with  llrae  into  dipbenyl,  and  by  oxidation  with  ohruinio  wtid  Ukia  I 

phlbalio  acid. 

Phenyl-boniolo  add.  C„n^O.  a.  C,Hj.C4n..CO,H  (f  1  ?  3>. 

dncivl    bv  the  Oi'tton  of  melting  pota5h  on   diph^nylenc  k<4oiM  (p.  I 
forms  rn;iilfl.«l  erysUU,  melting  at  UfO-lllO  f.  ('iStiO-itl.tO  P.)i 
vcrtud  into  dlphiinylxne  ketone  by  hi<ating  with  lime. 


Dlpbenyl-dtcarbonlo  Ar<'' 
d ley .•tni«li phenyl,  r,.H,(CN) 
alcohol   and  ether,  neither   ii 
yields  diphenyl.     Ila   harlnm  aud  eni 
wat/<r.     Tb«  d'letb»l(fi  i.tb-r  rnelt.  nt  1 1 

!'     :    ■ 
til 
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uid  ether.     Th«  barium  and  calcium  Balu  are  eaailj  soluble  in  water ;  the 

ditfthylic  etlier  is  liiiniil. 

Diphenylaoetic  Add,  C„H„0,  =  (C,Hj),CH.CO.OH.  is  formed  by 
beating  l>fiiiilic  noiU  witli  hydrio<Uc  acid  to  130°  C.  (3(i20  F.),  and  by 
hesliug  a  mixture  of  ph)?ii,Yl-broiuacetic  acid  aod  benient;  with  xinc-diut : 

C,H,.CUBr.CO,U     +     C.H,    =     lIBr    +     (C.Hj),CH.Cn,H  . 

It  erTBtalHies  from  water  in  Blender  needles,  from  alcohol  in  lamina,  aod 
melts  at  146-' C.  (2'.M.tiO  K.);  is  converted  by  chromic  acid  mixture  into 
diphenyl  ketone  ;  by  heating  with  soda-lime  into  diphenyl-uiethaue. 

Dlpbenyl-slycoUic  "r  BenzUic  Acid,  C„H„Oj  =  (C,Hs),C(0»). 
CO,H,  is  formed  by  |lax^ing  bruiuine-vajxjr  luto  diphenyl-acetic  aoiJ,  and 
boiling  the  product  with  water  ;  aliio  by  hcatinj;  benzile  with  aleubolio 
potash  (not  in  excess)  ;  in  this  reaction,  a  transposition  of  atoms  must 
take  place.  It  cryslallixoa  in  shining  needlt-a  or  prisms,  easily  soluble  iu 
hot  water  and  in  iil<.-ohol ;  melts  at  150O  C.  (3t»20  F.),  turning  re«l  at  the 
kame  time.  It  dissolves  with  dark  red  color  in  sulphuric  acid.  By  heat- 
ing with  HI,  it  ia  converted  into  diphenyl-acetic  acid  ;  by  oxidation  into 
diphenyl  ketone ;  by  diatiUation  of  its  barium  soltn  into  benihydrol  (p. 
MU). 

Beosoyl  bensolo  Acidi,  C„n,sO,  =  C,Hj,CO.C,H«.CO,H.— Tlin  para- 
modification  is  fDruie<l  by  nxidation  of  solid  phenyltolyl  k<  tone,  /xiru-ben- 
tyl-bunxoio  acid,  benzyl-toluenu,  benzyletliyl-beuxene,  and  etbylbenzyl- 
tvltieue  (p.  930),  with  chromic  a<.'id  mixture.  It  sublimes  in  laniinn;, 
resembling  benzoic  acid,  ami  melts  at  I'M'^  C.  (381.20  K.).  The  ortlio- 
m»d Iflcat inn ,  from  liquid  |>henyI-lolyI  ketone,  crystallizes  from  hot  water 
la  uewlles  or  prisms  containing  111,0.  The  crvsluls  melt  at  850-87°  C. 
(185Q-iS8.tiO  V.)  ;  the  anhydrous  acid  at  1270-1380  C.  (260.eQ-262.4O 
F.). 

Bentbydryl-benxoio  acids  ,  C,Hj.CH.(OH).C,H,.CO,H.— The;wra- 
aoid,  fomii'd  by  the  action  of  nosei-nl  hydrogen  on  /wro-U-nivl-lMMUoic  acitl, 
cryatalliies  in  needl.-*,  melts  at  IMCJ-lU.'io  C.  (3:;7.2s^ji)0  K.),  and  ia 
rooonverted  by  oxidation  into  ;«ra-lwnzuyllK"nioic  acid.  The  orllio-ncid 
eaonot  Iw  obtained  in  the  free  state,  as  on  attempting  to  prepare  it  by  the 
action  of  naswnt  hydrogen  on  ur(/iu-boU2yll>en/.oic  acid,  it  splits  up  into 
Wtttvr  and  the  onhydride  t',,ll,(0,.  This  compound  crystnlliies  from 
aloohol  or  ether  iu  prisms  melting  at  ll&O  C.  (2:<90  p.)  ;  is  converted  by 
oxidation  into  orMo-bentylbuniioic  acid,  and  by  PC'I^  into  anthraquinone 
and  chlorinated  compounds. 

B en ayl- benzoic  acid,  C„H,,0,  =rO,Hj.CH,.C,n,.CO,TI.— The/wro- 
acid  is  obtained  by  the  prolonged  action  of  HI  and  phosphorus  at  l(jftO-170O 
C.  (32liC>-3380  F.)  on /xjru-lienzoyl- or  benzhydrylbenioic  acid.  Lamina 
or  needles,  melting  at  1570  0.  (314.6°  F.).  The  orf /,o  acid,  obtained  in 
like  mnuiier  from  or/Ao-bciizoyl-beuxoio  acid,  forms  slouder  shining  needles, 
melting  at  114"  C.  (237.3°  F.) 
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NaphtbalAne,  ('iJi, — Thishydrocarbim  la  produced  in  the  decom- 
(ukiiion  of  tolui'ue,  xylene,  and  cumene  at  a  red  heat  (p.  Ml(i)  ,  also  by 
Taper  of  lienzene,  cinnainene,  ohrysene,  or  anthracene  through  a 
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rB<l-Uol  tube.  It  U  formed  in  liir 
preparation  of  ix>al-ita&,  it«  pr(«ilii 
Biluilar  to  tli"  ii«si.      »N  !■■ 

uily  jirtiduot  i  r  in  llir 

apart  and  lf!i ..    ,.i.iiititv  of  ^■ 

wbii-ii   in  principally  iinplitlialcne.     Ai, 

taini-d  by  pushing  tliu  distillatiou  until  : 

ohax  :  the  naplilhalene  then  i.'nnilMns(-«  in  tlir  solid  utatr,  bat  iljiHt-<oia(«4 

and  T«t7  impure.     By  simple  iiubliuiatiua,  unnt  or  twice  r«paaU4,  HJ^ 

oblain<^  porfeclly  wliitt?. 

N.iplitlisl'-ne  is  forui(<d  syntheticaUy  from  phenjrl-botjrlcne,  C^H,.! 
CH,.(;H^TCII.,  whiih  is  cbtaiin-d   bv  th^  -   ■ 
Iwuzyl  chloride,  fjHj.fH/l,  and  aUyl 

drocarbon  or  its  bnjuiiile  pa*»i«i  throu^i.  _:       .  ., 

is  resolved  into  napbllialt^np  and  hydrogen,  t'|o"n  ^'  , 
tlialene  forms  large  volnrlt-aa,   transparent,   brilliAnt. 
exhaling  a  faint  and  (K-culiar  odor.     It  melts  at  7  ' 
clear,  colorless  liijiiiil,  which   crystallites  on  rooi 
(4i4.40  F.).     When  strontrly  heated   in  the    . 
with  a  red  and  very  smoky  flame.      It  is  iuw' 
ble  to  a  (light  degree  at  the  boiling  heat;    si.- u'l    un  . 
easily  ;  a  hot  saturated  alcoholic  Rolutiun  de{Kiiiit»  flne 
Oil    cooling.     It    unites    with   /lin-ic  nrui,    rnrmisiL'    i)i' 
C^H,(.\<),)jO,  which  crysUllisee  in  stellate  i:< 

Naphthalene,  like  benzene  ami  its  homoIoK  > 
with  hydrogen  and  chlorine,     llentei)  with   I'll,!  Ui   r.x 
with  HI  and  amorphous  ph(«)ilii>riis  to  2"2<>-— iliO  v.  i 
forms  the  tct  ra  hy  d  ri  de,  ('„II,.H,,  a  pur: 
(4l>10  F.).     With  chlorine,  it  rortus  the  wii. 
pale  yellow  oi!    -vi   ''    M    'i      ''    1'  '  i  'i 
Utilizes  in  \D< :  l'J,'>l>,^  t  ), 

)->0-13()0  C.  t       .    , 

The   structure    of    the    naphthalene    uioUm-uIv 
(Liebig's  AnncUem,  cxiix.  2ii)  front   the  fnlbxrinp 
thalene  is  converted  by  oxidntjon  into  pi  ' 
C,H,(C'<),H)^  two  of  its  carlion-nlonui   I 
while  two  others  remain  in  the  form  of  cJlrl^>xyL  : 

c.oH,  +   0,  =  c.n,(co.n),  +   aco,  +    h/j. 

Hence  naphthalene  contains  a  b«n>«nisreaidac,  C,H„  ani)  loay  li» 

Benl<.«l   by  the  formula  (•,H,.i:',H,.     '''      --..,«  .-...i..- r  ■, /_. 

synlln-sis  of  naphthalene    fruni   pi 
likewise   produced  by  oxidnlion  I'l 
consequently,  this  compound  has  lu  tv' 
atoms    a.•>s<Kli.^l■■^l  with    the    four  carl«iii 
and   may  l>e   r  l    by  (be  fomiul 

phosphorus    i  l«,  the    two   ox 

chlorine-atoni»,  .inn  m  ihe  same   tin 
rrplHoil    by   chlorine,  the    nwiilt    < 
(Cj'i  1    «ri,,,li   in  oonrerled    by  ox 
r,i  In  this  reaction,  th' 

iun  t-hand   group  in  the    < 

oarlaiu  diuxele,  while  twu  oth«r« 
rehisiiiintf  tw*>.  ti»ir»*tb»<r  *»  Ult  lite 
b..i,, 

r  naphlttalaiMi  It  tjm- 
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«trical,  and  composed  of  two  benxene-nuclei  united  in  the  manner  repre- 
teutetl  by  the  following  figure  :— 


0) 


«f>    H 


®    H 


I  7"® 


<» 


CD 


Th<r  rsplawment  of  tlifl  hydmg«n-stoms  in  iisplitliali-nu  by  other  ele- 
nuniti  and  by  roupound  raiiicliii  givex  ri^te  li>  iiuiiieruuH  aubstitution- 
4vTivative8,  which  are  obtaiiUH)  by  uieth(i<l;i  siuiilur  t<i  tbtwe  by  which  the 
betixene-drnvatives  am  prodiii-i-d.  The  number  of  possible  isomcridi'S 
aniong  the  uaphthalene-ilerivalivea  is,  however,  niueh  greater  tlian  those 
of  the  beniene-derivativc*.  Thus,  (he  uiuiin-ilerivatives  of  benzene  do 
oot  admit  of  isomeric  moditicatiuns,  but  in  naphthalene  the  placHrs  1,  4,  &, 
H  (seo  the  precwiing  figure),  though  similar  to  each  other,  are  ditferent 
tnim  the  places  2,  3,  U,  7,  wliieli  are  likewise  siuiilur  amongst  tliemselves. 
lleuce,  (here  will  be  two  mudificalions  of  eaeli  iimriii-derivaliv-e  of  naphtha- 
h'ue  (chloro-,  nitro-,  etc.).  Those  modifieutions  in  which  the  sulwtituted 
raiXicle  occupies  the  place  1  (=  4,  &,  or  8),  are  ealled  a-derivatires ;  those 
in  which  it  is  placed  at  2,  3,  .1,  or  7,  are  called  f-derivatires.  The  di- 
drrivatives,  C,(,II,X,,  exhibit  ten  isumeriu  uuHlifications,  atxording  as  the 
lubstitut^Mi  railicl<>s  are  situated:  (1)  in  tlie  same  benzene-ring  (1  :  2, 
I  :  3,  1  :  4,  or  5  :  U,  6  :  7,  S  :  8,  and  2  ;  3,  or  (i  :  7),  secididly,  in  diirerent 
rings  (1  :  &,  1  ;  U,  1  :  7,  1  :  8,  2  :  t),  and  2  :  7).  The  list  of  actually  known 
DKKtilicatiiins  is,  however,  very  incomplete.* 

C  h  lor  onaph  th  a  leucs  are  obtained  by  boiling  the  chlorides  of 
naphthalene  with  alcoholic  potash,  which  removes  UCI ;  these,  when  sub- 
jected to  the  action  of  chlorine,  also  form  addition-prod  ueta  sneJi  as 
Qll.n.Cl,  :  and  from  these,  by  the  action  of  alcobolia  potash,  nioro  highly 
chlorinated  substitution-derivatives  may  be  obtaine<l. 

iltinorhlnrniuiitltlhnUnu,  t',„H.('l. — a,  from  naphthalene  dioliloride,  is  a 
liiiuid  boiling  at  250O  C.  (4820  F.). — S.  Hv  the  uttion  of  \X\^  on  ?-naph- 
thol.  Colorless  crystalline  mass,  m.  p.  60O  C.  (14UO  F.);  b.  p.  25t;o_25BO 
C.  (492.f>o_4yii.4^  F.). 

C,.H(CI,  is  known  in  aeren,  and  C,,UjC1„  in  fonr  modifications.  C,gCI„ 
the  flual  protlnct  of  the  action  of  chlorine  on  naphthalene,  (onna  prisma 
nulting  at  13r.o  c.  (275°  F.). 

Of  inonobromon  aph  th  alene,  two  mndlOeationa  are  known,  one 
fonoM  by  direct  broinination,  l>eing  a  licjuid  Iniiling  at  277°  C.  {.'i30,CC'  F.); 
the  oilier  from  fl-naphthylnuiine  by  the  iliazo-reaction  with  alcohol,  form- 
ing whit4s  shining  laniin»,  melting  at  B80  C.  (154.40  F.). 

lodonap  h  t  h  al  ene  ,  t',jll-!,  produeeil  by  the  action  of  iodine  on 
mercnric  naphthide,  is  an  oil  boiling  at  3(KP  C.  (S720  F.). 

Cy  anonaphthalenes,  or  Najithyl  Cyanides,  C„H,.CN  (■ 
and  i),  are  formed  by  distilling  the  potassium  salts  of  the  corresponding 

*  Cor  th«  loteit  mearchpi  on  niirhthalrne  derivatives,  see  Llphrrmann 
(l.lpMeN  Annattn,  clxxxlll  2Z&),  anil  Atterbrrg  {DiuIkK.  Ckem.  On  firr.,  l87o,  |>|i. 
i;»0,  \-IM). 
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nnphlhalr'ncsnlphonio  utiiiU  wilU   jwUs- 

n.»Mllcs,  inelu  at  a7.r.o  c.  (99.r.o  K.),  .i. 

568.4°   F.)'— *•   Furms   luuium,  luolta   iii    oo..'-^   i. .  {,!*.•■ 

304^^050  C.  (.'.79.20-5810  K.). 

OiriftiunimphlliiiUiKt,   C,„Hc(rN),,  »f«   fr>rmi<d   in    '■''-    r- 
n»plilli)ileii«-<li»iilplii>ui<-'    aciiU. — •.   N>-«lle!(    nn-l' 
(51i(P-514.40  F.). — 8.  Wtwalts*  Bi'lling  at  2»t?^-- 

F.). 

Nltruionapbthnlvne,  C,gH,.NO,  ia  fortnod  l>jr  tb«.  •oUon  of 
gvn  nxjrbrmuide,  NUIir   (bolatiou  uf  N'O  uid  Br  in  CSj  at  ^900  C, 
F.),  uu  niercurio  napUthidu: 

(C„n,),ng    +     NOBr    =    C,.H,.NO    +     C,^,."«B»  • 

It   scparntcs    from    solution    in    IwnxiMiii  or  \\f)t'    •  -•-  ' •n 

owluli-n,  turning  rml  in   (Ninlorl  with  llic  air;  m  "iO 

«n<l  .Ifwuiposi'S  at  134^  C.  (273.2-'  F.}.     Its  solut 
blon  by  Hulphurio  siMtl. 

N  i  trunap|li  thalone,  C„H,.NO„  obt»in«>d  by  br.itfn(j  a  imlatl 
naplilhaliMii.i  in  glmiinl    acetic   acitt  with  oplinary  i     • 
boiir,  orystalliies  from  aU-olioI  In  »olphur-/cll<>w   j 
(141. H^  F.),  boils  at  304O  C.  (57».2P  V.y.  Innolubl 
carbon  8ulpliidi>. 

Two   il  i  ni  t  ron  aph  t  balenes   are  obtainfyl   1 
or  mounnitrnn.i]ilitli.ili<nK  with  nitric  acid  till  the 
on  llu'  scirfan'  has   disappeari'd. — ».  Colorlrx*   pri- 
(41.1.40  F.). — 8.  Khnnibic  plat«s  melting  at  17l»  i: 

Tht")i'  coiniwiiiiidi*,  iKiili'd  with  fuming  nitrir  m-iil.  yii-ld  thr 
uaphthalcncit,  boiling  rospoctively  at  Vl'JP,  147°,  and  21 
29(J.(>o,  424.40  p.)  ;  And  on  further  boiling,  two  loi  ran  1 1  r 
lenes  ,  m.-lting  at  2(MlO  ond  2.')i>0  C.  (3'.t20,  *1S.20  F.). 

Amidonaphthalene*  or  NapItthyUminea,  r.^n.vrr   - 
fication  ubtaiu«id  br  n-duc-tion  of  iiitri>unphtl< 
or  pri-sms,  uasilv  Bolnbh'  in  alcohol  ;   hag  a  pn 
(12*>  F.),  and  boiU  at  3<H>o  c.  (B720  K.).     Il  f..n, 
lino  salts,  the  solutions  of  wlil»li  givii  with  phrtmn' 
a  blup  prvoipitatt*.  quiokly  •'bunging  to  n 
amiite,  C,|,H,NO.     K.-Naplilhylanilne,  br.i 

M-AcrlnnaiihtlinliiU,  C,pll,.N  ll(<',U,0),  wlu  ,   ,..  „,, 

nixltinc  at  l.'>!»o  C.  (;I1S.20  K.). 

4-.V(i/iAMy<i«i/i«  is  obtained  from  brnii;iiiiiii..ii  n.l.lliv  lim 
formod  by  nitration  of  brouaootnnApbthalid*^,  (' 
amiilo-group  is  eliminali-d  by  tli><  artuin  of  m' 
and  the  riMiultlng  bromonitronaplilhalKno  U  r>Mlii 
chlnrlu  Boid.  i?-Napbtfaylatniun  forma  nacr««>uit  I 
C.  CpXGO  p.). 

Siitaiiaiikihiilnminf,  C,(H,NO,.Nn,,  obtalnod    by  r)>dn<itt(>n 

naphthalnnt*,  fomi«  .ii-iNii  >...i  ...,  .1,1^   :.i....  .■    11^:  _iic«: 

a4ii.20F.).     Two  i 

loDO  c.  (375. siO,  :,. 

•Mtyl-comjHHinil,  wlnob  lurila  at  ib)!^  (!.  (Sjh.J-i  V.). 

IJ  i  a  m  i  d  o  fi  n  p  h  t  b  a  I  f  n  p  or  N  «  p  b  I  b  r  I  m  n  f  d  I  n  m  t  n  i« , 
n.Hi'I.  ■     ■       ■  '     I     "  ,       ' 

dil' 


in  airoii.x,  «-tli»r,  i 

!  whidk  tmm 


of  .^1 


«r<' 
■I 


n.ir.'ii.'*. 


Mtu  add  yifld  dlajo-nooipiiUMli. 
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Dia»o-araidonaplith.ilenc,  C„H„N,  =  C,|,H,.N,.Nn(C,„H,).  ob- 
tAint^i  hy  the  action  of  nitrous  aoiii  on  a  cold  aloohdlic  solution  of  napli- 
Ui^lniiiiuf,  (iirioB  brown  UminR,  and  i«  reaolvud  by  Ueatiug  with  auids  into 
nAphlliylaiuine  and  uaphthol : 


C„H,.N,.NU.Cu,H,     -f 


C„H,.OH    +     C„H,.NH,    4-     N, 


This  action  of  nitrous  acid  on  a  warm  alcoholic  solution  of  naplith.rlamini>, 
t<T  of  putnsaium  nitrite  on  its  solution  in  hydrochloric  acid,  produces 
amidatonaphthalou  c,  C,,H,.N,.(',|,H,.NH,,  nietamerio  with  diaio- 
Amidonaplithnlene,  and  analngoun  to  aiuidazobvnzcne  (p.  852).  It  dis- 
KolvfS  easily  in  alcohol,  and  crystalliwa  in  oranpe-rtil  nuudlua  having  a 
jrr>n'n  m.'tnllic  lustre.  Its  salt*  arc  violct-colorcil.  Heated  with  naphthyl- 
Aiuiuc  it  forms  a  base,  C,jH,,X„  analogous  to  rusauilinc  : 


C«HuN,    +    C„U,N 


NU,    +    C^HflN, 


Tho  liydrochlorido  of  this  base,  C_n„Nj.HCl  +•  H,0,  forms  tlip  Dm'  red 
dj-c-fliifT  called  Sniihtlialene-red  nTAlnytliilii-rrd.  It  crystallizes  in  gri-cn 
Btrtallically  ItiBtnms  needlw,  and  disi'nives  in  alcohol,  forming  a  r«l  solu- 
tion, which  when  dilut«  exhibits  a  iM-nntiful  (1  uorvsc^nce. 
HuMernuric  Naphthide,  (('iolI,),Hg,  produced  by  the  action  of  sodium- 
^H^lKam  on  a  solution  of  bromonaphtlialcne  in  Iwnzene,  forms  shining 
7Wls*-'-  -  •'%•  gdluhlc  in  hot  benzene,  sparinply  in  alcohol  and  ether.  It 
nu  1  C  (40i).-13  J.".),  and  decomposes  partially  when  sublioieil. 

Hal'  I'l'ompnse  it  into  naphlhalciiu  and  mercary-salta.     It  unites 

with  icKiinc,  forniiri);  the  compound  (C,,lI,),IlgI„  whioh  is  de«ompotM)d  by 
a  Urgcr  quantity  of  iodine,  thus : 

(C,oH,),HgI,    +     I,    =     Hgl,    -f    2C,„n,I. 
Heatrd  with  soda-lime  it  yields  dinaphthyl  and  naphthalene. 

ITapbthalene-Bulphonlo  Aolda,  C,^H, .80,11,  a  and  S,  are  formed  by 
grniluiLlly  hcntiu);  iiU|ilitlialcno  with  sulphuric  acid,  and  may  be  separated 
I..  i>  1.  liiiunl  crystallization  of  their  b,irium  or  lead-.talts,  those  of  the  >- 
^-  much  more  solubli:  in  water  and  alcohol  thau  the  ^salts.  The 
1-  are  crystalline  and  deliquescont.  The  «-acid  is  converted  by 
beat  into  the  ^ncid  :  the  latter  is  therefore  almost  the  sole  product  obtained 
at  a  high  temiMjrnture  (lUitO  C,  320°  F.).  The  «-acid,  liealiil  with  dilute 
hydnxhlorio  acid  to  200^,  is  resolv(<d  into  naphthalene  and  sulphuric  acid. 
Tlie  cliloriiies,  C,„H..S0,C1,  are  obtained  by  heating  the  poto-ssium  salts 
with  I'Clj.  They  crystallize  in  shining  laminn'.  n  more  soluble  in  ether 
than  a.  The  .-cbloride  melts  at  WO  C.  (l.iO.fr^  F.) ;  6  at  7liO  C.  (KiS.HO 
F.).  Bv  lino  and  sulphuric  acid  they  are  omvortud  into  Husmti>(iuu, 
C,„II,.9H. 

By  prolonged  heating  of  naphthalene  with  snlpbaria  a<Md,  two  Hit/ifilka- 
/••/udUtilfiliimic  nciJn,  ('iglie(SO,H),,  are  fonued,  whiuh  when  distilled  with 
K<!y  yield  the  eorresp<miling  ilici/anulej,  C,|,H,(CN),, 

Ifapthola,  C,gn,.OH,  are  formed  hy  fnsing  the  twomonosnlphonio  acida 
with  iHitusli. 

•-Moplitbol  Is  also  produci-d  by  iKiiling  the  aipn'ous  solution  of  diaio- 
i.ni,l,!(..4l,  111.  iiifr.it,.  (from  «-naphthylatiiine)  with  nitrous  ocid.  It  crys- 
liioiifM-linic  prisms,  melts  at  94'^  C.  (201.20  P.),  boils  at 
-i&-53l)'J  F.) ;  is  nearly  insoluble  in  ciild  water,  some- 
what mor-:  hi.lublc  in  hot  water,  easily  in  almhol  and  ether.  Ferric  chlf>- 
ri'l<>  and  bleaching  powder  give  to  the  aqueous  solution  a  Irausieut  vi(U«t 
color. 


NAPHTHALZNB    QKOOP. 
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With  alkalies,  etc.,  >-na]>bthol  forniB  derivatives  exactly  like  tbonf  oT 
phuoiil.      The  rlhi/lie  ethrr,  L'ljl^.O.CjH,,  is  a  t«lnrl>^s9   liquid,  boiliuic  it 
2720C.  (521.00  K.).  not  »<>li<lilv'"«  «t— SO  C.  (230  K.).     ^    i        ' 
C,,U,.O.C,HjO,  formed   hy  th«   action   of  acetrl   cUl<>ri<l' 
li4uid,  tusuluble  in  water.     Thu  benzoyl  derivative  melt*  j..  . ;. 
¥.). 

{OH 
^.^^  (1  :  4)  obtained  by  boiling  nitron^ihlhxl<l 

amino  (m.  p.  IfllO  C,  375. fco  F.)  with  {wtaah,  crystoJliies  from  alcohol  liJ 
li-mon-yellow  capillary  nwjdies  ;  from  awtio  acid  or  a<x-tone  in  golden-.v<;llo»| 
prismii ;  mnlta  at  lt>4P  C.  (327. 20  F.).  Its  sodium  salt  is  a  yellow  djtf-Muffl 
uallwl  Caw/iobetla  i/ellaie.  By  reduction  with  tin  and  HCl,  it  yields  amiilo-l 
■-iinphthol,  which,  by  boiling  with  brouiiu«-wat«r  or  by  the  action  iifl 
uitrou:!  acid,  is  convertt'd  into  naphthoquinone. 

An   isomeric   nitro-<-naphtliol,    formed   from    tlie    nitronaphthylunln*' 
melting  at  15SO-1390C.  (316.4O-318.20  p.),  crystallizes  in  greeniah.>.4j 
low  lamins,  melting  at  128'^  C.  (2t)2.40  F.),  muck  less  soluble  in  alcob 
than  the  prcoeiling. 

IJinitrn-a-iuiiihthul,  C„Hj(NO,),OII,  is  formed  by  mixing  «-n»pbthyl*miil«| 
with  4-0  parts  of  strong  nitric  ncid  ;  by  Uijliug  diazonnplithalenr  li_vdr«-l 
chloride  with  nitric  acid  ;    or  by  gently  heating  a  solution  of  «-iiapiiih* 
lene-sulphonic   ncid   with   nitric  acid.     Shining  sulphur-vellow  rrvi^Ull,] 
melting  at  13HO  c.  (280.2O  F.),  sparingly  soluble  in  alcohol  and" 
more  freely  in  chloroform.      It  forms  salts  with  hoses,  atid  deoomp 
bonates.     Its  calcium  and  sodium  salts  form  splendid  yellow  dye*.  1 
as  naphthalene-yellows. 

Dinilronaphthol  treate<l  with  »inc  and  hydrochloric  acid  yields  tli 
hydrochloride  of  diamUlonaphtkol,  C,,Hj(NH,),.OH,  the  aqnt«ni  solution  ( 
wliicli  is  converted  by  exjwsure  to  the  air,  or  by  the  action  of  ferric  chlo-i 

ride,  into  tlio  hydrochloride  of  di-imidonaphlhol ,  C,5lIj,(OH)<^t,}:^  , 

fi-Naphthol  or  Isonaph  thol,  C,,H,.OH,  from  S-naphthalere-sii 
phonic  acid,  crvslallires  in  small  rhombic  tables,  melts  at  122^  C.  (251.0 
F.),  boils  at  2850-2900  0.  (!)450_5540F.),  and  fiublimcji  with  grvat  facilitr;] 
dissolves  sparingly  in  boiling  water,  easily  in  aUx)hol  and  ether.  Tb 
ethi/lir  ether,  C,oH,.O.C,Hj,  melts  at  330  C.  (91.40  F,),  the  acetvU-umpuun 
at  6(0  C.  (14<TO  p.),  the  benzyl-compound  at  lOTO  C.  (224.t!OF.). 

Dinitro-S-naplithol,  obtained  by  heating  the  alcoholic  solution  of  {t-naph 
thol   with  dilute  nitric  acid,  forms   yellow  needles  melting  at   1950  C. ' 
(3830  F.). 

DioTynnphthnUne  or  Naphthohyttrnqninonf,  C,oH,(OH),  (1  :4). 
Is  formed  from  naphthoquinone  by  beating  with  hydriodic  acid  and  annT- 
phous  phosphorus.  It  crystallises  from  hot  water  in  long  colorless  n^ •  '!•  ■ 
melting  at  17(P  C.  (348.80  p.),  c<mverted  by  oxidation  into  nnphll',' 
none.  An  isomeric  compound,  obtained  from  naphthalene-disulphoair 
acid,  forms  needl<>8  slightly  soluble  in  water. 

Naphthoquinone,  C|„n,<^-r>,  is  formed   by  oxidation  of  nipb- 

tlialene  with  chromic  anhydride  dissolved  in  glacial  aci-tit  acid  ;  uiol 
readily  by  adding  a  dilute  aqueons  solution  of  chromic  acid  to  a  solntii 
of  dinmiilo-naphthalene  bydrocliloride  (p.  947)  ;  on  distilling  the  liqoH 
the  nnphthoquinono  passes  over  with  the  steam.  Large  snlphur-yello 
tricliiiic  tables,  having  a  pungent  o<lor,  melting  at  1250  r.  (257-  P.),*u| 
liming  Iwlow  IfKIO;  insohilile  in  cold  water,  slightly  soluble  in  cold  ala 
bol,  easily  In  hot  alcohol  and  in  ether.  Couverteil  by  oxidation  with  niti 
acid  into  phthalic  aeiH. 


MAPUTHOIC    ACIDS. 

r>irUormnpSthoifuinone,  C,aH,Cl,0„  is  fonnod  by  beating  a-naphthol  or 
dinitriiunphlliiil  (miniuercial  im|>litlialeii<}yelluw)  with  puUsaiuiii  cliluralu 
and  hydr<K>lil.)rlo  acid  ;  also  by  tlie  action  of  chromyl  cUloridi-,  t'rO,Cl,,  on 
k  Milu'tion  of  napbtlialenu  in  glacial  acetic  acid.  Cryatallizefi  in  goldvu- 
yollow  ntwdlt'S  melting  at  ISHtj  c.  (372.20  F.)  ;  oxidi»«l  by  nitric  acid  to 
phthAlic  acid  ;  oonvt-rted  by  PClj  into  C,oH,C'lj,  which  oxidizes  to  chloro- 
phtiialio  acid.  Boiled  with  soda-lye,  it  dissolves  with  rcrd  color,  forming 
Iheaodium  salt  of  chloronapbthallc  acid,  (■|plI,Cl(0,)OH,  which  erysUUixes 
in  yellow  needles,  melliug  at  2000  c.  (39:i&  h\). 

Oxgnapktkoquinone  or  Haphthalenie  acid,  C,jHj(OU)<^J^^  , 

b  tbrmed  from  the  hydrochloride  of  di-imidonaphthol  (p.  it48)  by  heating 
with  dilut«  hydrochloric  acid  to  1200  f.  (24t.o  K.). 

C„n,(N,H,)OH     -J-     211,0     <=    2N'H,    +     C„H4(0,)0H . 

Light  yellow,  strongly  electric  powder,  or  yellow  needles  ;  sparingly  sfllu- 
ble  in  hot  water,  easily  in  ah-nhol  and  ether ;  unites  with  nasieiit  hydro- 
gen, forming  trioxynaphthalene.  It  is  a  rather  strong  uionubasio  acid, 
rapable  nf  det^inposing  carbonates.  Its  alkali-salts  are  blood-red,  and 
easily  soluble  tn  water. 

Dinxynaphlhoquinone  or  Naphtha inrin  ,  C,pH,(0,)(OH)5. — ^This 
compound  is  a  dye-i4tuff  very  much  like  alizarin.  U  is  obtained  by  grad- 
■ally  abiding  dinitronuphthol  (4  part.s),  and  );rnnu!ated  zinc  (}-l  part;, 
to  a  mixture  of  strong  sulphuric  acid  (M\  purls),  and  fuming  fculphuriu 
•irid  (4  parts)  heate.1  t«  2tMlO  c.  (iil-JP  V.)  (not  aUive  2UiJi->  V.,  iU\0  V.), 
On  diluting  the  mixture  with  water,  boiling,  and  Altering,  the  nuplitha- 
xarin  separates  as  a  red  gelatinous  mass,  wliitli  tnny  (h!  pitrilled  by  subli- 
m^tioD.  Long  needles  having  a  splendid  green  metallic  lustre,  dissolving 
in  alcohol  with  re<I,  in  ammonia  with  sky-blue  ojlor.  The  solutions  give 
riolet-blue  precipitates  with  baryta-  and  lime-water,  crimsuu  with  alum. 

Hapbtholo  Acids,  C,,H,.CO,H. — a-Naphthoic  acid  is  obtained  from  a- 
rran-iuaphtlialeue  (p.  945)  ;  also  by  fusing  potassium  a-naphthaleuesul- 
phiinate  with  s<xliuui  formate,  and  by  the  action  of  sudium-amalgani  on  a 
mixture  of  bromonaphthalene  and  ethyl  clilorocarlxinate.  Slender  needles 
melting  at  l(50O  C.  (3200  v.),  slightly  soluble  in  hot  water,  easily  in  hot 
alcohol.  By  distillation  witii  baryta  it  is  resolved  into  naphthalene  and 
MrlxiU  dioxide.  Its  rlh(/lic  ethrr  Iwils  at  30i*0  C.  (.188.20  K.)  ;  the  ddaridt, 
C"„IU-XK'I,  at  2970  C.  ('.VKi.UO  v,), 

i- S'aphtMoic  or  honoplilhnir.  ami,  from  £-oynnnnRphthalene,  crystallite* 
fr«in  hot  water  in  long  silky  needles  melting  at  1820  C.  (359.60  F.), 

Oxynaphthoio  acids,  C,jH,<;^^  ^  ,    are   form«l   from    the   two 

naphthola  by  the  action  of  sodium  and  carbon  dioxide.  The  a-acid  nielta 
at  1850  C.  (36ISO  F.),  and  forms  Holutions  which  arc  oolortni  bhie  by  ferric 
chloride.     The  £-acid  is  difficult  to  prepare. 

\aphthalrne-<iirarhonic  aetdt,  C,oH,(CO,H),. — Of  thpsp  acids 
there  are  three  known  mo<iifications.  Two  of  them,  ■  and  6,  are  obtained 
by  heating  the  corn-sponding  dicvanonaphlhalcnes  with  strong  hydro- 
chloric acid  to  20(K)-2ino  c.  (392O-410O  F.).— «.  Forms  long  po'inted 
nndlM,  melting  with  decomposition,  above  3000  c.  (5720  F.)  ;  its  salts, 
«zee|H  those  of  the  alkalies,  are  but  slightly  soluble  in  water.  Tlie  P-acid 
b  rery  much  like  the  a-acid,  except  that  it  crystallites  in  short  slender 
aeedlei. 
80 
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The  third  ni  ■"  " 
thene    am)    »' 

needlea,  and  <It 

into  water  and  the  a 

The  acid  is  iii'.irly  II 

yields   iiajihtlialxim.     Tim  mtihi/lir  rtkrr,  <'|„lt,(<A>,CiJ^j, 

jvisQU  melting  at  l(Kja-lli3<i  C.'CiiS.t?^^!".*^  V.). 


cTTitaiUMB 


I",  through  a  ntlUut  lul>- 
■n    fruiii    potroU-uiu :  lui-U 


imlaahhaa* 


Dlnaphthyl,  C,H„  ^  C„H,.C„H,,  ia  formed  \>y  lh«  lurtioa  of  (Mti-qs  m 
muniibnimoiiapUtlialeue;    \ty  oxidation   of  ii<i' 
Kulphuric  aoid  ;  and  hy  heating  mi-rcuric  n.i, 
947).     ('..I'l  •-=   '  rminie,  witli  a  ni(ilhiT-of-(i.  .i. .    . 
in  mid  a.  ly  in  •■tlu-r  ;  nii'ltn  .-it  IS+i  (.'.  (S 

wiUioitt 'I  .         inn.     By  furllii>r  oxidation  will 

aoid  it  is  onnverted,  like  naplithalune,  into  \>\i' 

Three  UoJiiui/JitJtj/tn  nrt*  oliiniutnl  by  ]iA2(»iiig  i- 
luixi-d  with  antiuiiM' 
rnli'd  hv  rei"'ati<d  ■ 
1-17'',  niid  7r.o  (•.  (Au'.u-'.  .  "..(iO,  1(J70  K.). 

DiaH/iliihiiliHriluiiui,  i:„H„  =  f,,U,.<.'H,.C„H„  olitainiM]   (Ilk*  dii 
metliajic,  ji.  9'Ao)  liy  Ihoaitinn  of  tnl'i.nr..-  -..i.)   ..i.    .    ...■•.....  .  , 

l^ialone  and  inetlivlal  diluted  with  ' 

melts  at  l(t90  c.  (i2^.::0  P.).  bolU  i. 

K.),  aiid  uiny  In*  distilloti  wjtIuMit  de<^>intHiMtiiiii.     \N 

tlie  onui|>oaud  CaH„.3C,H,(N0|),0,  which  orystalli. 

prisnis. 

Homotogaes  of  Naphthalene  ftre  obuluwl  brth*  arttoaaf 
on  a  mixture  of  bromonni  '    '    '  '      '     ■    ■• 

ether;  and  lln-ne,  when  j 

gi-n  and   nnsaliirnleti  hv.; 

thirk  li<inid,  iKiiling  at"lj;i;r->  f.  (■«; 

486.tJO  F.),  and  doea  not  aoUdify  at'— i*i>  C.  ^«J.«-  *'.> 

Acenaplitbene,  '^\,^a  =  '^,t^t-^\      .  b  funned  bjr  p«Mlii|(  atkH- 

naphthalene  throngh  a  red-liol  t<i1»e,  anil  cHiMim  in  ' 

oil  Ix.iling  at  aTHiO-WfO  C.  ( 4 1*20-5 (Hf  P.).  fmm  w!i 

by  cooling.     It  cjvstalllii'si  frmn  fosi 

needlo:  raelU  at'il.l^'  T.  013°  P.) 

witl.      •     "         ■  !   •'  ■   '■ 

fr,.n 

Byn^,..; _, 

naphthallc  aeid  (p.  B49). 


II 


Aoenaphtbyleoe,  C„fl,  >=  C, 


of  .1 

colli 


..".<;"' 


U  I. 


ta  ftiranl  tijr  paasin^  tb*  rap 

It  ditaoKn  rati]/  ia 
at  onitikarT  tnaprrktan 

■■  ■   .1  d. 

oatui^Ma 
...._.-  ,,      :-,-   ^linimte  I 

I  to  uaphtluJIo  aotd.     ila  dibronM*,  i;^U,iir,, 

1  ._). 


PHEKANTHRENE. 


FHENANTHRENE  AND  ANTHRACENE  GROUP. 

Th<f  prima/y  «)m|>oiiDde  of  this  group  are  two  istomerio  solid  liydr<>o«r- 
Irnis,  I ',,11,1,,  ixM-iirriii);  in  tlie  portion  of  coal-tar  which  l)oil»  b«'twe«n  32tiO 
aii.l  3(W  C.  (uoSCi-CSOO  F.>.  Tlu-y  arc  nearly  rrlat«i  to  U-niene,  and 
thi-ir  luo'i^-ft  of  lorniation  and  d(!conipo«lti<in  show  that  their  Btructiire  may 
be  VL-ry  prohal>ly  represented  by  the  following  formuln : 

C,U.— CU  ^CH 
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I 

C.H.-TH 
Pbruaotbreae. 


Antbritoeoe. 


in    S 


Botli  consist  of  two  benzene  residues  united  by  the  group  C,H, ;  bnt 
|thunauthr<>ne  the  two  twnxone-groups  are  joined  direotly,  in  the  same 
mauner  as  in  <liphenyl,  whereAS  in  anthracene  they  are  united  only  through 
tlie  rauilium  of  the  group  =CH — CH=. 

Pbenanthrene.  C„n,g,  may  be  formed  by  abstraction  of  hydrogen 
from  dibeuxyl,  C,,H,„  and  titilUine,  C||U,„  when  the  vapors  of  these 
bitdina  are  passed  through  a  red-hot  tube;  also,  together  with  anthracene 
and   other  hydrocarbons,  from  toluene  and  ayleue,  by  similar  treatment 

(p.  eii;). 

'•' ""irene  is  prepared  from  crude  anthracem- — the  high-boiling  por- 

li  tar — by  euUeeling  apart  tlie  portion  which  Ixiils  between  320O 

i-  .  (6(lSC^6U2'^  K.).  »ti<l  Ijoilifig  the  mass  with  nh'ohol.    The  solu- 

tion on  cooling  deposits,  Ur«t  anthracene,  and  then  pheuantbrene,  which 
mnr  Iw  oliljiined  ijuito  clear  by  two  rocrystallizations. 

'  rene  crystallizes  in  ivilorless  shining  laminic,  and  exhibits  a 
I  "SCGUce,  especially  in  solution  ;  mi'lts  at  ICMiO  ;  boils  at  34110  C. 

(i-n-  t.)  .  dissolves  in  50  parts  of  alifihol  at  13^  c.  (55.40  F.),  easily  in 
boiling  ali'ohol,  ether,  and  l)enzene.  It  unites  with  picric  acid,  a  mix- 
ture of  the  saliirateil  alcoholic  solutions  of  the  two  IxHlies.  de|iotiiling  the 
oumpoaad  <',,Uie-'.'»Hj(NO,),0,  In  reddish-yellow  nee<lles  melting  at  1430 
C.  (2^i'.4^  F.).  By  boiling  with  chromic  acid  mixture  phenanthreneis  con- 
T>>rte<i,  first  into  phenau  t  hrene-quiaone,  and  ultimately  into  di- 
pheuio   acid    (p.  94'J.). 

nunanlhrfne  Irlrahi/tlnilr,  C„n„,  formed  by  heating  phenantlirene  to 
3JfK4-244>^  0.  (41i>^^ti40  F.)  with  hvdriodic  acid  and  amorphous  phos- 
phonis,  is  a  li.juid  U.iling  at  3(XiO-3li>i  C.  (572Q-5yiK>  F.)- 

f- >-'rnr  dihromitif,  C„H,„Br,,  obtained  by  direct  combination  in  ethe- 

r  i,  forms    prismatic  crystals,  and   is   resolved,  by  heating  with 

«  "iiO,  Into  UUr  and  bromnjifienanlhraie,  C„H^r,  which   mella   at 

«30C.  (145.40F.). 

C,H,— TO 

Plienanthrene-qntnone,  C„H,0,  ^  I  |      ,   is    formed    by 

li  ''nanthreno  with  chromic  acid  mixture,  or  by  adding  chromic  an- 
il solution  of  phenantlirene  in  glacial  acetic  acid.  It  crystallizes 
!  1  in  shining  orange-yellow  nei>dlo«,  melts  at  198-'  C.  (38>i.40 
1  1  without  decomposition,  disiolves  sparingly  in  hot  water 
:.  ihol,  easily  in  hot  akwhol  ;  dissolves  in  strong  snipliuric  acid 
V  r.-en  i-olor.  and  is  precipitateil  therefrom  by  water.  It  unites 
a,  «lium  sulphite,  forming  the  compound  C,,H,0,.SO,Nan -I- aH,0. 

threne-qninoae  is  oxidized  by  chromic  aoid  mixture  tu  diphenio  ^m 
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»cid,  and  reduced  by  lino-dust  U>  phenanthrene  ;  when  igniWil  «iOi  i 
limu  it  yields  diphenyl. 

PUmanthrtne^hydntquinoM,  or    iJiosi/jihtnafillirfnr,    <  ,,   tink«4  if 

the   nclioii  of  BuIpburouB  acid  on   )ih<-iiautliroiif-.,  r.rsUIU**  a 

OolnrU-sg   needles,  whkli.  whrn   expoawl   to  tliu  Air,  tutu    I'rown,  ainl  v 

riMisidized  to  the  quinone.     Its  diaiytyl-ooiupounil  orjatallktM  la  Isbki 
meltiuK  «t  302O  C.  (395.0°  F.). 

Antbraoene,  C^ 
1.  By  passing  benxyl-toldene  llirough 
oxide: 


H„. — ThiB  hydrocarbon  may  ha  fonnad  arUtcfaBy  '- 
tlnene  llirough  a  red-hut  tuU)  or  over  haatol  tm4 

C,Hi.CH,.C,H..CH,  =  C.H.<^/^C,H.  +  2n,  . 


2.  By  heating  llqnld  phenyl-tolyl  ketone  (p.  941)  with  xioo-dnat : 

CHj.CO.C,H..CH,  =  C,H4<J;{|>C,H.  -f   H.t)  . 

3.  Together  with  dibeniyl,  by  lieating  beniyl  chloride  with  waJar  «i 
19CO  C  (3740  K.)  : 

4(c,U5.cu,a>   —  c„H„  +   c,.H,.  +   -lua. 

Anthracene  is  prepared   from  the  high-lxiiliiig  t«<>rtiona  of  onal-lar 
repoatvd  distillation,   pri-wnrv,  aud   r«Ty8tnlli»»ti"n   fr»>in   l»in»*o«. 
obtain  it  quite  pure  and  cjlorltws,  it  must  be  - 
ratur«  as  possible — best  by  lieating  it  till  it  !>■ 
ing  a  strong  current  of  air  over  it  from  a  pair  <m   i~-im'w  n. 
in  hot  Itenieue  may  be  bleached  by  ex|i<>sure  to  sunsliinc. 


i 


il.l.~ 


i-Yl. 


U.<ilieU>- 
rrr«ulli.' 


Anthracene  crystallixes  in  colorless  aioniM-lin 
blue  fluorescence.     It  dissolres  sparingly  in 
hot  Uiuicne  ;  melU  at  ai30  <;.  (41.').4"  K.),  an 
little  alwre  MOO  C.  (tiSlV-  F.).     lid  solution  iu 
acid  the  compound  C„H,o.2f,ll,(J!0,),0,  which 

A  cold  sMurated  solution  of  anthracene  in  1 
deposits  tabular  crystals  of  an  iiionierio  nimlr 

anthracene.  It  Is  nej»rly  insoluble  in  1..  .i*.  .i.-,  •-  i-it  ».ij«»r.j  .^ 
nitric  acid  or  bromine,  melts'  at  '2440  C.  (471.'.^  K.},  and  i*  at  Ui«  ■«■■ 
time  converted  into  ordinary  anthracune. 

Anthracene  dihydride,  C„H„.  fomiMl  br  bcatlnr  anthrawas  <r 

aiilhrn<iuinoue  with   hyilr-    '  ■         '      '        •    '      ■'      ' 

soilium-atnalgam  on  its  i 

easily  soluble  in  al'-'ii"l  ...^..:   . 

C.  {oSlO  F.).     On  1  lajH.r  thr. 

into  anthracene  an  ^  ■  n.     Tb"   ' 

longed  heating  of  aulb(ae<-iie  or  tli 

3vK»-23llO  C.  (3'.ia-04aso   F.).  er^  at   €»=  V 

(145.40   F,).  l»>ilrt   at   29<w  C.  (.^5^     K.;       II   '«  ^  "r^   ...iii^I  ■  Iu 

othnr,  aud   boniene,  and   U  rmolved  at  a  red  heat  into  anlhmMni  «i4 

hydrogen. 

Anthraeenn   dichlorfl*.  f,.n,,jn,,  *>rm-<l   Kv   p""^"?   •fclortat 
gas  over  antbraoene,  rrv - 
(Kilaiih    into   (',,H,ri.       ' 

ft  n  •  '     r  -    -      -  •  ■      M    '"'^    _    ,,     iiirnirvt.    ,i  mm  ii     ,  ,  ,  -vwi.  i .  t.-i    ix    ,  . 

m.  F.),  and  yields  ■olulhiiw  having  a  «| 
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DMiromant  iirsoene,  C„H,Br„  U  rormml  as  thv  sole  product  of  the 
ictiuD  of  broiuiiie  uii  a  Bolution  of  iuitlir»cit'Uu  on  enrbun  iiul{>hi<l(].  It 
crrttnllizm  in  goUleii-yellow  iieedlcrs,  melting  at  'I'llO  C.  (42!l.t)'-'  K.),  and 
ii  rmx>n vrrtutl  into  anlliracune  l>y  lir.iting  with  aluuhulic  {mjIojIi.  Jjibrom- 
aal^Torrne  (rlriibromiJe,  C,,U,Urj.  Br,,  is  forniwl  )>y  pa»E<ing  bromitid  vajwr 
or«r  finely  dividi'd  BUthrac4.>ni<  or  dibroniantliraofue.  Hard,  thirk,  color- 
Uas  tabl«<,  mi'lting  with  dccompoaition  at  17(iQ-18(X>C.(338Q-35UO  p.), 

AnotliiT  uioililicalion  uf  dibrouiaiithrtu'unu  i«  f(inn<!d  by  hnating  dibrom- 
antbraquinone  will-  ill  and  pbuspborus  to  15(P  C.  (302O  F.)  for  eight 
hoars.  Holden-yellow  tabl«i,  nu'lling  at  19tiO_l!)20  (_■.  (3740-377.(>0  F.), 
mora  aolablo  in  aluohol  and  buuzene  than  tliu  preceding  modiflcatiuu. 

Anthracene-galphonic  acids,  mono-  and  tJi-,  are  formed  by  ht^at- 
ing  anthroct^no  with  strong  Bulphuric  acid,  the  fonncr  at  HUP,  tha  latttr 
at  ISllO  c.  (302O  F.).  Thr  luonosulphonic  acid  is  prCHlucLtl  in  two  isomeric 
modiflcations  (■  and  B),  which  may  bu  separated  by  means  of  tht-ir  lead- 
•alta.  That  of  the  s-aoid  (the  chief  product}  crystal lixuii  in  light  yellow 
laniinc  (C'„II,SO,),l'b  -\-  4H,(>,  and  is  much  more  soluble  than  that  of  the 
A-«i:id,  which  crystallizes  in  prisms  containing  7U,0. 

Anthraphenols,  C,,H,gOssC,,H,(OII). — Of  these  bodies  there  are  two 
mctameiic  moditicatioua,  viz. : 


CH 
C.H.<^|    ^C,U,.OH 

^rii^^ 


Aotlirol. 


C(OH) 

ADthraool.'' 


Anthrol  it  formed  in  two  isomeric  modifications  by  fusing  the  alkali- 
MlU  of  the  two  isomeric  anthracene-monusulphunic  acids  with  potash  or 


a.  Light  yellow  needles  or  lamiuie  having  a  strong  lustre,  decomposing 
•t  250O  C.  (4f20  F.)  without  previous  fusing  ;  iusolubie  in  water,  easily 
•uluble  in  alcuhol,  ether,  lienzene,  and  alkalies.  The  alkaline  solution 
sb»i>rl>s  oxygen  from  the  air,  and  turns  brown. 

i.  Vellowish  prisms,  sutnewhat  less  soluble  in  alcohol  and  ether  than  a, 
which  it  otherwise  resembles  iu  every  resp«ct. 

Anthranol  is  formed  by  heating  anihraqulnone  (20  parts)  with  liy- 
drio<lic  acid  of  1.7  sp.  gr.  (M)  parts)  and  phosphorus  (4  parts)  in  a  vessel 
with  reversed  condenser.  It  crystallizes  in  yellowish  newUea,  melts  at 
163O-170O  C.  (32r>.4Q-;«feO  F.),  is  nearly  insoluble  in  cold,  more  soluble 
In  hot  alkalira.  The  solution  absorbs  oxygen  from  the  air,  and  then  de- 
ponits  anthraquinone  on  killing.  Anthranol  is  also  converted  into  nnthra- 
quinone  by  oxidation  with  nitric  or  chromic  acid,  and  into  anthraeene  by 
heating  with  zinc-<lust.  With  neetic  anhydride,  it  forms  an  acetic  ether, 
l'.,H,.<).C,H,0,  which  crystallizes  in  light  yellow  newilea  melting  at  12tJO- 
131C  r.  (2.'.8.bO_267.80  F.). 

Anthraqtiinona,  C„H,0,  =  C,H,<^^^C,H,. — Th in  oompoand, which 

may  Iw  regarded  as  a  doable  ketone,  and  differs  from  the  quinoncs  of  the 
benzene  series  iu  not  having  its  two  oxygen-atoms  directly  combin«l,  i» 
formed  by  oxidation  of  anthracene,  anthracene-hydride,  diclilor-ordibrom- 
anthracene,  with  nitric  or  chromic  acid  ;  also  when  liquid  plicnyl-tolyl 
ketone  (p.  941),  C,lij.C(>.C,Hj.CH,,  is  passed  over  heated  lead  oxide,  or 
heated  with  MnO,  and  sulphuric  acid,  or  with  chromic  aiid  mixture  ;  in 
aniAll  qnantity  also  (together  with  benzophenonu,  p.  1141)  by  distillation 

80» 
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of  rAloitim  benioat«  ; — and  by  heating  phthalic  chlorMe  uid  t»wiMHHW<t> 

tino-dust : 

^•"•<cwl   +  ^'"^  =   2HCT    +    c.n.<^^><:;n. . 

It  ii  moat  essitr  prepared  hr  adding  finely  pi)iinded  potjuuium  dlckraotal*, 
or  a  solution  of  cliromic  acid  in  glacial  acetic  avid,  lo  a  Uot  xJaUaa  td 
antbracvne  in  glacial  acetic  acid, 

Anllirni^uinone  subliinus  in  shining  yellow  niMKtl<«,  tn^tta   at   ZTJOC. 
(523.4'^  I''.),  dissolves  in  hot  bHUxeni;  and  in  ni  a  vary  itaU* 

ooropound,  not  fa6il,v  alt4>rvd  by  oxidizini;  aK'  liioni  by  lat- 

phliruus  acid,  like  tlii'  qninniicj)  of  thv  I"  '  '<xl  «illt   h)- 

drio-lie  acid  to   1^.I^:>C.  (30iK3  k.),  or  wi:  aratUA  tal* 

aiitlirac<<ne.     By  fusion  witli  puta»b  at  L'  i   _  .,h\t  \ 

cules  of  benzoic  aoid.     Heated  with  PCI.  to  lytc  -Atw  < 

it  yiel.ls  a  mixture  of  di- and  tHtra-eliloranthrac«.-ne  ;    ;;  

with  fuming  sulphuric  acid,  it  yields  sulpho-auids,  togetbef  witit  phtliA 
anhydride. 

Dibromanthraquinone,  0,,H,Br,Oj,  is  formed  by  hr-i 
quiiione  with  bn:>mine  to  KKJOj  or  by  oxidiling  tetrabromanti 
nitric  acid  ;   d  ichlora  n  th  raq  u  Inon  e  Is  fomiod  by 
Both  sublime  in  yellow  nn^dles,  and  are  converted  into 
ing  with  potash-lye  to  liVO  C.  (302°  F.)- 

Dinitro-anthraqninone,    C„H,<N"  ^  "    ."-■■■■'   ^r  hetO 
thracene  with  dilute  nitric  acid,  f<irm>i  :if(  at 

and,  like  picric  acid,  forms  crystalline  •      ^  ^  ...  -iiy  hjr 

bona.     An   isomeric  oompouud,  obtaincHl   by  the  action  of  a  oiii 

nitric  and  sulphuric  acids  on  anthruquinuue,  fomjH  small   light ^^ 

monoolinic  prisms,  cakes  to<.'cth><r  at  'Zi20  Q,  (4t<5.(X!  F.),  and  auUiiwa'l 
a  higher  temperature  in  suiull  needles,  with  partial  denimpusilina. 

An  thraquinone-sulphouic  acid,  C„H,<YS<^i",  an.l  1- 

phonic  acid,  C,4iI,0,|S0,H),,  arv  lionued,  tugelbcr  wUl.  nl 
dride,  by  heating  anthraquinone  with  strung  sulphuric  ' 
C.   (482O-J00O  ¥.).      The   disulpUonic  a«.i.l  is  fonncl 
heating   orthobenioyl-benioic   acid,    C,H,.C0.(.',I1,. 00,11    (p.   if^SX 
fuming  sutpburio  acid.     It  forms  yellow  crystalH  easily  solnhte  in  ' 

r<on) 
Anthrahydroquinone,  C,,H,(OH),  ■ir-H,<r    |  ^^«H« 

produced  by  heating  anthraqninone  with  (inc-^liut  and  puta«l>-ly«, 
yellow  llakeg,  which,  especially  when  rautat,  ar«  qniokly  irooararUal  lato 
anthraqntnone  by  exposure  to  the  air. 

Oxyanthraqtilnone.  r„H.O,  =  C,H,<J!J)>r,H,.(OH>.  — Thto   «(» 

ponnii  is  prixlx  Oior  with  alii.irin,  by  r  noUrdmaiiUii  >'. 

none  or  .iiitlj:  -nlphunic   ncid   with  hyUrosId' 

boiling  the   pi.-....,    ...;U    wal'-    '    ■■'   ■    ■■••*—■•-• 

alizarin   is    )ire<'i]iil»l(vl,    and 

thrsquliiOMc  is  formt*!  syntheti 

anthraquinonr,  by  heating  phlhalio  anhydride  and  phroni  with  (Ifo^g  i 

phuric  acid : 


ALIZABIN. 
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The  two  iaomprides  may  be  separated  bj  ammonia  In  which  oxyantbra- 
qainone  is  solublK,  erythrozyantbraquiuone  in»olubtt>. 

Ojcfunlhraquinone  is  equally  Eolublu  iu  bot  and  in  uold  alcohol,  crystal- 
lize* in  sulphur-yellow  iieedlea,  melts  at  •MHO-TIIOC.  (al4.40-5iy,»0  p.), 
and  sublimoii  with  9om«  difficulty  iu  lamiuir.  It  diH.i(ilvt'!i  readily  iu  am- 
monia, baryta-water,  and  lime-water,  and  dt>cotuijosua  bariuiu  carLx>uate 
«h«a  boiled  with  it  in  water. 

'  £rftAraxfanlJir<u/uiiioHi;  ia  more  soluble  in  hot  tliaii  in  oold  alcohol,  orya- 
talliiua  in  orange-yellow  needles,  meltg  at  173Q-1BKO  C.  (343.4Q-35(iO  y.), 
ami  sablimes  at  15(P  C.  (SU^i^  K.).  It  ia  nearly  ioiiuluble  in  dilute  am- 
nioni&,  forms  dark-red  lakes  with  baryta-  and  lime-water,  and  (like  aliza- 
rin) does  not  decomixMie  carbouutc  of  biiriuni.  Uuth  oxyauthra<iuiuuued 
arv  converted  by  fuaiuu  with  [lutoiili  into  alizarin. 

Dloxyanthraqoinonei,  CiJ'iO*  =  f^nH,(OH),0,. — This  formula  in- 
dudca  eight  known  compounds,  iu  three  ot  which  the  two  liydroxyl-groupa 
Wa  aitaated  in  the  same  benzene-nucleus,  while  four  others  have  one  liy- 
drozrl  in  each  benzene-nucleus,  and  in  the  eighth,  the  pusition  uf  these 
(roapa  ia  uncertain. 


I.  Dioxganthraquiaones,  C,II^ 


L'»'i><ou  • 


Buberythrio  acid. 


1.  AucABi.'f. — ^Thia  compound,  in  which  the  two  hydroxyla  are  supposed 
fa»  stand  to  unu  another  in  the  para-iH>sitiuii,  is  the  red  coloring  matter  of 
madder  root  {Rubia  tinctontm).  Fresh  madder  routs  contain  a  glucoside, 
called  raberythrio  acjd,  which,  when  the  roots  are  steeped  iu  water, 
U  reaulved,  under  the  influence  uf  a  peculiar  ferment  also  coutaiuctl  in 
them,  into  alizarin  and  glucose  : 

,0„     +     2H,0     =     C,.H,0,    +     2r,H„0, 
Ahz'iria.  Glucose. 

In  old  roots  this  change  has  already  taken  place  to  a  considerable  ex- 
tent, so  that  they  contain  free  alizarin.  This  spoutani-oua  change  was  the 
basis  of  the  older  method  of  obtaining  alizarin,  and  of  the  nse  of  madder 
ia  dyeing.  Various  methods  of  acoeleratin^  the  decomposition  hare  been 
iorented,  in  particular  the  treatment  of  the  pulverized  root,  previously 
exhausted  with  water,  with  strong  sulphuric  acid,  which  decomposes  the 
rab^rythric  acid  in  the  manner  al>ove  explained,  but  does  not  alter  the  ro- 
lultiug  alizarin.     Tlie  proiiuct  thus  obtained  is  called  garanciu. 

At  present,  however,  almost  all  the  alizarin  used  in  dyeing  is  obtainol 
by  artiflcial  processes  from  anthracene.  It  may  be  obtained  by  the  action 
of  melting  potash  on  various  derivatives  of  anthracene,  viz.,  dibrom-  and 
dichlor-anthroquinone,  the  two  monoxyantliraquiuones,  and  aiUhraqui- 
none-di.sulphonic  acid.  (Iraube  and  Lieherniann,  iu  lKt>t<,  llrit  pre|ared  it 
from  dibromanthraquinone,  and  Perkiu  flmii  afterwards  showed  that  it 
might  tM  obtained  much  more  economically  from  aiithraqQinone-disulphiinio 
acid.  This  last  method  is  now  carried  out  un  a  very  large  scale.  The 
mass  obtained  by  fusion  with  potash  is  dissolved  in  water,  and  the  alizarin, 
precipitated  by  hydrochloric  acid,  is  purifled  by  crystallization  and  sub- 
limation. 

Alizarin  crystallizes  from  alcohol  in  reddish-yellow  prioms  or  needles  con- 
taining 3  mol.  H,0,  which  it  gives  off  at  UHO.  It  melts  at  :i7r.O  C.  (527° 
F.)  (Liebermann  a.  Tr.wchV«)  ;  at  i8!)0_2W)0  C.  (,:ih2.-lP-5:,iO  p.)  (Claus 
a.  Willgero.it),*  and  sublimes  in  oranKt^-colored  needles;  dissolves  spar- 
ingly iu  hot  W7it4!r,  easily  in  alcohol  and  ether;  aleo  in  strong  sulphuric 
acid,  forming  a  dark-red  solutiun,  from  which  it  is  precipitated  by  watcf 
in  its  original  state. 

•  Ueutseh.  Oh.  Oca.  Ber.  IITI,  pp.  .161,  Ml. 
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Alizarin  hna  the  slrncturn  of  a  diatomic  phi-nol,  -.. 
acid.     U  diasolvea  iu  nlkttli(.-4,  fortuiuij  {>ur(>l«  boIi^ 
ciura  and  tuirium  salts  tlirow  down  1'  |.  .n.ln;^      . 

cipitates  (distiiicti'iu  from  uionoxyiii  ■   j 

Aliimiiiium- and  li- T'tui  h..i   ,..  -    ,  .    . 

gaits,  a  bl;ick-violi-t  Th«  u^- 

printing  is  fouudwl  I  i  ,      i..rly  of  fon.      „ 

with  luptallic  salU. 

Aliiarin  is  (x>uverU<d  bj  beating  with  xino-daat  iuto  knthracMie,  mad  I 
oxidation  with  nitric  acid  iuto  pbthalic  acid. 

Aliiarin    boiliHl    with    aui'lic   auliydrido  jritdds    Ant    WKmaertyl-ciu 
C,4»,(<.ill)(0(.',ll,0)t)„    and  aft«r    proloujjed    boiling,    tiiurttft-aiuipn,] 
C,.ll.(<>C,H,(.),Uj. 

Alizurimimute,  t.',!!,  ''  "    ''  "  '^''  >""    ''•"'n«<l  by  brating  alliariu  «* 
Bqu«"U8  aiiimunia  i  if.),  erjri)tallia««  ta  hmaa 

needloa,  uidting  ai  _:  K.). 

3.  QotxuABDf  ii  formed  hj  heating  phthalio  onbydri))*  ami  h<r4r 

none,  or  paracliloropliennl,  with  Bulpliuric  noid.     It' 
in  yollow  noedlua  uu'lling  at  1!»4'-'  C  (3K1.2P  K.)  ;  di- 
blue-violet  color;  foruiii  bliie-violet  prwipitntrv  witli  ...i .  ,.t  .. 
rod  with  alumina ;  and  is  reduced  tu  antbrawnn  by  beating  » i 

3.  PfBPPKoxASTHiit  (or  XanlhropttTjntrin)  ownm  In    >■■ 
madder,  and  ia  formed  from  purpurin  by  n«liiotion  with 
in  alkaline  Bolution.     Yellowish-red  needlro,  ra.  p.  2o"'.Jw-:J(;;r-  r.  i 
!)0.').43  F.)  ;  dissolving  with  red  color  in  alkalies  and    iMU-jrtA-wa! 
alkaline  folution  it  abtforbs  oxygen  from  the  air. 

Parparoxantblc  Aold,  f'ijiH,0,  =  Cp.n.n,  Co  n    ;<  a  ocniatllii«sl  of 
cotiiuiircial  purpurin,  from  whiuh  it  may  be  •  .   mMUM  of  teQIaf 

alum-liquor.     It  is  more  soluble  in  Imillngwai' i  .   -t  iiwi>1i1«r  <«ili>m 

crystallizes  from  hot  alcohol  in  yellow  iieiall.*,  uflu  ir 
F.),  and  epliu  up  at  2:i'JP--£i:'fi  C,  (44!).<.'0-461.-»o  K.)  i 
puroxanthin.  It  dissolves  in  a  Uiiling  solution  of  fi-rrie  i  ■ 
reddish-brown  color,  and  la  repreoipltaled  by  hydn>tiiliir 
(locks. 

Purpnroxanthic  aeid  is  most  prolmblr  identical  with  .Vufi/u^i*,  a.  < 
niatlor  exlra<'ted  some  years  ojjo  liy  Pr.  SleiiliMU-r  rrcm   \f,.^t,.t   , 
Indian  madder,  this  .sulistance  b<'ing  also  m- 
purpuruxauthin  (Scbunk  and  Rotituvr,  i'hmm.  ■■ 

11.  Dioxi/aHthratiuiHmai,  C,H,(OH)<{!^C,fl,(OII) 

4.  A  XTBBarLAVOSB. —  Firmed   fn-rm    oTrVnioIr    arM,   f.TI.ff 
CO.OII,  iu  small  ijuantity  by  •( 
ing  with  xDlphiirie  acid  to  I  hi 
siual  I  yellow  neiilU-s ;  subliunn    lUv.'  :iciii-m 
eniii|Ki6ition,  and  witliout   pn-viuus    fusion;    > 
water,  f>!...i.>i,    _..i,,i,i..   1 r. i,     ,„ 

brown  o  <  I  by  boating  with  lia 

into  oxyi"  _  . 

5.  AtrmaartAno  Aetn.— Pannnd,  tnirethor  with  luvanthndUvIo 

from  two  dllTi!'       '• 

alizarin  on  lli> 

Cl*l  alixifii.  ,^.,.;  .„.,., ...   ,,,.„.  »,.;.,  ,,,..  ,,, 
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r<>fnaining  andixsolrml),  the  red  solution  being  precipitated  with  hydro- 
rliluric  avid,  and  tliu  prucipiUitd  truatedwith  cold  baryta-water,  whirh  dia- 
it<dvx«  iso-aiithratlaviu  tu.-id,  and  leaves  the  autbrnllavio  acid  andiadolved. 

AutfaratJavic  oi-id  crytitallixes  from  nlcuhul  in  anhydrous  yellow  silky 
neeilles  :  melts  above  i'iVO  C.  (62tP  F.);  dissolves  in  alkalii-s,  with  yel- 
low iHli-r«d  cxilur ;  forms  with  acetic  anhydride  a  diuciti/l-a)mi>ouiiJ,  C..llt 
HKtH,<H),0„  melting  at  2a70  C.  (440.(i^  F.}- 

6.  Isu-AHTUBAPLAVic  Aciti,  prepar«.<d  as  above,  crystallizes  from  aqnenns 
aknhol  iu  long  yellow  ueedlos  with  1  mol.  H,U,  which  is  given  nff  at  15()0 
C  (3U:iO  P.);  the  anhydrous  compound  melts  alxjve  33iiOc.  (i52UO  F.). 
DisKolv«ss  iu  alkalies  with  deep-njd  oolor.  The  diacetyl-compouud  forms 
small  pole-yellow  crystals  melting  at  lySO  C.  (3Hc|0  F.). 

7.  CniiT»XKi.t,  prepared  by  heating  with  alcohol  the  diaio-oomponnd 
fnmiiul  by  the  action  of  nitrous  acid  on  sulphate  of  liydroehryKnnimide 
(infill),  crystsUiies  in  golden-yellow  laminie  or  red-brown  highly  Instroas 
u«hm1Ic»  ;  UK'll.'s  at  1910C  (375. tW  K.);  dissolves  iu  alkalies  with  yellowish- 
mi  Milor  ;  forms  insoluble  retl  compounds  with  lime-  and  baryta-water ; 
is  rerludod  to  anthracene  by  heating  with  xinc-dust.  The  diacetyl-com- 
pound  form!!  yellowish  luminie  melting  at  22tjO-230O  C.  (438.8Q-44li'0  p.), 

Tetranilruchrijsuzin,  or  < 'liri/siititinic  acid,  C,,H,(N0,),(0H)j05,  formiil  by 
healing  aliK'*.  orehryaaiin,  wilh  strong  nitric  acid,  cryslallljes  in  gnlden- 
yellow  Inniinie  sparingly  soluble  in  water,  and  reacts  like  a  strong  bibasiu 
acid.  Ily  the  action  of  reducing  agents  it  is  converted  into  tetramido- 
chrysKiin  or  chrysammide,  C',,Hj(Nll,),(OH)jO,,  which  crystal- 
liies  in  iudigo-bluo  ueudles,  having  a  splendid  coppery  lustre. 
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8.  FitAiiatTLio  Actv,  C,,H,0, -)-  11H,0,  a  dioxyantbraqoinone  in  which 
the  relative  positions  of  the  two  OH  groups  are  not  known,  is  formiM  by 
the  action  of  dilute  acids  on  frfingnlin,  C„ll.„t),g,  a  glucoside  contained  in 
th«<  bark  of  lihimuuf  frnniiala.  It  crystalliies  in  orange-yellow  needles  or 
pl8le«>  containing  1^  mol.  H,0,  gives  off  its  water  at  18(P  t".  (35tj<3  p.), 
and  melts  at  2&2O_i04O  c.  (485.0O-l»!>.iP  F.).  Reduced  by  zinc-dust 
to  anthracene. 


Trlozyaothraqulnonea,   CulInOj  =»  C,jHj(OH)jO,. — Of   these  com- 
pounds there  aie  four  kJiown  modifications  : 

I.    PraruHix,    C,ll,<^,r>C,H(On)j,  occurs   in   old   madder-root,   to- 

g«rlber  with  alizarin,  and  mar  be  separated  by  means  of  iKiiling  alum 
solution,  in  which  the  alizarin  is  insoluble.  It  may  be  formed  artiHciall.v 
from  alizarin  or  chrysazin  by  oxidation  with  MnO,  and  sulphuric  acid  at 
14<P-ltiU<J  C.  (2840-;i2(P  F.'),  and  from  purpuroxanthin  by  merely  heat- 
ing the  alkaline  solution  in  an  oi>en  vessel.  It  crystallizes  in  riwldish- 
yellow  prisms,  easily  fusible,  and  subliming  with  partial  decomposition  ; 
•oniewhat  more  soluble  in  water  than  alizarin  ;  dissolves  with  retl  color  in 
alcohol,  elber,  and  alkalies  ;  forms  purple-re<l  prccipitati/s  with  lime-  and 
barrta-w ater :  is  reihioed  to  anthracene  by  heating  with  zine-dust.  Wilh 
auolie  aiihrdride  it  forms  n  irinceJt/t-e'im/jouiul,  C,,Uj(OC,H,O),0,,  which 
crystAlIUes  iu  yellowinh  needles  melting  at  191IQ-1930  C.  (3740-379.4^ 
P.). 

/\trpnnnaiiMe,  C,,nj(NH,)(OH),0,,  obtained  by  heating  purpurin  with 
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aqm-ons   ammonin.  forma   brownish-green  metallically  lu«lrtii«  needle*.  ] 
Treated   in    liol  alooholio   aolulion  witU  niUous   acid,  it  ia  cou»ert«l  iiiui 
purporoxaathiu.  j 

2.  AsTiiRAPCRPriiix,  C,H,OH.C,0,.C,H,(OH),.  prodaoed  by  fusing  poti*. 
sium  aiithraquiuonB-Uiauliihoiiate  or  isuaiitlirallavio  acid  with  iK>t»»li,  fomu 
oraiig.?-iH.lore.l  iif«dle«,  melting  above  33l«  (.'.  (U^UO  p.),  suUimaWe  wilk 

f.artial  decomposition.  Dissolves  in  alkalies  with  line  violet  color,  »nJ, 
ike  alizarin,  produces  red  colors  with  alumiua-monianta,  purple  xad 
l.lai:k  with  iron-mordants  ;  but  the  reds  are  jiurer  than  those  of  alluriti, 
the  purples  bluer,  and  the  blacks  more  intense.  Its  triacetyl-ciiuiiiouud  | 
forma  Ught-yuUow  suales  melting  at  •-iaiA-iaj'i  C.  {42Sa-431.(iO  F.). 

3.  Fi.AVopcnpi'Bi!5,  C,n,OH.C,0,.r,n,(OH,),  formed  from  anlhrafl«Tio 
arid  by  fusion  with  potash,  erystalliies  from  aloohol  in  golden-jfllo* 
lietHlles,  melts  above  331IO  C.  ((iSti"^  V.),  snblimiM  in  long  nee<llrs,  liks 
alizarin.     Dissolves  easily  in  alvohol,  with  purple  color  in  alkalios. 

4.  OxTcuBTSAzm,  C,H,(0n).C,0,.C,H,(0n)„  produced  by  the  acUonotI 
melting  ix'tash  on  chrysatin,  is  precipitated  from  its  bluish-violet  solulint  ' 
in    alkalies   by  acids  in   brown   flocks,  and  crystallixes  firom  alcohol.     Ita 
triaoetyl-componnd  forma   light-yellow    ueudles  melting  at  192Q-193C>C. 
(377.t,a-.7lt.40  V.). 

5.  FBendopurpuiin, — This  is  a  constituent  of  crude  pnrpnrin,hither1a 
regardi-d  as  a  dioxyuliitarin  or  tetr.ioxyantbraquinone,  C'uH.O^,  but  Utely 
ahown  by  Rosenstiehl  (''o»iyi/«  rtiulua,  Ixxxiv,  fitil)  U)  consist  of  pur- 
p  u  ri  n-car  bon  io  acid,  t'jjH,0,  =  Ci^lijOj.COjH,  inasmuch  as  It  i» 
resolved  by  heat  into  CO,  and  purpurin.  It  is  also  readily  oonrert«d  into 
purpuriu  by  alkalies,  even  at  ordinary  temperatures. 

TetraozyaDthraqulnone,  C,«H,(On),0„  ia  known  iu  two  madil- 
oations  : — 

1.  ANTiiiiAcnRTSoKK,  C,n,(OH),.C,0,.C,H,(OH)„  is  formed,  like  anthra- 
flavoue,  from  iliosylienioic  acid,  C,Hj(OI!),.C0.OH,  by  dry  distillation,  orj 
by  heating  to  14fl0C.  ('ZmP  V.)  with  strong  sulphuric  acid.  It  is  insoliiMal 
in  water,  crystallizes  from  glacial  acetic  aciil  or  from  uU-rdinl  in  yellowish-^ 
red  needles,  melting  at  320°  C.  (608O  p.j;  yields  anthracene  when  heated] 
with  zinc-<lust, 

2.  Rrpiopis,  C,,H,(OH),0„  obtained  by  hnatlng  oplanlo  acid  (p.  923y| 
with  (iiilphuric  acid,  forms  yellowish-ritl  needli^  or  crusts,  dissolving  inl 
Blkalie.s  with  violet-red  color ;  yields  anthracenu  by  reduction  with  ziao-^ 
dust. 

A   third  motliflcation   is  perhaps  licmlopurpuriH,  which  is  oontained  in 
madder-root.     It  m  very  much  like  purpurin,  is  converted  into  that  sub-J 
stance   liy  liuiling  with  water  or  alcohol,  and   is  said  to  be  oouvvMod 
reducing  agents  into  purpuruxanthin. 

Rufigallic  aeid,  C,,n,0„  obtained  by  heating  gallic  or  digallic  <cW 
with  strong  sulphuric  a<'id,  is  a  hexoxyanthraquinone,  C,H  (011)^1 
<"i"3-t'»l'('>H)j.  It  forms  small,  shining,  brown-red  crystals,  cuntainin(] 
2II,<),  wliiili  it  gives  off  at  12(lo  C.  (24KO  p.),  and  sublimes  at  a  higlie 
teiiiperattire  In  cinnabar-red  prisms;  dissolves  sparingly  iu  hotwatcr^^^ 
alcohol,  and  ether,  with  brown  color  in  alkalies  ;  precipitated  with  iudigi)-1 
blue  cx>lor  by  b»ryU-wat«r.    Yields  anthracene  by  reduction  with  xinc-dost. 
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Methyl-anthracene,  C^H„=sC„U,.CH„  is  formed  by  passing  the 
TSpur  ui  auol/l-iuftliaiio  or  ditol.vl-t-tliantj  (p.  93*))  tlirough  a  rwi-liot  tiilw, 
and  bj  heating  i-lirysophaiiic  aciil,  i-iuodiii  orfloiii,  with  riiic-ilust.  Color- 
l<sa  shining  Iniuinic,  melting  at  200"  (.'.  ('M>20  p.);  slightly  sulubli,*  in  alco- 
hol, elhcr,  au<l  glacial  acetic  acid  ;  easily  in  chlurnforin,  (JS,,  and  lit'nieiie. 
i  Forms  with  /licric  urid  a  oom|Hiund  which  cryHlallizes  in  long  dark-rud 
I  asedlce,  and  is  deoomjKised  by  water  and  alcohol. 

M *l h^tanthraquiHone,  CiiH,„Oj:=  r,lI,.CjOj.C,H,(CHj),  obtain(.<d 
by  oxidising  methvlaulhracone  in  aloiholic  siihitioti  with  nitric  acid,  furmi 
sm&ll  yellow  needles,  melting  at  1«20-1(;:10  r.  (ai1.GQ-;l2f).40  F.)- 

Oioi yinelhi/lanthrnquinone,  (-'jjUmO,  ^  C„llj.Cnj(Oll),.Oj,  is 
known  iu  two  m<xlificatioiis  : 

1.  Methylalizarin  is  formed  by  tlin  action  of  melting  potash  on  the 
potsasiam  salt  of  methylanthraquinone-fiiilpliimic  acid.  It  doi^ely  rcKcm- 
hl*»  alizarin  ;  snlilimes  above  2(MlO  in  tuTts  of  siiiiiU  red  cryBtaLs  ;  melts  at 
25<»^2.V20C.  (•ISaO-IS.'j.COF.);  dissolves  in  nlkali.-s  with  bliie-viob-t  eolor. 

2.  Chrysophanic  acid  (Thrirticaciil,  fifitir  acid)  occurs  in  the  lichen 
Ihrmelia  /xirietina,  in  senna  leaves,  and  in  rhubarb  r<Kjt,  and  may  be  ex- 
trautM  therefrom  by  ether  or  alkalies.     It  crystallizes  in  golden-yellow 

,aeedle8  or  prisms,  melts  at  lti20  C.  (323. (iCi  F.),  and  sublimes  partly  witli- 
oat  decomposition;  dissolves  in  alkalies  with  red  color;  is  reduced  by 
tJDO-daat  to  methyl-anthracene. 

TrioTi/melkt/lantkrnquinon)!  or  Emorlin  ,  C^^fl^JO^^ 
C„II,(CIl,)(f)H)j.C)j,  occurs  in  the  bark  of  lOmmnus  J'raiujula,  and  in  small 
quantity,  together  with  chrysophanic  acid,  in  rhubarb  riKit,  and  is  sepa- 
rates! by  solution  of  sodium  carbonate,  which  dissolves  the  eniiHlin,  leav- 
ing the  chryfophanic  acid,  Long,  brittle  orange-red,  mon<H:liiiic  priMus, 
melting  at  24;">c^2.'>0O  C.  (473O-4820  F.);  converted  into  methyl-authra- 
oeDc  by  heating  with  zinc-dust. 

Anthracene  carbonic  Add,  r,,l!,.CO,ri,  is  nMained  by  healing  an- 
thrac<<ne  «ith  cartxinyl  chloride  lo  2IKiO  c.  (392°  1'.)  in  scaled  tulM"*,  dis- 
solving the  prrKlnct  in  80<lium  carlxinute,  and  precipitating  with  hydro- 
chloric acid.  Long,  silky,  light  yellow  needles,  ineltint;  with  decomiHisi- 
ti<m  at  2<HiO  r.  (402.f*O  F.);  slightly  soluble  in  hot  water,  easily  in  aliidiol. 
Oxidixml  by  chromic  a<:id  to  anihraijuinone  ;  resolved  by  hral  into  C<>,  and 
anthracene.  An  isomeric  acid,  obtaiuwi  by  saponification  of  the  cyanirle 
yrodncx^d  by  heating  potassium  antliracemi-siilphonnte  with  pota-isiuin  fer- 
rocyaiiide,  mella  aliove  220O  r.  (4280  F.),  and  sublimes  without  decora- 
position  in  oraugu-ycUow  needles. 


Jlj/drocarboni    of   Uxgher    Boiling    PoihI, 

Pyrene,  ('||H,„  and  Chrysene,  C„H,„  are  contained  in  Ihi^  |Kirllon  of 
ooal-tar  boiling  above  3G0O  C.  ((j>soo  F.)  (b.  ]i.  of  itnthracciie),  niiil  may  Ixj 
separated  by  heating  the  solid  mass  with  carlxm  sulphide,  which  dissolves 
pyr<>n«,  together  with  other  hydrocarbons,  while  the  chryscnu  remains  bo- 
hind. 

Pyrene  may  T>e  obtaintxl  pure  by  distilling  off  the  carbon  sulphide, 
dissolving  the  residue  iu  alcohol,  and  adding  tin  alcoh<ilic  solution  of  picrio 
acid.  Kod  crystals  theu  sciiarate,  comfisling  of  a  iximpouud  of  pyruuo  and 
picric  acid,  which,  after  purification  by  reixiated  cryst;illizati<m  from  alco- 
hol, may  be  decomposed  by  amnmnia.  I'yreno  crystallizes  in  plates,  uielts 
at    1420  r.    (2S7.I.O  F.),  and  distils  at  a  higher    leuii>eral ure  ;  dissolves 
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iparint;1y  in  ooM,  mors  readily  in  hot  aloohol  ;  very  eaailT  in 
utlii;r,  aiiil  carbon  sulpliiilo,  lU  picriu  acid  compoand,  C„U„.C,H,(N<i,),Q 
vrystiilliiius  lu  r«l  iiwdlt-a.  Heated  witli  liydriodic  acid  to  20i.<3  C  I'i:';" 
v.),  it  in  (xmvcrted  iutu  a  lie  xli  y  dride,  C„H,„.H,,  nieltin);  at  127^  ( 
(_'i60.GP  h'.).  Heattxl  with  vhrumic  acid  mixture,  it  yields  pyrene 
quinouu,  CifH,0,,  which  aublimea  in  r«d  needles. 

Chryaene,  C,,ll,„  the  portion  ofthe  high-lioilingooal-tar  hrdrorarboiM 
whioh  is  in»olal)le  iu  carlion  itulphide,  may  be  purified  by  re-peatwi  crr»- 
tnlliintluii  frimi  l>eiiieue.  It  is  thua  obtained  in  bright  yellow  glistening 
huali^,  which  cannot  bo  dtrcolorinnl  by  recrystallixatiou,  but  may  b<' nbtaiiird 
quite  eulorless  l>y  heating  with  liydriodic  acid  and  amorphous  phosplmrai 
til  24(iO  C.  (4()40  K.),  or  by  boiling  with  aluohul  and  a  aniall  quAntilr  uf 
nitric  acid.  It  dissolves  very  sparingly  in  alcohol,  ether,  and  carlKiu  Sul- 
phide, more  freely  iu  bt*nzeue;  sublimt^iu  dazzling  white  laminc,  which  ex- 
hibit a  One  blue  fluorescence,  and  melt  at  2.'>t)0  c.  {AH'JP  K.).  lt«  picric  acid 
c'lmpouud,  CuH„.C,H,(NO,),0,  crystallizes  in  brown  ne«<lles.  By  oxidatiim 
with  chromic  anhydride  dis8olve<i  in  glacial  acetic  acid,  it  yields  chry- 
sene-qu  inone,  (-'„11,„0„  which  crystallizes  in  red  iie«dh«,  melti  at 
235°  C.  (4550  F.),  dissolves  with  fine  blue  color  in  strong  sulphuric  a<;id,an(l 
is  precipitated  from  the  solution  by  water  in  its  original  state.  Chryienr- 
quinonn  unites  with  acid  soilium  sulphite,  and  is  reduced  by  sulphurouf 
acid  to  ohrysohydroquinoue,  C„H„((>11),.  By  diKtillation  Kith 
Boda-lirao  it  yields  the  hydrocarlmn  C„H,j  (m.  p.  KMO-lO.'iO  C,  21».-0^ 
'2'Z\0  v.),  just  as  phcnanthrenu-quiuone  yields  diphenyl  (p.  561). 

Retene,  C,,H,,,  oooars  in  thin  nnctaona  scales  on  fossil  pine-st«ms,  tn 
IhhIm  iif  peat  and  Iiguit4>,  in  Denmarli  and  other  localities.     It  is  prodaool 
in  the  dry  distillation  of  very  resinous  fir  and  pine  wood,  passing  ovrr 
together  with  the  heavy  tar-oil,  and  separating  in  ficah>s  like  paraffin  :  k\^: 
togelhor  with  other  hydrocarbons,  by  passing  acetylene  through  rt>lli' ! 
tubes.     It   crystallizes  in   colorlt>ss  lamin.T,   slightly   soluble  in   al>v<)i<>l. 
easily  in  ether;  melts  at  990  C.  (210.20  p.);  forms  with  picric  acid  tin- 
oimponnd  C,,H„.C,n3(NO,),0,  which  crystallizes  in  orange-yeUowneedl« 
is  converted  by  sulphuric  acid  into  a  disulphonic  acid,  and  by  rl.r  ■  i 
acid  mixture  intod  ioxyretistene,  C„H„0,  (m.  p.  194'J-19jOC.,  :>•' 
.3830  K.),  and  phthalic  acid.    DioxyretisU'ne,  heated  with  zinc-dust.  i>  •■•■ii 
verted  into  rotistene,  C„H,,,  which  crystallizes  from  alixihol  in  whili' 
luninir,  and  forms  a  crystalline  compound  with  picric  acid. 

Similar  but  less  known  hydrocarlxms  are  /icA<e/ite,  found  on  old  pine- 
stems  ;  Idrialin,  iu  quicksilver  ore  from  Idria  ;  and  Sdtttreriu,  in  bcdj  of 
lignite. 


TERPENE8   and  CAMPHORS. 

The  terpenes,  C,gll„,  are  volatile  oils  existing  in  plants,  chiefly  of  thf 
oonil'erous  and  aurantiacoous  orders.  They  hare  not  yet  b«en  formed  by 
any  artificial  priKv-as,  but  their  relation  to  the  aromatic  group  is  shown  by 
their  converoion  into  tereplillialic  acid  by  oxidation  with  nitric  acid,  and 
by  the  formation  of  cymeuo  from  turpentine  oil  (p.  819). 

Turpentine  oil,  the  most  important  member  of  the  groap,  is  enn- 
taimxl  in  the  wooil,  bark,  leaves,  and  other  parts  of  pines,  firs,  and  other 
coniferous  trues,  and  is  usually  prepared  by  distilling  crude  tur^wnuoo, 


the  oleo-re«inou8  Juice  which  exudes  from  inciitinng  in  the  bark  of  Uib 
trees,  eit)ii>r  alonu  or  witli  water.  It  was  foruioil.v  supposi'd  that  all  thr 
Tolatile  aiU  thUR  obtained,  and  havinj;  the  rotnimsitiDU  fijll,,,  were  iden- 
tioml  in  clietuioal  and  physical  prupurlieii ;  hut  reeeul  Inve^tigHliona,  espe- 
eisll/  tbiMC  of  Burtholot,  have  shown  that  the  turpentine  oils  obtained 
from  dilTerent  8(Uirc«53  exhibit  considerublo  iliversities  in  their  physical, 
iJtil  more  especially  in  their  optical  projx^rtius  ;  further,  that  most  kinilji 
of  turpentine  nil  are  mixtures  of  two  or  more  isomeric  or  polytnerir.  liydro- 
carlwus,  differing  in  physical  and  itometimes  also  in  cheuileal  properties. 
The4e  mollifications  are  often  producj^d  by  the  autiou  of  heat  and  of  chemi- 
cal reagents  during  the  puriQualion  of  the  oil. 

The  seTeral  varieties  of  turpentine  oil,  when  purified  by  repeated  recti- 
fication with  water,  are  ooh:rless  mobile  liijuids,  haviug  a  peculiar  aromatic 
bat  disagreeable  odor.     They  are   insoluble   in  water,  lilij^htty  soluble  in 
aqauoiu  alcohol,  miscible  in  all  propurtioim  with  nbsoUite  alcohol,  ether, 
Wid  oarhon  disulphide.     They  dissolve  iwline,  sulphur,  phosphorus,  and 
man/  organic  substances  which  are  insoluble  in  water,  such  as  fixed  oils 
I    and  reiiins,  and  are  therefore  used  fur  making  varnishes, 
I       The   principal  varieties  are,  French   turpentine  oil,  obtained   from  the 
Froach  or  Bordeaux  turpentine  of  Piuus  marUvita^  and  Kiij^lisb  turjkcnline 
oil,  from  the  turpentine  lolIeLited,  in  Carolina  and  other  tJoulhcrn  Slates  of 
I   tUo  American  Union,  from  I'imia  auftmlU  aud  I'iiiaa  Tada. 
'       French  tur(>eutine  oil,  when  purifieil  by  neutralizing  it  with  an  alkaline 
Lavbunate,  and  then  ilistilliiii;  it,  first  over   the  wutcr-balh,  and  then  in  a 
iH^oam  (by  which  treutuient  all  transforuiation  of  the  product  by  heat  or 
ly  reagents   is  avoided),  consists    mainly  of  a  hydrocarbon,  t'|pU„,  callc-d 
terebeulh  one.     It   has    a  specific  gravity  of  O.S(i4,  Itoils    at   Itiio  C. 
(321.^  ¥.),  and   turns  the  piano  of  polariiuliuii  of  a  ray  of  light   to  the 
laffl.      English  turpentine  oil,  treated  in  a  similar   manner,  yields,  as  its 
rliief  rotistituent,  a  li<|uiil  caltil    australene,    or    a  nst  rature  be  n- 
thene,    having   the  same  spxcific  gravity  and    lH>iliug   point  as  tureben- 
tbvoe,  but  turning  the  plane  of  polarization  to  the  right. 
^»-When  pure  turpentine  nil   (terebenthene   or  australene)    is   heated   to 
|MiO-25tP  C.  (.'iS'JO— 1S;!0  v.),  it   undergoes   a   molecular   trausloriuntiou, 
HH  may  then  be  separated  by  distillation  iutu  twooils,  o:u-  calleil  n  us  t  ra- 
f  pyrolcne,  isomeric  with  the  original  oil,  and  Uiiling  at  ITli'^-ITH^  ('. 
(348.90-352.4°  F.)  ;  the  other,  called   ui  e  t  a  t  c  r  e  be  n  t  h  e  n  e ,   polynierio 
with  the  original  oil,  having  the  formula  I'.^Hjj,  and  boiling  at  a  tempera- 
tore  above  361*^  C.  (tiSllO  b'.).     Both  are  levorotatory,  the  latter  exhibiting 
the  greater  amount  of  rotatory  power. 

Turpentine  oil  is  converted,  by  repeateil  disllllalion  with  asmall  quantity 
of  (trong  sulphuric  acid,  into  two  inactive  mmliflcations,  terebene, 
C„H„,  boiling  at  lUtto  C.  (32l»o  K.),  and  colophene,  C^H,,,  Iioiiing  at 
a  rery  high  temperature.  A  IkkIv  of  the  same  percentage  cfiui]H)9ition, 
and  eloaely  resembling  terelK>ni'  in  its  physical  properties,  is  obtained  by 
the  action  of  bromine  and  alcoholic  polasji  on  diaiiiylene  (p.  5W)  : 

t-'ijHjo  —  Hi  =  <^i(i"i«  • 

Turpentine  oil  exposeil  to  the  air  alaorbs  oxygon,  and  .\c»iuires  jtowerful 
oxidizing  properties,  formerly  supposcitl  to  be  due  to  the  conversion  of  the 
oxygen  into  ozone  ;  but  ac<«rding  to  recent  experiments  by  Kingzett,*  it 
appears  highly  probable  that  the  oxidiiing  com|>ound  is  anorganic  perox- 
ide, C,,H„(),,  which  when  heated  with  water  is  resolved  into  hydrogen 
"oxide  and  camphoric  acid  :  f-'io"i/\+  211g<i  =»  H,,!),  -|-  C,jH„04 . 

^trio  acid  and  other  powerful  oxidizing  agiuito  coiivei^  turpuntiue  oil 

•  Chem.  Soc  Journ.  Vtt*,  511 ;  1876,214. 
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I  into  »  number  of  acid  products  of  complex  r. 
|»cid  acta  very  violently  on  tarp«>ntine  oil,  tom^ 
Chlorine  is  aloKirlied  by  tur|ti'ntine  oil,  with  • 
I  sufficient  to  produce  inllaumiation.     Wlien  pap 

pciitine  oil  i»  introduced  inlo  a  vi-ssel  fillixl  wi!! 

^ikeii  lire,  and  a  quantity  of  black  suioke  is  pr^ 

fumes  of  hydrochloric  acid,      bromine  acta  in  a  - 
I  dissolved  by  turpentine  oil,  forming  at  first  a  gri»>ii  soluiiuu, 
I  wards  becomes   hot,  and  gives  off  hydriixlic  acid.     Whni  a 

quantity  of  iodine  i»  suddeuly  brought  in  ei>iitai.-t  with  tur 
I  pluslou  frequently  ensues.     Turpentine  oil  distilled  wit  I  '  i.^ 

«nd  KUter,  yields  ohlurofunu. 

Ni  trosoterpene,    C,gH,i(NO).  —  When   gMeaas   nitraayl   cttloclii*, 

ilfUCl  (ubtainu<l    by  passing  tlie  gaav*  evoWe<l   from   heated  alUal(yilf»' 

'chloric  acid  into  stroug  sulphuric  acid,  and  heutini;  the  ronltiai^  wiatMi 

with  sodium  chloride),  is  pasi.ixd   into  oil '^  \   biylamrf 

salt,  a  white  crystalline  Bul>stance  is  pre<  <  owiaalltl 

C„H„.NOCl,  aiid  this  when  heatetl  with  ul. I,  ^•'"'.mi 

I  is  converted  into  nitrowiterpeuu.     On  acidulatu  ra^ 

I  rating  to  dryness,  washing  the  residue  with   "  ;jij  II 

I  from  alcohol,  the  nitrosoterpene  is  obtainnl  in  monoclinic  nr7»uUa  ■otuaf 
at  12!K^l.'tUO  C.  (264.2CL.2(i60  P.),  and  subliming  at  a  wmwwIuU   b^lwv 
I  temperature.     It  bums  easily,  but   is  nut  vxplunire.     ""'i-^-Tirtlft 
[  reduues  it  to  a  hydrocarbon. 

Com/iounds    of   Tvrpentine    oil. — Turfientlnei   oil   forms    M««rsi 

[oomp<iuiids  with  Ayciroryi/oric  arte/.     The  gaseous  acid  eonvrrts   il   iuln  il>' 
tuonohydroch  loride,  C,,H,,.HC1.     Un  the  nthar  hand,  w'. 

'  is  subjevte'l  for  several  weeks  to  Ihti   action   of  the  stmng   ai|i 
crystals  of  a  dihydrochloride,  C„H,4.21tCI,  are  obtained, 
compound  is  also  formed  by  the  action  of  hydrochloric  aeid  gas    t 
hence  it  is  culled  ci  t  rene  di  hyd  roc  h  I  orldo  .     Hy  tli>-   »  i ; 
droi^hlorio  acid  on  terebene,  the  compound  C^II^.HCI    \t    i"-:'  '  i      n 
di  I  erebnne  hydrochloride.    Ijkstly,  whrn  a  current  i.l  t<>.l/<-.i.Iv.'.- 
acid  gaji  is  passed  throuph  a  solution  of  turpentine  oil  in   wvtlc  acid,  tJi« 

'compound  C^H„.3HC1  is  prwluced,  called  dipyroleno  hy<lro«iil*- 
ride.  , 

/Tyr/rohmmir  and  hifdriniiie  ariih  form,  with  oil  nf  tnrpMltIn*,  wililMWli 

LanBlof;ous  in  composili(m  to  the  hrdroehloriiU>>i;  the  dihydriodkU,  \ 

lever,  hns  not  been  obtained  from  turpentine  oil  itself. 
Wh«li-ver  method  may  I .       '  '  '  •'      ' 

Idrobroniicles,  or  the  mono! 

Itwo  isomeric  mndification.'i 

Ltalline.     The  crystalliied  li« 

'•ppropriati'ly,  designed  .-i-  lili 

tej*mn  eampMor, 

Hydrates.  —  Turpontme   i>il    li-ft    in 
i>inngi«   into   a   crvKtalliue   loiiiiHuind   <  , 

wliirli     Is    ui"t.-    .'-i,..!,-    ,.).t.-,tt>.-.l    i 
oil,  'i  pU. 
'  the  air  in  ■■ 
ally  hiIuIjN-  in  Hulvr,  dJoulii>l,  aud  eili-r,      h    nvlts    l- 
watiT,  and  lo'ing  oonverl-iHl  into  a  while  (ry^BlUn*-  p- 
rrpin,  li.iving    the   oomposition   C,„II„.2H,0,   or 
I  at  I03O  C.  (217.4^  ¥.),  and  sublimi-a  in  slenil/  r 
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mine  at  500  C.  (1220  p.)  jt  forms  «  bromide  which,  when  distilled,  yields 
vjTuene, 
By  heating  the  aqaeoaa  solatinn  of  terpin  with  a  small  quantity  of 
rochloric  acid,  or  by  boiliug  the  dihydrocliloride,  C,gH,,.2IICI,  with 
r  or  alcoholic  putasli,  terpinol,  2C,gll,,.lI/>,  is  obtained  as  an  oil, 
llin^  like  hyacinths,  and  distilling  at  llJiP  c.  (334.40  F.)- 

CunttitMlion  and  Combining  Capacity  of  Terpentine  Oil. — The  hydrocarbon 
CkII|4  acts  as  a  quadrivalent  radicle,  capable  of  uniting  with  four  monad 
•toma,  and  therefore  with  two  molecules  of  the  acidii  IIL'I,  llBr,  and  HI, 
Ihoreby  producing  the  dihydrochloridet,  etc.,  aU>vu  mHutioned  ;  but,  like 
other  tetroil  radicles,  it  uau  also  take  up  only  two  monad  atoms,  producing 
tba  monohydrochloride,  etc.  The  same  tetrad  radicle,  by  doubling  itself, 
)o*«s  two  units  of  equivalence — just  as  two  atoms  of  carbon  whpn  united 
am  satijified  by  six,  and  nut  by  eight  atoms  of  hydrogen — and  forms  the 
hydrocarbon,  0^H„,  which  is  sexvalent,  and  can  therefore  form  such  oom- 
pounda  as  C'„1I„.3IICI.  Further,  this  same  hexsd  radicle  might  form  non- 
tatDrat«d  compounds  containing  only  (our  or  two  monad  atoms  ;  in  reality, 
bowerer,  only  those  containing  two  monad  atums  are  known,  such  as 
C-H^.HC1. 

If  in  the  several  hydrocliloridps  each  atom  of  chlorine  lie  replaced  by 
hydrozyl,  UU,  we  obtain  the  forniulie  of  the  several  hydrates  of  turpen- 
tine oil ;  the  hydrate  corresponding  with  the  hydrochloride,  Cg,II„.3UCl, 
hail  not,  however,  been  prepnrtwi. 

The  formation  of  cymeue  from  turp«>nllne,  by  flrst  oonvurtiug  the  latter 
Into  the  dibromi'le,  C\gU„Iir,,  and  tlit-n  almtraclliig  ll,lir,  (p.  mii>,  shows 
that  turpentine  oil  is  a  hydride  of  cyiiieiie.  Now  cymcne  is  niethyl-pro- 
pyl-benzene,  C,H,.(Cllj)(CjH,)  :  hence  the  relation  of  the  two  hydroear- 
bous  may  be  represented  by  the  following  formule : — 


Oymene. 


Turpeatlne  olL 


The  presence  of  two  lateral  chains  ia  the  molecule  in  the  position  1  :  4, 
ta  In  aceordance  with  the  formation  of  torephthalio  acid  by  oxidation  of 
tarpentine  oil.  The  other  products  of  its  oxidation  are  likewise  in  acoorl- 
kaoe  with  this  view  of  the  constitution  of  turpentine  oil.  Other  arrange- 
ments of  the  radicles  CH,  and  C,H,  in  the  molecule  are,  however,  con- 
ceivable, and  may  perhaps  give  rise  to  some  of  the  iaomfrio  mcdifl- 
oations  of  turiM-ntine  oil  and  its  congeners.  Other  uiojiiliralinng  may 
•rUe  from  the  hydration  of  other  nietamerie  forms  of  the  molecule  C,jH,„ 
••o.,  ethyl-dimethyl-heiizene  and  tetra-methyl-beniene. 

The  formula  of  tnrpentine  oil  alxive  given,  in  which  the  donhle  nnion 
of  one  pair  of  carbon-atoms  in  c^nneno  is  loosened,  represents  the  molecule 
■■  saturated.  A  similar  liKweninv  of  a  second  pair  would  rendnr  tire  mole- 
cnlrt  bivalent,  and  therefore  capnMe  of  taking  up  1  mol.  of  HCl,  11  Hr,  Br,, 
etc.,  and  the  loosening  of  the  tliird  pair  would  render  it  quadrivalent,  and 
e*pable  of  uniting  with  2UC1,  21iBr,  et«. 
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Acliit  prmlucml  iy  Ositintinit  of  T'lir/MiMf/nivoi/. — Tarp«i>tinc-4>fl  1 
dilute  nilric  iiciii  /ieids  foruiic,  Rwlic,  butyric,  oxalic,  timliic,  i 
Ufrcplilhalio  Biitla. 

Terulii 0  acid  ,  C,H.,0«,  crystallixMi  In  sbtnlng  prUm*.  raafly  i 
in  hot  v/tLU-r  itiul  alooliul ;  mvlU  at  175°  C.  (347°  F.).  ui<l  laXAh 
lower    ttfinpuraluru.     Ujr  diiSlillation    it  ia  rfSolv<-d  into  CU,.  and   pi 
turebic   aci>l,  f.UijOj  (p.  71»).     By  boiling  wilh  o:-.:' — ■■  - 
iutlt^,  C,U,M'0,,  wliiih  by  tlie   action  of  istroiij-    biimif 
fwlls,C,ll,jM',()j,  oalUil  d  iiiterc  bates,  Ihi- Rcid  of  wi        .      , 
n»t  Ih;  obtainoil  in  the  freu  ttato,  a.4,  when  avparatod  from  lbs 
imiaiMtlnt(.-Iv  resolvinl  into  water  and  terebir  arid. 

Tcrpin   heated    to  400©  c.  (752P  K.) 
terohentilic   acid,  C,H,,0,,  whioli 

alraihnl  in  slender   ncetllea   melting   at   ii<>-  <  .  iJw-  I  .  i  iini 

250^  C.  C-IW"'  F.)-      By  oxidation  with  chromio  acid  nii  \ 
terpenvlio    aoid,   C,lI,jO„  which  i»  nionobajiir,  rry«!..;..- .  ,.-/m» 
with  1  m'ol.  11,0,  and  melu  in  the  dehydratml  state  at  WOO  C.  (liMP  P.). 

Volatils   or  Euendal  OllB. — The  Tolalil"  oil-  <   (Vxtn  {danti 

hy  pressure,  or  by  disiillation  with  water,  rongisi  '  ydtneartiOMi 

iiiiimeric  or  |>i>lymerio  with    turpentine  oil,  or  of  mixMireN  vf  tlliva  b;. 

droenrlions   with    compounds   of  (.-orlwo,    hydri)j;en,   ami    oxygra. 

o!)tain<.<d  from  aurantiaceous   pl.ints  are  teri)--- -    -i,.!rt.,..,i.i..-i   ». 

fragrant  o<lor.     Lemon   oil,  from  the  rind  ot 

consists   mainly  of  citrene,  r,^H|„  a  dexi  _  . 

resembling  terelK-nthene,  hnring  a  Sjienifle  gravity  of  i'.bii  at  li 

F.).  boiling  nt  107^  or  lOSO  c.  (aW.liCi  or  2.'M'^  V.).     With  wjterl 

n  oryBtJtllited  hydrate  resemblinjr  terpin  ;   with   h\l 

droeliloride,  C,,II„.1!I1('I,  exI.xlinK   in  n  »nlid  and   I 

a  monohydrochlorido,  C,,II,,.llL'l,  apparently  euxcepiniK'  oi  • 

tioationii. 

Similar  oils    arc  obtained    from  the  rind  of  the  »w»'"<    '.' 
nuranliiiiH) ,  the  IxTKaiunt  (C.  hrrgamiu),  the  bijjarade  or 
bigaradia),  the    lime    ('/.  limtlla),  tliu   sweet    Ivuion    ('  . 
citrfm    (C  xiw/iV-n).     (lil  of  neroli,  obtainwl    hy  disttlling   ur 
with  water,  is  jirobably  also  a  lerpeno  when  pure. 

The  volatile  oils  of  atliamanta,  N-ivh,  Immi'o  (from  f' 
phora),   caoiitohoue,    cArawny,  camomile,    coriander,    ••b 
junijK'r,  im|M-ratoria,  luiirel.  p.-ipdey,  pepper,  itariii.    ' 
otbers,  also   tbe    nentrnl   oil*  of  winti-rgrei-u  {(iai' 
cloves,  are    isnmiTio    with    oil  i>f    tiirpvniine.       I  i 
cabubs  are  prolmbly  p<ilymeric  with  it,  their  ; 

As  examples  of  volatile  oils  oontaiiilnit  an  "  > 
with  a  ter|H<nu,  miiy  Ui   mentiuueil    valerian   nil,   «li>iU    eoutAiu* 
acid,  Cjll„ll, ;  ]>el.irgonium  oil,  containing  jwl.irjronie  aeid.  •^,11,/ 
oil,  eonUining  enolic  aldehyde,  C,,llqO;  wii':  ill 

methyl  salicylate,  C',II,0,.     Som«i   volatile  oil 

hyiles  :  thus,  bitter  almond  i-  '  '  ,« 

oils  of  einniuiion  and  cassi.t  i-' 
of  anise,  star-anise,  fennel,  ai. 
vulntile  oils  which  exist  re»ii 
cnitnin  any  nIementN  iH-siden  • 

found  only  in  uertain  nils  rtwultiiiK  (f.ui.  n  kind  >■' 
as  in  the  vntalilu  oils  of  mustard  and  )(»r|ic  ;  uf 
must  bu  rvcardwd  a«  an  impurity  i>«uUink:  from  »ili 

A    few  volatile  oils  are  luuutl  lu  the  bodi>.<«  of  a: 
rzaiuplo. 
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Most  volatile  oils  are  oolorltisa  wliun  pare*  ;  they  often,  however,  linvit  a 
yellotr  culor  &risiu(;  from  impurity  ;  ami  a  few,  tlia  oils  of  woriuwuud  aud 
CMnomile,  fur  example,  have  a  groim  or  bluo  eulur,  due  to  tli<>  pn^eiiun 
of  an  oily  oompouiid  of  a  very  deep  lilue  color,  eallfJ  ctraUin.  They  have 
uually  a  powerful  o<lor,  and  a  pungent  burning  ta-ste.  When  exposed  to 
the  air  they  frequently  hecomo  altere<i  l>y  Blow  DUiorption  of  oxygen,  and 
usame  the  charueter  of  resins.  They  mix  in  all  pro{KirtianB  with  fnt  oila, 
(uch  as  linseed,  nut,  colza,  and  wliais  oils,  aud  dissolve  freely  ixith  in 
rlher  and  alaihol :  from  the  latter  solvent  they  are  precijiitated  by  the 
kildition  of  water.  Volatile  oils  communicate  a  greasy  stain  to  paper, 
which  diaappeam  hy  warming  ;  by  this  eharaeter  any  adulteration  with 
Axed  oils  can  he  at  onee  detected.  Many  volatile  oils,  when  exposml  to 
sold,  separate  into  a  solid  crystalline  eompoinid  called  a  ilearojilene,  and  a 
liijuid  oil,  which,  for  distinction,  is  suuietimes  called  an  elaoplene. 


Campho  rs. 


These  are  oxygenated  crystnlline  compounds,  having  a  peculiar  odor. 
They  contain  10  atoms  of  carbon,  and  are  nearly  related  to  the  terpenes, 
with  which  they  are  associated  in  plants,  ajid  by  the  oxidation  of  which 
they  appear  to  be  formed.  The  principal  niemlicrs  of  the  group  are  com- 
mon camphor,  CiglluO,  and  boriieo-caiuphor  or  borneol,  C'|„1I,,0,  which 
stand  to  one  another  in  the  relation  of  a  ketone  tu  a  secoiiilary  alcohol. 
The  constitution  of  these  bodies  is  not  c<impletely  established,  but  their 
intimate  relation  to  cymene,  C^H,,  (p.  419),  and   carvacrol,  C|(|ll,,0  (p. 

1),  cymona  being  produced  bv  heating  ooiiimnn  camphor  with  xinu  chlo- 
or  pliiisphorus  pentasiilphide,  and  carvacrol  by  heating  the  same  sub- 
let with  iodine,  render  it  probable  that  tbey  and  their  nearest  produutt 
of  oxidation  may  bo  represented  by  the  following  foruuic:— 

CH,  CU,  CU,  cn, 

c  C  c  c 


lUllI 


HC      CO 

HC     CH.OH 

HC     CO.OH 

UC     CO.OH 

Vijy    <!;n, 

1 

HjC    cn, 
\/ 

CH 
Boroeoi. 

H,C      CH, 

\/ 

CH 

Oampholls 
acid. 

n,o    CO.OH 

CU 
1 

c,n, 

Comuion 
Cioiphnr, 

1 
c,n, 

Camnhorlo 

Common  Camphor,  Laurel  Camphor,  or  Japan  Camphor,  C,gH,,0, 
OMura  in  all  parts  of  the  caiiiphor-trec  of  China  aud  Japan  (Laurus  Cam- 
jJiara'),  often  deposited  in  distinct  crystals  ;  it  is  obtained  by  distilling  the 
woodjr  parts  with  water,  and  purified  by  sublimation.  It  has  been  pro- 
dDced  artineially  in  small  quantity  by  oxidation  of  oil  of  sage  and  oil  of 
valerian  (i.  «.,  of  the  terpeues  contained  in  them)  by  nitric  acid  i  of  lur- 
|>entina  oil  by  potassium  permanganate  ;  of  caoipheno  (from  liorncol)  by 
^  Aiunm-black  or  chroiulo  acid  mixture  ;  also  by  oxidation  of  cymene. 
nminon  camphor  is  a  colorless  translucent  mass,  tough  and  diHioult  to 
rder,  having  a  strong  and  peculiar  taste  and  smell,  aud  a  density  of 
l,96&.     Small  pieces  thrown  on  water  move  about  with  a  rotatory  motion. 
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icirs   at   or-liDxrr  U"tn| 

:i4^  c.  {.vyj.-jpr.). 


ill' 


Bj  (lisUUatioD  over  fused  »inc  cliluriili?,  or  o 
camphor  U  r<«ulved  iuto  walur  and  cymi-ne  . 
,  nuigitlorable  quantities  of  iiie«itirleua,  tulurtit*, 
|<tarl*on«i  Ixmti^.  however,  foniit^  &1  the  luitue 
Icyincne  l.i'r. 
l|ihorus  J" 

Jme.     Ui.^;^  . 

.looholio  potash  it  is  resi'l 
rje  is  resolroJ  into  I 


linn?.      1: 


|lMi/<l 


4-     KOH    = 


+    C„H^KO, 


By  heating  with   nitric   actd,  eampkor  i«  <v>nvert<'<l   into   cao 
■inphoroiiic  ai^iiU  ;  heatod  to  4Ut^  C,  (T5'JP  P.)  witli  noda-lliu 
campholic  acid,  C,,ll,,0,. 

Camphor,  heat«^l  with  bromm*  to   lICO-lKlOC.  (230C.-24.«O  F.),  t.  :  ' 
erjrst    ■■  I!,jBrO  (ra.  p.    7D0  C.  1C70  F.,  l>.  r     :"" 

and  I   (m.   p.    2UO  c.,  417.2^    V.,  h.    y 

Caiir  ivol  in  chiomfnnn  takes  op  bron>tu> 

lea»ii  1  inuj  l",,H,iHr(). 

C;ii    _  iltnl    Willi    hv|i<jrhIor<iiui    acid,    vM' 

[  ^i»"i»^  '^'  "  orxstalline  raaf.^   melting  at  9i/^  < 
I  bjr  heating  with  alcoholic  |x>taah  \uttii>^framtAi,i 
jin   nMH{l>4   melting  at  1370C.  (27lr>.i;'2  K.).     taojApl.i.r    i 
jyirlds    tho  com|«uinds    r|,ii,,Cl,   and    r,,U„Cl,  eaxlljr    <, 
tion  of  hvdrogen  chli>ride,  into  o^uenc. 
^•olutinn  of  raniphor  in  tolueno  lienled  with  •oditua,  dcpoalla  a  MistM* 
HMtdium-camphor  and  sodiam-boriitKj : 


+     Na, 


C„HuNaO    +    C^n„J«aO: 


iund    llirae   com)iound.i   trniil>:>d  with    Cn,l  and  (V't'-  7><*td    melli^l' 
lellivl-ilrrirativiv"  of  oamphor  and  bomeol ;  i'|«H„(C,ll.jO  la  a  Uoald  I 
[ing'at  a3»«C.  (440O  p.). 

When  tUn  aodiuin-cunipoanda  arv  lT<>at»d  at  1(HI0  with  (T>^  the  tnltma] 

Baits  of  camphocarbon  i  r   arid,  <',gllu<>.(.^>fti,  a»<t 
(lionio   add,  C|,H,,O.COfn,  are  pmt need  ;  and  on  tr«^ 

)iig   infL-yi  with  wat<T,  liorii     '        ;         '       ' 
lilie   siirrniv,    an>l    the    A<| 

.  I.U    «    ,,r..M,,,l  ,1..    „f    .••,,,  .;.-.;..-     ^ , 

ng  Bt  1190  C.  (2M.'IM  F.),'a<ui  U  atU/J 


^,^.,/..  ../>    /'*..«. .1..,^  ^Iti    .ll^liMi....   <!..  ....'> 


.1  .,11  ..;  r.,....r—  'fy^l 
'••IT  I 


«it9  a  n  ^ 
et.eXi"'pt 

i)= — 17.-1   .  Tlio' 
ar/,  marjoraiu,  Uvcudur,  and 


inpfaar  la 
tinaliad 
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tpnsition  and  all  the  properties  of  oonunan  cAinphor,  excepting  that  it 
i  Inactive  to  p<>Iarixe<l  liglit. 

Absintliol,  ('iolIi»*>,  from  oil  of  wonuwooit  {Arlfinhia  Absinthium), 
is  liquid,  Ixiila  at  lHi>0  C  (yN30  F.),  and  is  TOiivert«l  by  l',Sjinto  cymeno. 
Similar  liqnid  camphors  are  ol>taii)<-d  Ijy  oxidation  of  certain  terpimes,  as 
the  oils  of  orange  and  nutmeg.     A  fMily  lueric  camphor,  carvophyllin, 

~  gO,  (in.  p.  above  30<P  C,  872°  p.),  is  contained  in  cloves. 


L    we  oua 


Borneo-camphor  or  Bomeol,  C,gn,gO  ^  C„H,,.OH,  ooonrs  in  Drga- 
Mano/ii  Canipliora,  »  tree  growing  in  Borneo  and  Suiiiutra  :  it  is  formed 
artificially  by  heating  wimmon  eamplior  with  alcoholic  jtotasb,  or  treating 
it  with  sodium  (p.  9U(i). 

B<jrne<il  is  very  much  like  common  camphor,  has  a  camjihoroiiB  and 
peppi-ry  odor,  melU  at  19!>o  C.  (3S«>.-to  R),  aud  boils  at  :il-.;3  C.  (413.00 
F.).  Its  alooholio  solution  is  dextrorotatory.  By  heating  with  nitric  aeid 
H  is  converted,  first  into  common  camphor,  then  into  camphoric  aud  cam- 
Dboronio  acids.  By  heating  with  P,Oj,  it  is  resolved  into  water  and  bor- 
Plpbene,  C,gll,|,  app-nrently  identical  wilh  the  terpene  contained  in  ordi- 
aarjr  camphor  oil  (from  I>iuru»  Vam/iliora),  and  in  valerian  oil ;  when  left 
in  contact  wilh  potash-lye,  it  is  reoonverti«l  into  borneol. 

Bomeol  is  iin  alcohol,  yielding  comjxitiud  ethers  when  heated  to  about 
aO(lO  C.  (SS-JO  K.)  with  organic  acids.  The  tlturir  ether,  C|,H|,.O.l'„11^5(>, 
is  >  colorless,  viscid  liquid,  which  gradually  soiidiSi-s.  By  the  action  of 
PCIj  Bt  ordinary  tempt^ratures,  or  by  heating  iu  a  sealed  tube  with  IICI, 
borneol  is  converted  into  the  chlnriilr,  (.\g[l,.C[,  a  crystallin«  Kulnitanoo 
melting  at  140°  C.  (294.hO  F.),  and  very  niuih  like  the  solid  modification 
of  the  hydrochloride  of  turpentine-oil,  with  which  it  is  isomeric. 

laomeric  with  borneol  are  the  liquid  camphors  containtnl  in  the  oils  of 
hopa,  Indian  geranium,  caji-put,  coriander,  aud  Oamitopsit  ntlrritcoldei. 
Homologous  with  borneol  is  l\itcAouli-i:iimjifi(>r,  {'|jH.,(),  ctmtainotl  in  oil  of 
patchouli :  it  is  a  crystalline  mass,  meltitig  at  .'>4<^-.''>":iO  c.  (129.2C-1310  F.), 
boiling  at  2ilOO  0.  (5t;4.80  F.). 

Mint-camphor  or  Menthol,  C,gHj,0,  oooun,  together  with  s  terpene, 
in  oil  of  ]H'p|ieruiint  (MmilM  /il/irrilu),  mid  separates  in  crystals  on  cooling 
the  oil.  It  melts  at  3tP  C.  (iK.H-'  K.),  boils  at  '2130  C.  (4i,').4^  F.)  ;  turns 
the  plane  of  polarization  to  the  left;  forms  comi>ound  ethers  with  acids; 
is  converted  by  PCIj  or  HCI  into  the  liquid  chloride,  C,.H„CI,  and  by  dis- 
tillation with  i',t'>j  or  ZnC'l,  into  liquid  menthcue,  Cj^lljj,  which  boila 
at  1630  C.  (325.40  F.). 


I 
I 

I 

I 

I 


Acid>  produced  6y  Oiidation  <^  Camphor. 

CamphoUc  Aoid,  ''i(,H|,0„  obtained  by  passing  camphor-vapor  OTcr 
heated  so<la-lime,  or  jiy  llie  uctiun  of  potassium  on  a  solution  of  camphor 
is  petroleum,  crystallizes  from  alcohol  in  prisms  or  siitles,  slightly  soluble 
in  water,  melting  at  iliJO  <_',  (^)3^  F.),  and  easily  subliming ;  convertwl  by 
nitric  acid  into  camphoric  and  caTuplioronic  acids  ;  resolved  by  distillation 
with  phosphoric  anhydride  into  ll,l>,  L'0„  aud  campholune,  t',H,j,  boiling 
•t  135^  C.  (2750  v.). 

Camphoric  Acid,  r,„H„n,  =  r Jl|,(f'0,H)„  is  obtained  by  prolonged 
boiling  of  uoiiiiiiou  campl;or  or  Imrneol  with  nitric  acid : 


I  C«H„0  +  O, 


C.,H..O.  and  C„H„0  -f  O.  x=  r,„H,.0,  -|-  H,0 . 


BSSIK3. 

,  is  dexlro-  or  levo-rotatory  according  to  thu  rarioty  of  eiunplirir  n»i«l  In 
l>n-|>aralioii ;  a  mixture  of  Ibo  dvxtnv  and  Icru-rolaturjr  <:aiu|itM>n  u> 
]iia1  quaiilitim  yields  an  inactive  campbnric  acid. 
Di:xtroonmplioric  acid  cryatalliies  from  hot  Mrater   In   «nlnrl<'^«  1amlD». 
sily  soluble  in  alcohol,  meltiug  at    17a<^17SO  C.  (:     ~        "      !"■ 
<'om}>u!iing  at  a  high  temjH-rature  into  wat«r  and  ■ 
t,   H,,<i,,  which  sublimes  at  130O  C.  (260O  K.)  in  sbiiiiij)j  m-r'uirs,  uuiu  at 
11 70  C.  (423.(P  F.),  a""!  boils  at  270^  C.  (51lrO  F.). 

The  acid  is  bibosic.     The  calcium  and  lutrlum  galla  »rr«  r.:i..ilr  ».lnU»  la 
rater,  and  cr/8tallizu  well.    The  oaloiumsalt  id  riMolired  bv  tjU<- 

B»t«  and  cam  p  hor-phorone  :  C,5H„0,Ca  ^('",<'i -|- '  ^uirl" 

with  phonme  from  acetone  (p.  6S0),  a  liquid  win 
F.),  and  doc«  not  yield  oymone  when  ht^atvd  viv 

Camphoric  acid  heated  with  wator  to  151V-i;im'-'  L'.  ( 
converted  into  two  inactive  modifications,  isocaniphr.. 
camphoric  acids.     The  former  crrstallizM  in  alvtulcr 
at  IIS'JC.  (3.35.40  F.). 

The  acid,  or  its  anhydride,  heated  with  bromino  to  1.10^ 
^SO^i^  K.),  yields  hranincaiHiJiorie  anhvdriile,  C,jll,,BrO,,  whi' 
Ineedlos  melting  at  2150  C.  (4190  F.),and,  ivh.'ti  Jviili-d  w: 
ert<fl  into  the  monobasic  acid,  C|jH,,0,  (or 
ciil),  melting  at  2010  C.  (339. i«  F.),  and 

This  acid,  or  oxyauhydride,  heatiil  with    wai.-r   (•.    i^io  (.'.    ^j;7.~-    yj, 
fields  a  hydrocarbon  C.H,,,  boiling  at  12(K)  C.  (3480  p.). 

Camphoronic    acid,    t'tH„Oj,    and    l>xv-'.  — ■■' '-    --i« 

C',H,,0,,  are  contained  in  the  mother-liquor  of  tli 
ocid.     The  former  crystjiUiitet  from  wal^r  iu  si' 
tli,U.  which  it  gives  otf  at  lUlOO.  (2:)UO  F.)  :    m-lu  in  tht>  lUhydrat^ 
|#tata  at  ll&O  C.  (2.3!P  F.)  ;  and  distils  witliout  d>>cnm|H>4ilion.      Ti>>  vty- 
cid,  C,U,|0„  cryslallixea  in  long  prisma  melting  at  104.SOC.  (£{8.1C  ?.}. 


Realn*  and  Balaams. 

6n   resin,  or  cJo/thonii,  is    p<>rhap8   the  ' 
Fit  is  the  resinous  substance  which  rnnains  wb'  : 
1b  heated  till  the  water  and  volatile  oil  a'-v  exj 
tially  of  sy  Ivic  or  abietic  acid,  ''^MmO,. 
a  long  time  with  alcohol  of  about  8U  per  oMit.,  l<  ' 
water,  the  sylvic  acid  oeparates   in  the  cryntalliun  stato.     it 
from  alcohol' in  lamin*  melting  at  11!»<^  r.'(2)i4.'JO  F.).     It  U 
its  alkali-salts  are  soluble  and  crystallixable. 

An  acid  called  pimario  aoid,   isomeric  with  irlvlo  aoUl, 
L/rom  the  turpentine  of  th'-  ''  !iimit  of  lU't  ' 

Iak  is  a  very  valnablo  1  ,   harder  tl 

Itoluble  in  aloihol  :   thrive  \ .    l  i,.,ii  •.  , 

fiHitac,  aii>l  thfllru:.     It  is  nsoti  in  v 
i«U,  and  very  largely  in  the  preparni 
Jie  chief  inRrc<lirnt.     Crude  lac  con tainii  a  rivl 
partly  soluble  in  water.     I,ao  dissnlvei  In  (<oii- 
faolutiou  of  liorax  :  Indian  ink,  rubUni  ap  with  thu 
elleiil  lahfUiiJc  for  the  latmrat^iry,  aa  It  is  unalTectDd 

rhi'ii  once  dry,  I  ' 

Mnttit,  damnui 

Bak«r.    I>r<iy«ii  4  -., ; —  ,.  „,., ;. 


"•     -    -Kl*. 
r««< 

.M<li 

k  bu 

-1  oa  n- 

lMt»,  aaJ. 

ust<d  by  Uw  TanitA| 
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valuable  subatanco  :  it  difTbra  fruni  tli«  other  rt^iiiii  in  li«iiig  but  sluwly 
dissulved  hy  alwhol  and  M9i-iilial  oIIh.  It  is  miscible,  liowewr,  in  the 
iiKflti^l  i)tat«  with  oils,  and  is  tUui  aaule  into  rarnisli.  Ambtr  appears  to 
be  a  fiMsil  rosiu  ;   it  is  fuuiid  liccuiupauying  bruwn-cual  or  lignite.  < 

Must  rusius,  when  «x|hisc-<1  to  dustruclivu  distiUutiou,  yield  oily  pyio- 
prutliii:ts,  udually  ixjntiifiting  of  hydrouarbous. 

Caoutchouc,  or  I  udia-r  u  bbur  ,  the  thickened  milky  juice  of 
(overal  species  of  /7<ri«,  Euphorhiii,  uiid  other  tre"S  growing  in  tropical 
ouuutries,  is  essentially  a  mticture  of  several  hydrocurbous  isomeric  or 
polymeric  with  turpentine  oil.  When  pure  it  is  nearly  white,  the  dark 
color  of  ctimmercial  caoutchouc  Wiug  due  to  the  etfecls  of  auioke  and  other 
impurities.  It  is  softeu><d  but  nut  ilissolveil  by  boiling  w  ater  :  it  is  also 
insoluble  in  alcohol.  In  pure  ether,  rectified  petroleum,  and  coal-tar  oil, 
it  dissolves,  and  is  left  unchanged  on  the  evaporation  of  (he  solvent.  Oil 
of  turpentine  also  dissolves  it,  forming  a  viscid,  adhraive  mass,  which 
drieji  very  imperfectly.  .K\.  a  tempeiulure  a  litlle  aUive  the  iHulIng  point 
of  water,  caoutchouc  melts,  but  never  afterwanla  returns  to  its  former 
elastic  state.  Few  chemical  agents  affect  this  sulwtniice  :  hence  its  great 
use  in  chemical  investigations,  for  connecting  apparatus,  etc.  By  di-struo- 
tive  distillation  it  yields  a  large  quantity  of  a  thin,  volatile,  oity  liquid, 
of  naphtha-like  odor,  called  cauauhmnii^  which  <lissolve8  caoutchouc  with 
facility.  This  oil,  according  to  Mr.  (ireville  VVilliuuis,  is  eouiiiosed  of  two 
polymeric  hydrocarbons  :  caoutidiin,  (',oH„,  l)i)iling  at  ITl^C.  (339.83  F.), 
and  isopreni,  CjH„  boiling  at  T<<>  f.  (!t*i.UO  F.). 

Caoutchouc  combines  with  variable  projMirtions  of  sulphur.  The  mix- 
tons  thus  obtained  are  calleil  rulrunizrii  Jinliii-ruhl/er :  they  are  more  per- 
manently elastic  than  pure  caoulchouc. 

I'u/cariiL/c,  or  JOittnite,  is  caoutch<Jiio  niixcil  with  lialf  its  weight  of  sul- 
phur, and  hardened  by  pressurt'  and  heating.  It  is  vi'ry  hard,  takes  a 
high  polish,  and  is  used  for  making  combs,  knife-handles,  buttons,  etc. 
It  is  also  iwpecially  distinguiaheil  by  Ihe  large  quantity  of  electricity  which 
it  evolves  when  rubbed:  heocu  it  luakes  an  uxuellent  material  for  the  plates 
of  eloctrical  machimts. 

Gutta-percha,  Ihe  hardened  milky  juice  of  honamha  fjutia,  a  large 
tree  growing  in  Malau'a  and  many  of  the  islands  ot  the  Kastern  .Arcliiia-I- 
ago,  is  similar  in  compfMition  to  caoutchouc,  and  n-seuibles  it  in  numy  of 
its  properties,  but  is  hnnler  and  less  elastic.  It  is  quite  insoluble  in,  and 
impervious  to  water,  and  being  also  an  excellent  electric  insulator,  is  ex- 
tensively used  as  a  casing  for  subniarine  telegraph  wires,  lly  dry  distil- 
lation it  yields  isopene,  caoutchin,  anil  a  heavy  oil  called /icrcCTif,  probably 
polymeric  with  these  Ixxlies. 

Baltamt  are  natural  mixtures  of  rflsins  with  Tolatila  oils.  Thoy  dlRer 
very  greatly  in  consistence,  some  being  quite  fluid,  others  solid  and  brittle. 
By  keeping,  Ihe  softer  kinds  often  bewune  hnnl,  Hnlsams  may  1m'  cou- 
vi-niently  divided  into  two  classes — vii.,  tlionn  which,  like  common  and 
IVhiV*  turjtriitine^  Ctnuuhi  imliatm^  (.'oitiiitm  tnitiHim,  etc.,  are  merely  natural 
varnishes,  or  solutions  of  resins  in  volatile  oils,  and  those  which  contain 
benzoic  or  cinnamic  acid  in  addition,  n-^  /Vrfi  atid  To/u  haUuitiSf  aud  the 
iiolul  resinous  bemuin,  commonly  called  (jmn-lttizoiti  (p.  894). 


k 


alncosldea. 


Tills  name  is  given  to  a  class  of  iMnIii-s,  very  widely  diffused  in  the  vegeta- 
ble kingdom,  which  are  resolved  by  Iwiling  with  dilute-  acids  or  alkalies,  or 
by  the  action  of  ferments,  into  glucoses  (mostly  dextrose),  and  some  other 
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■abttonce.  They  are  tlicrcfore  analogoas  in  constitution  to  tti<>  artUclil 
glnoosideB  wliicli  Bi-rtlielol  olitiiini>J  by  lifoting  glucose  with  orgiuic  sikIs 
(p.  624)  ;  uono  of  th«-ni  have,  however,  bveu  formed  artifcially.  Thu  ful- 
lowing  are  the  most  important : — 

•SscoUn,  C„II,,0„,  ia  a  crystalline  flnoresoent  sul>stanc«  obtained  frns 
tliM  bark  o(  tht;  horse-chestnut  and  other  trees  of  the  genera  ^■Ktcaliu  ind 
l\tria.  It  has  a  bitter  taste,  is  slightly  soluble  in  water  and  almhul,  luurv 
soluble  in  the  same  liquids  at  the  boiling  heat,  nearly  insoluble  in  ethrr. 
It  is  oolor'jd  red  by  chlorine.  By  boiling  with  hydrochloric  or  dilute  sul- 
phurie  acid,  it  is  resolved  into  glnoose  and  a  bitter  crystalline  lubctaam 
called  asouletin  ,  C,11,0, : 

C„II„0„    4-     30,0    =    2C.UuO,     -h    C,H,0.. 

The  aqneons  solution  of  asouliu  is  highly  fluorescent,  the  reflect«d  liglit 
being  of  a  sky-blue  color.  Nearly  the  same  fluorescent  tint  is  exUibiUil 
by  an  infusion  of  horse-chestnut  bark.  The  color  of  the  latter  if,  how^J 
ever,  slightly  modified  by  the  presence  of  another  substance,  pariia,f 
which  exhibits  a  blue-green  fluorescence;  it  may  be  separated  fnnn  irsrO'l 
lin  by  its  greater  solubility  in  ether.  vEsculiu  and  paviin  appear  to  extStl 
together  in  the  barks  of  all  species  of  ^■Etculus  and  fiicia, — »;sculiu  I 
more  abundant  in  the  former,  and  paviin  in  tho  latter. 

Amygdalln,  C^H„NO„,  la  a  crystalline  body  existing  in  bitter  almondi,  J 
the  leaves  of  clierry-laiirel  (CVriuiu  Latiroca-iunu),  and  many  other  plaiiltj 
which  by  (li.stiliation  yield  hydrocyanic  acid  and  bitt.-r-almimd  oil,  C,{y),i 
To  prepare  it,  the  almonds,  previously  freed  from  fixed  oil  by  pressor 
are  exhausted  with  boiling  alcohol,  and  the  concentrated  solution  is  mixsfl 
with  ether. 

Amygdalin  crystallises  from  alcohol  in  white  sljining  lamiur,  has  a 
bitter  taste,  dissolrei  easily  in  water  and  in  hot  alcohol ;  from  water  it 
crystallizes  in  prisms  containing  3II,U. 

By  boiling  with  dilute  acids,  and  by  contact  with  water  and  emnliin 
or  synaptase,  a  ferment  enutalned  in  bitter  almonds,  amygdalin  is  re- 
solved into  bitter  almond  oil,  glucose,  and  hydrocyanic  aoid  : 


C„U„NOu     4-     2U,0     =     C\U.O     -»- 


CNH    -f     2C,HuO,. 


When  amygdalin  is  boiled  with  alkalies,  its  nitrogen  b  separated  »> 
ammonia,  and  amygdalio  acid,  C„U„0,„  is  formed,  which  by  boil- 
ing  with  dilate  acids  is  resolved  into  maudetic  acid  and  glncoae, 

Arbotln,  C„n„0.,  from  the  leaves  of  the  bear-berry  (Arkutwt  mv  «rii'),i 
crysL-iliiies  in  slender  ne.^lles,  having  a  bitter  taste,  and  dissolving  easilr 
in  water,  alcohol,  ami  ether.     By  boiling  with  dilute  acida  it  ia  reaolva 
into  glucose  and  hydroqulnone  : 

C,,H„0,    +     Ufi    =    C,H„0.    +     C,H,(OH),. 

It  dissolves  in  strong  nitric  acid,  forming  C„H„(NO,),0„  which  tplils 
into  glucose  and  dinitroliydroquinone. 

Chltln,  C,H,5N0„  is  the  sabstance  which  forms  the  elytra  and  intep 
m.'iits  of  inaects,  and  the  carapaces  of  crustaceans.  It  is  best  prepar. 
by  boiling  the  wing-oases  of  cockchafers  with  water,  alcohol,  ether,  awti 
acid,  and  alkalies  in  auooossion,  as  long  as  anything  is  dissolved  out  h 
each.  According  to  Btadeler,  it  is  resolved  by  boiling  with  dilut«  acid 
into  glucose  and  lactamide,  CjH,NO, : 

C,H,5NO,    +     2H,0    =    C,H„0,    +    C,H,NO,  . 
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Conlferlo,  C,,U„0„  oconra  in  the  cambial  jnice  of  ooniferoiu  pUnU, 
and  svparaUa  Lherefrom  on  ooncentratiou  in  sU-llat«  groups  of  poiulrd 
oeedlea,  hariug  a  satiny  lustrv,  anil  containing  2li,0,  whicli  tliuy  lti»t>  by 
tISorvacencv.  By  Itoiling  with  dilute  acitlis  it  is)  rusolvnl  into  ilc&trose 
and  m  rL-diu ;  in  contact  with  emulsin,  into  diistroi^e  and  cuuifiTyl 
alcohol.  By  oxidation  with  uhrouiiu  avid  mixture  it  yi«lda  vauillin 
(p.  871). 

Convolvnlln,  C'jiHjgO,,,  in  obtained  from  jalap  root  (Convolvuliu  »Me- 
)  by  fxtniclioii  wttli  altxiliiil.      It  in  a  gummy  niiiss  having  a  strong 

irgattTo  action;  dissolvea  in  alknlii-s  as  c<mvolvulio  acid,  C,,!!,/),,  ; 
raolred  by  acids  and  by  emulsin  into  dt-xtmau  and  convolvuliuot,  t'ijll,/*j, 
which  ia  converted  by  alkalies  into  convulvuliuolic  acid,  CjgH^Oj,  This 
latter  is  a  monobasic  acid,  which  is  oxidizwl  by  nitric  acid  tu  ipomsio 
acid,  C,jH„0,  ^  f',H„(COjHj,,  isomeric  with  scbacic  acid  (p.  70i). 

JtUappin^  ^si'^M^if.  from  tlio  root  of  Cotufoicufttg  orizabensix,  closely  re* 
•onblea  oonvolvulin,  and  yields  analogous  products  of  decompusitiou. 

Olycyrrbislll,  C,,Hj,0,  ;  Lujuorice-sugar. — Tlip  root  of  the  conunon  liqno- 
rtc<^  y  it-Ills  a  large  i^uautity  of  a  peculiar  sweet  sulMtanoe,  which  is  soluble 
in  water,  but  din>8  not  crystalliio  :  it  cannot  1h>  made  to  fermeut.  Glycyr- 
rhiain  forms  ditScuttly  soluble  oorapounds  with  acids  ;  it  is  precipitated 
from  ita  solution  by  lead,  calcium,  and  barium  salts,  the  pre<;ipitate  con- 
sisting of  glycyrrhiiin  in  combination  with  the  base.  When  boiled  with 
dilute  acids,  it  splits  into  a  resinous  body  called  gly  oorreti  u  ,  C,,H„04, 
and  gluooaa : 

C„H^O,    +     H,0    =    C„H,0.    +     C.U„0,. 

Myronio  Aold,  C,,H„NS,0,„  an  acid  existing  as  a  potassium  salt  in 
the  seed  of  black  mustard,  is  resolved  by  the  action  of  myrotin,  an  allximin- 
oos  ferment  likewise  containml  in  the  semis,  into  volatile  oil  of  mustard 
(fcllyl  sulphocyanate),  glucose,  and  sulphuric  acid  : 

C„H„KNS,0,.    =     C.lIj.CNS     +     C,H„0.    +     SO.IIK  . 

Fhlorlsln,  C„H,,0,„.2H,0,  is  a  snbstanco  bearing  a  great  Uksnesi  to 
aalicin,  found  in  the  root-bark  of  the  apple  and  cherry  tree,  and  extraotwl 
by  boiling  alcohol.  It  forms  One,  (xibtrless,  silky  ntiiHllus,  soluble  in  lUOO 
parte  of  cold  water,  but  freely  diHsolvwl  by  that  liiiuid  wlien  hot;  it  also 
diuolvea  easily  in  alcohol.  Dilute  acids  cuiiverl  phloriziu  into  glucose 
and  a  crystallizable  sweet  substauce  called   p  h  1  o  r  u  t  i  u  : 


+    n.o 


C.H„0,    -f 


'Phlorizin,    fused    with    potash,    yields    phtoretic   acid,  r,H,„0„  a 
autifully  crystalline   acid,  homologous  with   salicylic  and  anisic  acids, 
together  with  phlorogluciu,  C,H,0,. 

QaaTOitlln  is  a  crystalliiable  yellow  coloring  matter  occurring  in  qner- 
^ron  bark,  the  hark  of  Qiurnui  iii/rrlnrin,  whence  it  is  extracted  by  boil- 
i  wster.  IlH  coiiipiisition  has  l>een  variously  stateil  ;  indi>eil,  it  is 
certain  that  the  so-calliil  qnercitrins  exniiiineil  by  different 
really  identical  sulistanci-s.  According  to  lllasiwetz  and 
Pfaundler,  it  contains  C^,H^O|,,  and  is  resolved  by  boiling  with  dilute 
acids  into  another  vellow  crvstalline  body  called  queroetin,  and  iao> 
dalcit«  (p.  619): 

f'.^H-O,,      -f      H,0      =      r„H,.o„      -f 
QuereltrlD.  Quercelln. 


r.n,.o 
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Salioln,  (^ii'^ii'^i'  ''  *  crjstallizablo  bitter  sntistanoe  oontainrd  )s  th«1 
li-av<;a  au<i  young  bark  of  the  puplar,  willow,  and  several  other  In^-t.  IN 
may  be  prejiarivl  by  exhausting  the  bark  with  boiling  water,  <xinc<nlr»liiif  1 
the  solution  tu  a  small  bulk,  digesting  the  liquid  with  powdrrnl  Uti 
oxide,  and  then,  after  freeing  the  solution  from  lead  by  a  htteain  of  «ul-J 
phurettvd  hydrogen  gas,  evaporatiug  till  the  salicin  eryslalliies  out  >al 
LHioling.  It  y  purified  by  treatment  with  animal  vUarcoal  and  rMTyital*! 
liiatiou. 

Saliciu  forma  areall,  white,  lilky  needlua,  having  an  intenoely  bitfa 
taste,  but  no  alkaline  ruavtion.  It  melts  and  decomposes  by  heat,  bunii>l 
ing  with  a  bright  flame,  and  leaving  a  residue  of  charcoal.  Jt  is  sr;lublf| 
in  5.C  parts  of  cold  water,  and  iu  a  much  smaller  quantity  when  lioiliiifl 
but.  Oil  of  vitriol  colors  it  deep-rtyi.  When  distilled  with  a  miitum] 
of  potassium  bichromate  and  sulphuric  acid,  it  yields  SAlicylal  and  ulliti 
proiluvts. 

Salioln,  under  the  influenoo  of  emulsin  or  synapUue  of  sweet  almondi(l 
U  rusolved  into  glucose  and   saligenin,  C,U,0,  (p.  &84). 


C„U„0,    +     H.0 


C,H„0.    +     C,H,0.. 


Salicin  yields,  with  eUorine,  substitution  products  which  are  deoompofrf^ 
by  synaptase   in   the  same  manner   as  salicin    itself,  yielding  rhlorvaali- 
genin,  C,H,C10j,  and  dichlorosaligenin,  C,H,CI,0,.      Dilute  nitrir  aeiJ am- 
verts  salicin  into  hcljcin.     With  strong  uitrio  acid,  at  a  high  tnnprratnrtij 
nitrosnlicylic  acid,  (.'■,Hj(N0,)03,  is  produced. 

Populin,  r'^IIgO,,  is  a  subotauce  resembling  salicin  in  appearance  and 
soliiliiltty,  but  having  a  sweet  pungent  ta.ste.     It  is  found  aci-ompanTini 
salicin  in  the   bark  and   leaves  of  the  aspen.     It  has  the  cniuiMwitinn  of  i 
iK'Uzoyl-salioin,  C„lI,.(C,HjO)0,,  and  when  heated  with   dilute  acids,  hi 
resolved   into   benzoic  acid  and   tho  products  of  decomposition  of  talicin 
namely,  sal  i  ret  in  and  glucose  : 


C„H„(C,H,0)0, 


H,0 


C,H,0,    +     C,H.O    +     C,U„0, 


With  potassium  dichromat«  »nd  snlphurio  aoid,  populiu  yields  a  o'D- 
siderable  quantity  of  aalioylal. 

Belioln,  C,,II,,0,,  is  a  white,  crystalline,  slightly  bitter  substuioe,  l>n>- 
duced  by  the  action  of  very  dilute  nitric  acid  upon  salicin  : 


C„H„0,    +     0 


+    C„H„0, . 


It  is  slightly  soluble  in  cold,  freely  soluble  in  boiling  water,  and  is  rr- 
solved  by  the  action  of  Kynaptase,  or  of  acids  or  alkalies  at  tho  boiliut 
heat,  into  glucose  and  salicylal  : 

C„H,.0,    +     H,0     =     C.TI„0.    +     C,H,0,. 

BemokeUrin,  Cj„n„0„  or  C„H,5(C,HiO)0,,  pmduoed   by   the   action 
dilute  nitric  acid  on  henzo-salicin,  is  resolved  in  like  manner  into  bene 

a«id,  salicylal,  and  gincose: 


Ca,»»0,    4-     28,0 


C,H,0,    +     C,H.O,    +     C,H„0, 


COLOBINQ    MATTERS. 


BlttOT  Prlnoiples  of   Plants. 

These  are  neutral  bodit*  of  iioiiifwlittt  iiiJefiuite  cliemioal  character, 
ahiob  oaunot  at  presieut  be  includtHl  iu  any  of  the  pruceiling  groupn. 

A  1  Oi  n  is  a  ooiuttituent  of  nlova,  the  inspisHated  juice  of  various  speoies 
of  aloe,  and  is  exlrautod  by  treating  the  aloes  with  water.  It  in  easily 
•oluble  iu  warm  water  and  alcoUol,  aud  cryslalliiea  io  slender  needles. 
It  ia  very  bitter  and  strongly  purgative. 

AKiiii"  from  Barbadoes  aloes  lias  the  composition  Cj,H|,0,  ;  that  from 
NaUl  alfKJS  is  C„H„<>u  =  2C„H„0,  +  U^U.  Tlie  former  (barbnloin) 
kMted  with  nitric  acid  yields  aluetie  aeid,  t'„H,(NO,),0,,  together  witli 
oxalic,  picric,  aud  ohrysammic  acids  ;  tlio  laUer  (nut:iloiu>  yields  picric 
and  oxalic  aciils,  but  no  chrysammic  acid. 

Athamantin,  C„H„0„  obtained  from  the  roots  of  Allmmanla  Oreo- 
telimum  bv  extraction  with  ether,  crystallixes  from  alcolmi  and  ether  iu 
•lender  needles  melting  at  79^0.(174.20  K.).  By  boiling  with  hydrochloric 
acid  it  is  resolved  into  valeric  acid  aud   oreoseloue,   C|,Iiu,CJ, : 

C„U„0,    =     2C,n,„0,    +     C„il,„(),. 

By  further  boiling  with  dilute   hydroohloric  acid,  oreoselone  is  converted 
into   oreoselin,  C^HuO,. 

Cantharidin,  CjH,0„  is  thn  vesiocatlng  principle  of  Spanish  flies 
and  some  otUer  insects,  and  mny  Iw  extracted  with  ether.  It  crystallizes 
in  four-sideil  prisms  or  laminie,  dissolves  in  hot  alcohol  aud  ether,  melts 
at  25I10  c  (4820  K.),  and  liuhlimi^  at  a  lower  temperature,  lleali.-d  with 
alkalies  it  dissolves,  forming  suits  of  oantliaridic  acid,  e.  j/.,  Cjll^KU,, 
from  which  acids  repreoipitate  canthariiliu. 

Carotin,  C„H,,0,  a  substance  deposited  in  small  crystals  in  the  cells 
of  Ibo  re<i  carrot,  ervstallizes  from  alcohol  in  red-brown  cubes  melting  at 
1(»3  C.  (3.34.40  F.).' 

Ce  uc  ei!  a  n  i  n  ,  C„H;,0,,  from  the  roots  of  Peuerttnnum  officinale,  crygtal- 
liies  from  alcohol  in  shining  prisms  melting  at  7!>°  C.  (lt)70  F.).  lioiled 
with  alcoholic  potash  it  is  resolved  into  angelic  acid  and  oreoselin, 

Picrotoxin,  C|,H„0„,  is  extracted  by  alcohol  from  coc<!nlus  graing 
(the  seeds  of  .l/cnM/)rr«iu«i  Curcului);  crystallizes  iu  slender  needles  ;  very 
bitt«r  and  poisonous. 

Santonin,  C,5H.,0„  is  the  active  principle  of  wormseed  (from  Artt- 
mitin  mntnnir.a),  from  which  it  may  Imj  extracted  by  Imiling  with  milk  of 
lime  and  precipitation  by  hydrochloric  acid.  It  crystallizca  from  hot 
alcohol  in  shining  prisms  melting  at  170O  C.  (338°  F.);  dissolves  in  alka- 
lies, forming  salts  of  santoninic  acid,  C,jll,,0,. 


Coloilng  Msttars. 


The  moat  important  coloring  matters  of  vegetable  origin,  rii.,  the  Indigo 
and  madder  dyes,  have  already  been  deacrilwd. 


■ 
■ 

I 


UKa-      ^m 


Br  az  il  in  , 
small  yellow 

82 


C„Hu,<),,  the  coloring  matter  of  Brazil  wood,  (Tystatliies  in 
prisms,  which  diasolve  in  alcohol  with  reddish-yellow,  In 
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aJkalirs  w<ih   crimson   color;    Urn  tolulion   is  ilxr< 
acid  ami  xiiic-ttust.     Nitric  acid  untvi-rle  liruilin  in 

Carminio   arid,  C„H„0,^  occurs  in  tlie  ll«« 
and  a  few  other   plants,  huiI   uiorv   abiiiKlaiitly   i- 
(Cocrui  V€icti)  living 
acid,  tilt?  »>)uti>u»  <! 
and  till-  pur"  i-  •■' 
pliidk.' ,  tlic  c*'' 
Irvatiiituit.     A 

ralol  to  drrni'ss,  rt-<lissuUed  lu  atjsululu  ulcuhul,  <i.. 
carlioiialv,  •rht"r"t'.v  a  small  <|ii(iiitity  <>f  phrtyidiorl. 
laslljr,  mixoi  " 
sUinn'.     Thr  i 

It  is  a  liurjtlf-  iTnH  [1    iu.t>>.    *  i*-i'ii  n^^   ji  um-    ifi     J.M  HI  utr,   »<  ji  ii 

and  aKxiUol   in   .til   )ir<i|i<iriiuii«,  tiligUil/  suliililu   in   ntlirr. 

wiliiuut  dc4MUi]Ki6itu>ii  in  voucvulrikU-d  sulpliuric  a>  >'l    l>iit 

lacktHl  l>.v  i;iik>riu<:,  bruuuar,  and  iwlini;,  nrliich  oh.i: 

It  rrsists  a  l>-iup<'ralur<' of  I'MO  (.".  (27(>><2  K.)i  I'lit  i 

tnori-  strongly.     Camiinic  avid  it   MmaiM,  and   forms   >> 

lioilinj(  with  diliitn  aulpbaric  aud  it  i«  n-^xlvMl   fi)(r>  . 

sugar  and  rjirniin<>-rvd,  C„tl„0,.      )> 

aiTid   and  nitrorurcusic   acid. 

fr<'t!'  ■■  -'   ■  •■    '--  ■    aliining  plates,  mi  i  »  n.u  n.-.-ni  .i  »  ir 

r»"?'  I'l    t  r  i  n  ilro- rroKot  i  0    aiid,   <",' 

OJjli.     -   .  .  li  UBvd  fur  girinj;  a  red  color  to  Mlk  lui.. 

Carthatnin.    C„n„0,,    U  tho  rod  eolorinf;  msttiir  of  the 

tli«  aalD"  ■f.iiMHM   liHilnrttu').      It    lit    (n 

flovet*  »  iivr  to  rfmore  a  yrllnw   - 

rosi-'"- »  ..  i.,iiii;,.i,  .,<  «.-lmra  carb..:. 

Ui.i  ;    by  a<>dii- 

ha\  n  dry.      It   i 

kalira  wUIj  a  lint-  r^^l  ccjlor,  which,  howi-TiT,  is  vi-ry  fu>: 
with  potash  ityii'Ms  par*oxyl>«ninic  and  oxalic  acida.  ( 
for  dyviUj*  silk,  and  as  a  ixisuHstic. 

Chlorophyll,    or    Loaf-t  f  <'"ii .    is  n.iit.iinnl.  In 
and  olbi^r  sul«taui'.'»,  in  tlii<  i ' 
l|fr»*^n   pnrt«  **f  pl«nl«.  ftnd   ni 
Witt 


ptiUli 


i-tl,.- 


III.    ail 


p<fciii 


Kiii   iri'll  nj'p«-jr-.  I'l   Ix'  .TiU  ,-i.,',.-u[);iI 


On  ret!  m  in,   f,„H,.0..,  *»  ih<-  mvlr-riti;:  mattrr  of  tti 


it» 

I««   ■      -        - •    .     r    ■ 

bjr  alkaliw  and  rmtorad  hy  acids. 


i:.uJL,iuli 


iVU  \»i\.»jU  J  \.  i.U  liV'A  •■  H  N- 
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then  hydroqninone.  Strong  nitric  add  oonrerts  it  into  trinitroresoroin, 
kud,  ou  tlie  utiier  hand,  re^orcin  lieat«d  with  oxalic  and  Bulpburio  acid, 
appears  to  yield  uuxuuthuUL-. 

Hematoxylin,  C„H„0„  the  coloring  matter  of  logwood,  orystallizea 
with  3  mol.  H,0  in  pale-yelluw  prisiun  ;  lioii  a  Bweetisli  tojite  ;  disaulvog 
easily  in  water,  aluohol,  and  ether,  forminj;  dextro-rotatory  solutions. 
Mr'ith  a<et!)t  chloride,  it  forma  C|,H,(C,H3(J),(>,. 

By  exposure  to  the  air  in  amiu<iiiiai-.Bl  solution,  it  is  converted  into  he- 
mat  «>  n-auimonia,  C„H|,{Nil,)0„  which,  on  sinmtnneous  eva|)ora- 
tioD,  is  deposited  in  darlc  violet  cryatalii.  Acetic  acid  ailded  to  the  .solution 
throws  down  hemateiu,  C„H,j()„  as  a  red-brown  preeipilnte,  liaving  a 
metallic  lustre  wlien  dry,  and  dissolving  in  alkalies  with  a  fine  viiili't-lilue 
color.  Sulphurous  acid  and  other  reducing  agentu  rcLunverl  hemaleia 
iutu  hematoxylin.     The  latter,  fused  with  potash,  yields  pyrugallol. 


k 


Alkaloids. 


This  term  is  sometimes  nsed  as  a  guneral  name  for  organio  hases,  bnt  it 
is  more  especially  applied  to  those  which  occur  ready  foruicl  in  the  Ixnlies 
of  plants  and  animals,  and  those  which  ar>'  produced  by  the  destructive 
distillation  of  complex  organic  hotlieti.  .\ll  these  lia.<ies,  like  the  amines 
alrea"iy  describe"!,  are  derivatives  of  ammonia,  but  their  molecular  struc- 
ture is  for  tlie  most  part  unknown.  Those  which  are  free  from  oxygen  are 
▼olAtile  ;  thotfe  which  contain  that  element  are  deoomposud  by  distillaliuu. 

KOX-OXIDIEED  TOLATILB  BiLSES. 

Pyridine  Baaea,  f  nH^n-jN. — These  bases,  metameric  with  aniline  and 
its  hi'iniilo|,'iies,  .ire  containeil  in  coal-tar  nnphtbit,  and  in  the  volatile  oil 
called  Dippel's  oil  {Olriim  aniimile  lii/i/iflii),  nliiatned  by  tlie  distillation  of 
bonea  and  other  animal  matters.  They  are  all  liquid  at  ordinary  tenipe- 
ratorea,  and  react  as  tertiary  monamines.  Their  formulis  and  boiling 
pointa  are  as  follows  : — 


Pyridine, 

CjH.N, 

Picolino, 

C,H,N, 

Luti'line, 

C,H,N, 

ColUdine, 

C.UuN, 

B.  r. 

a.  r. 

117° 

Parvoline, 

C,H„N, 

188^ 

1330 

Coridine, 

C,jH,jN, 

21  lo  i 

i:)40 

llubidine, 

C„H„N. 

23(K>    ■ 

1790 

Viridine, 

C„U„N, 

2610 

artificially  hv  heating 

amyl  nitrate  with 

:ui.o 

=  CJKN.    When 

heato<l  w 

ith  sodium 

U  is  converted  into  dipyridine,  f,jIl|„N„  a  crystalline  base  which  melU  at 
ir>fO  C.  ('220.40  F.)^  aiij  gublimos  nt  higher  temperatures  in  needle-shaped 
crystals. 

Plcnlinr  (metameric  with  aniline),  first  obtained  by  Anderson  from  ooal- 
tar  naphtha,  is  a  mobile  liquid,  having  a  strong,  persistent  odor,  and  acrid, 
bitter  taste:  sp.  gr.  0.995.  It  remains  liqui<l  at  — 180  C.  (0.4O  F.),  and 
volstiliies  qnickly  in  the  air.  It  is  strongly  alkaline  to  teat-paper,  mixes 
with  water  in  all  proportions,  and  forms  crystallizahle  salts. 

Dippel's  oil  likewise  contains  methylamine  and  several  of  iu  homolognes. 

ChlnoUne  Baaes,  C.H„rt,N.— Three  base*  of  this  series,  vU. : 


(•.H,N 
Cbtoollne. 


C,»H.N 
licpldlae. 


C,.H.,N 
Oryplidloe. 


ALKALOIDS. 


•rr  produced  br  distillation  of  quinine,  dnrhnnine,  and  a  few  oXhrr  tistonl 
alkaliiiils,  witli  potoissium  liydroxide  ;  and  uther  b.isns  isiiiiipric  wilk  \iirm, 
vi».,  Ituruline,  (.",H,N',  iridolint,  (',jH,N,  etc.,  ar<«  eontainoi  in  coal-Lu  nifli- 
tlia,  and  <lialil  over  after  llie  jiyridine  tuMit)  (aliove  ii<U-  C,  '.\'i'i>'  V.). 
Thi'y  are  nily  liquids  iusolulile  in  water,  ea-Hily  soluble  in  "lUvbol  iml 
etlit-r.  Tlicy  arn  tertiary  amines,  yii-ldiug  aunuiiniuui-ba-ics  wbcu  tn.-aii'J 
with  ethyl  iodide  and  silver  oxide.  These  salts  are  crystallinv,  and  ea>ilj 
•nliible. 

('  h  i  u  ol  i  n  e ,  C,H,N,  ia  a  mobile,  strongly  refracting  liquid,  boiling  at 
%ii>fi  C.  (460.40  p.),  and  having  a  sp.  gr.  of  1.081  at  dO.  Ueatcd  with 
auiyl  iodide,  it  forms  the  uompound  (C,H,)(C,H„)N1,  whii-b  is  conrerla4 
liy  bcAting  witli  potaah  into  cyanine,  C^H^'^'I,  a  fine  blue  dyi'-stnH, 
wliieli  crystallizes  in  green  metallically  Instrous  plates,  and  dissulres  «ill> 
blue  c<ilor  in  aluiliul.  A  similar  blue  color  is  obtained  with  lepiditic,  and 
a  mixture  of  the  two  has  been  used  for  dyeing  silk. 

Lcufolinr,  C,U,N,  from  coal-Ur  oil,  boiU  at  about  230O  C.  (428C  f.;, 
and  does  not  yield  cyanine. 

Leiiidine,  from  cinchoniue,  boils  at  20(10-2700  C.  (SlO.fP-Sl^O  p.) ;  thu 
iaomerio  base  from  coal-tar  oil  boils  at  2520-2570  C.  (,4Hi.eP-AH.9^  F.). , 


Conine,  C,n,jN,  is  contained  in  hemlock  [Canium  nuirulahm),  tepMially  I 
in  the  seeds,  and  is  obtained  therefrom  by  distillation  with  potasb-lyx.  Il4 
ia  a  oolorless  oily  liquid,  having  a  pungent,  stupefying  odor,  and  is  vrrjr' 
poiaonoos.  8p.  gr.  0.89.  lioiling  point  168'^  C.  (3:U.4^  p.).  h  disselrei  ; 
easily  in  alcohol  and  ether,  sparingly  in  water,  and  fonns  cryslallinr  di-ll> 
queseent  ealts,  which,  like  the  base  itself,  turn  brown  in  ooutact  with  til*  J 
air.     With  oxidizing  agents  ooniue  yields  butyric  acid. 

Conine  is  a  seoondiiry  moiiamine.     TreattNl  with  ethyl   iodide  it  jriddtJ 
succossively   two   iodine-compounds — namely,   C,H,j(C,Hj)Nl  tiul 
C,II|,(C,Uj),NI.     The  latter  is  converted  by  silver  oxide  into  stolo 
base. 

AfaracoRi'iis,  isomerio  with  ooniue,  is  formed  artificially  by  heating  i 
butyric  aldehyde,  C,H,0,  with  alcoholic  ammonia — whereby  rfiViii/j 
is  obtained,  having  the  composition  C,U|,N0[=3C',ll,O -J-Nll, — 11,0],— 
and  subjecting  this  base  to  dry  distillation  :  C,ll„NO— ll,()  =C,U„N.    It 
is  a  violent  poison,  acting  in  the  same  manner  as  the  natural    I'--       l'-"< 
it  is  less  soluble  in  wnt.T,  more  expansible  by  beat,  and  exhibit 
dilTerent  reactions  with  hydmchbiric  acid,  silver  nitrate,  and  k'.i 
With  ethvl  ioiiide  it  forms  the  iodide  of  an  ammonium-lMUte,  cuiiVDrtiO 
by  silver  "oxide  into  a  strongly  alkaline,  bitter  syrupy  liquid  :  Uence  it  ! 
a  tertiarv  monamine. 

Closelv  allie<l  to  conine  is  mnJlyrfruie,  C,H„NO,  m  orjrstallino  biM,  i 
traoted  from  hemlock  flowors.    When  distilU-d  with  anhydrous  pboapt 
acid,  it  splits  into  conine  and  one  molecule  of  water. , 

Nicotine.  r,jn„N„  exists  in  the  seeds  and  loaves  of  various  kinds 
tobacco,  from  which  it  may  be  obtained  by  extraction  with  dilnle  siilpliur 
acid,  ami  distillation  of  the  concentrated  extract  with  potash-lye.     It  is  i 
colorless  oil.  h.tving  a  density  of  1.048,  boiling  with  partial  deo<>n>[XKitia 
at  SiilX}  r.  (4820  p.),  without  decomposition  in  a  stream  of  hydn>gen 
1500-20110  C.  (302O-392O  P.).     It  turns  brown  in  the  air,  has  a  very  «t« 
pefying  odor,  and  is  very  poisonous.     It  is  a  monoacid  base,  fonulng  vc 
■olnhle  salts,  which  crystallize  with  difficulty. 

A  mixture  of  nicotine  with  nn-thyl  or  ethyl  iodide  soUdifiea  aAer  •  sha 


CREATINE 


Hme  to .1  urystallinu mass,  conlaiiuiigC',„ll„(Cl!,),N,I„ or  Cu,ll,,(C,Uj),N^, 
TOiivertilili'  l>y  silvur  oxide  into  suliilili.'  ba»i«. 

Ilr  fuming  nitric  acid  or  chromic  acid  mixture  uicotiuo  ia  oxidized  to 
nii:otic  acid,  L',gli,N,U„  which,  when  di:«tilltKl  with  lime,  yieldii  pyri- 
ilin<>,  and  whim  hivitedwith  bromine-water  tol2(P  C.  (iMb^i  F.)  is  resolved 
iutu  bromofonu,  carbon  dioxide,  nitrogen,  and  pyridine. 

Sparteine,  f^nH^N,,  occur:i  in  the  common  broom  (S/iarlium  sco/x:riuni) , 
liiil  l■^  4ilil.>inwl  iln'relrom  liy  extraction  with  dilute  sulphuric  acid  and 
di-itillatinn  with  jKilasli.  It  is  a  colorkbs  liquid,  boiling  at  22f-C)l".  (442.4P 
t'.);  dissolves  sparingly  in  water,  lijus  a  bitter  timte,  and  acta  as  a  uar- 
a4ie.  It  is  bLruagly  alkaline,  and  has  the  vunstitutiou  of  a  biaoid  tertiar/ 
imine. 
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OXYOXKItBD   BAdSB. 

1.  Ban*  related  to  the  Ureidet.  —  Derivatiee t  of  Guani- 
dine. 

The   following  oomponnd§   are  derived   from  guanidine   CHjN,^ 
HNClT(IiiU,),  (p.  (549),  by  the  substitution  of  acid  radicles  for  au  atom  of 
IiydnigeD. 

OlycocyanUne  or  Onanldacetyllc  Acid,  C,II,N,0„  is   formed  on 

mixing  the  uijut'ouii  HolutKuis  <il  glycocinc  and  cyanamide  (p.  54b)  : 

UX— C^NU  +  I1X(NII,)(C(\H)    =  H2erC(N'H,)(NH.CH,.C0,H); 
Cyanamide.  '    Glycuciae.  Olycocyamlne. 

and  aeparat^^  in  granular  crystals,  soluble  in  120  parts  of  cold  water, 
easily  soluble  in  hut  water,  iusolulde  iu  ulculiol  and  ether.  It  unites  with 
bases,  forming  crystalliuo  compounds.  Boiled  with  water  and  leadoxide, 
or  with  dilute  sulphuric  acid,  it  is  resolved  iuto  guanidine,  oxalic  acid  and 
carbonic  acid. 

Olyoooyamidlne  or  aiyoolylgnaaidlne,  C^II^NjO,  related  to  glyoo- 
cramiiie  in  llic  same  manner  as  bydiiiilniii  to  hydantoic  acid  (p.  802),  is 
fonueal,  as  a  hydrochloride,  hy  heating  the  hydrochloride  of  glycocyamino 
to  lOtio  C.  (3200  F.)  : 

NH  ^NH— CO 


Oljreocyamloe. 


:0^0,H  =  HN^C<^,^^J^^-fH.O 


Olycocyamldiae. 


The  free  base  crystallizes  in  deliquescent  laminie,  having  an  alkaline  re- 
•oUon.     Its  hydrochloride  gives  a  precipitate  with  platinio  chloride. 

Creatine,  C,H,N,0„  A/e/Ay/7/yrocyrtminr,  oconrx  in  the  animal  organism, 
et(nN'i,tlly  in  flesh  Jniw,  and  is  formivl  artificially,  like  plyro<'yaniine,  by 
the  union  of  cyanamide  with  methyl-glycocine  (sarcoslne,  p.  779) : 


+    I 


NH.CH, 


=  hn: 


(•ii,.rn,n 


:c<?"i 


N(CH,)— CH,--CO,H. 


Il  may  be  prepared  hy  macernting  flnely-cliopped  meat  in  cold  water,  boil- 
ing the  extract  to  coagulate  albumin,  precipitating  the  phosphoric  acid 
from  the  filtrate  by  baryta-water,  and  evaporating  to  the  cryatalliting 
point. 
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CruKtine  oryitallixes  In  shining  prisma  containing  1  mol.  r 
tliL-y  t^ive  oS  al  UKK3.     It  ih  neutral,  sliglitly  liitt<<r,  uiu<ifral>  <  ml 

boiling  WAt»r,  very  sparingly  in  aluuhul ;  furiun  cryiUiUino  soils  <.^<iii  jjuiug 
one  trqilivali-nt  of  aciil. 

Creatine  lma.ted  wilit  aciiU  is  converted,  by  abstraction  of  11,0,  inU 
cniatinino  {tM/ra),  By  boiling  with  water  it  U  resoWed  iuto  urea  and  *ar- 
ouHiue : 

«„  NH(CH^ 

methyl-hydantoln  being  also  formed,  and  ammonia  giTcn  off.     Boiled  willi 
meruuriu  oxide,  it  yields  methylguanidine  and  oxalic  acid. 

Creatinine,  C,n,N,0,  Mrthi/li/lyfori/amiihne.  is  an  almost  constant 
stilurnt  uf  urine  (0.25  |H-r  cent.),  ami  is  fonued  fiuiii  creatine  by  erap 
rating  tlie  aqueous  solution  uf  the  latter,  e^ipecially  in    preaenee  of  acid 
It  crystalliien  in  rhombic  priitus,  much  more  soluble  in  water  and  alcohafl 
than  creatine ;  expels  ammonia  from  its  salts  ;  and  forms  wetl-crj-slallift 
salts  with  acids.     It  unites  also  with  »>rtain  salts,  forming,  fur  exaiupir, 
the  compound  (C,H,N,0)^nC'l„  which  is  pri-cipitatod  by  xiuc  chloride  from 
sohilious  of  creatinine  as  a  sparingly  soluble  crystalline  powder. 

Creatinine  is  reconverted  into  creatine  by  the  action  of  bases,  and  is  R- 
sulved  by  boiling  with  baryta  into  ammonia  and  muthyl-hydantuln — 

<NH CO  ^NH CO 

I       +  H,0  =  NH,  +  C0< 
N(CI!,)— CH,  ^N(CIl^U, 

By  iKiiling  with  mercuric  oxide  It  is  reeolred,  likn  oreatine,  into  methyl- 
guauidine  and  oxalic  acid. 


Nearly  related  to  the  areidea  are  also  the  bases  guanine,  saitinei,  xan- 
thine, and  oarniue,  which,  like  urea,  occur  in  the  animal  orgoniun  la 
products  of  the  oxidation  of  the  tissues — and  the  two  regulable  haiM, 
theobromine  and  caffeine.  The  constitution  of  these  bases  is  not  yet  (atab- 
li!<he<l,  but  their  relation  to  the  urcidea  is  shown  by  their  prodiut*  of 
decoui  posit  ion. 

Ouanlne,  CjHjNjO,  was  flrst  obtained  from  guano :  it  has  also  hsM 
provwl  lo  exist  in  the  pancreatic  juioe  of  mammalia,  and  in  the  exeremenl 
of  the  s|)ider.  To  prepare  it,  guano  is  boiled  with  water  and  calcium  hy- 
drate until  a  i»rtion  of  the  liquid,  when  filtered,  appeara  but  slighiiv 
ixilored:  the  whole  is  then  Altered,  and  the  flltrata  satnrat«d  with  acnV 
acid,  whereby  the  guanine  is  preripiuted,  mixed  with  nric  acid,  ll  is 
purified  hy  solution  in  hydrochloric  acid  and  precipiution  by  ammonia. 

(Juanine  is  a  colorless,  crystalline  powder,  insoluble  in  water,  almhi.!. 
other,  and  amimmia,  solnble  in  acids  and  solution  of  potash.  It  umi-- 
with  acids  forming  cryslalliiable  salts,  t.g.,  C^n.NjO.HCl  +  U 
2C-.HjN.0.H  SO.  +  2  Aq. :  3CjH,Ns0.2C,H,0. ;  ilso  with  rart.ill,c  l«.s,»  aii.i 
salts,  e.g.,  CjHjN.O.NaHO  +  2  .\q. ;  CjU,N,0.  AgNO,.  By  oxidation  willi 
hydrochloric  acid  and  |>otAssium  chlorate,  it  is  converted  into  a  mixture  of 
guanidine  and  parabanic  acid  {79U). 

Xanthine,  CjH,N,0„  is  found  in  small  quantity  in  m.iny  animal  »emw 
tioiis,  a»  in  urine  ami  blood,  in  the  liver,  and  in  cerlAiii  urinary  calculi. 
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H  is  formed  Artificially  by  the  action  of  nitrouB  acid  upon  guanine,  and 
iiiin  amalgiini  on  uric  acid.  It  is  a  wliito  anuirphous  mass,  sooie- 
»ulubl<*  in  boiling  water,  and  uniting  liotli  with  Rcids  and  with  bases, 
solvoii  easily  in  boiling  aqueous  aiuuionta,  and  Hilrcr-nitrate  added 
to  the  solution  throws  down  the  compound  0jIl,Ag,N4O,4-  H,0.  This 
oompouDd  treated  with  methyl  iodide  yields  a,  body  isomeric  with  theo- 
bromine : 
1  CjH,Ag.N,0,    +     2CU,I    =    2AgI    +     C,H,N.O,. 

Sarclse  or  Hypoxanthtna,  CjH,N,0,  almost  always  acoompanles  xan- 

I  Ihiue  in  the  auimul  orgaiiiisiu  ;  and  is  distinguished  from  xanthine  eape- 

I  rially  by  the  sparing  solubility  of  its   bydroc-hloride.     It  form«   needles 

slightly  soluble  in  water,  more  soluble  in   acids   and  alkalies.     From  its 

ammuniacal   solution,   BilTor-uitratt)   throws   down   the   cowpoaud 

'  C.IV*g,N.O  +  H,0. 

Camlne.  <^,H,N,0,,  ocours  in  extract  of  meat.  It  is  pulv€<rulent,  mode- 
rately soluble  in  hot  water,  and  forms  a  crystailtne  hydrochloride. 

Theobromine,  C,U,N,0„  which  differs  in  composition  from  carnine 
by  only  1  atom  of  oxygen,  oucurs  ill  cacao  l>eans,  the  seeds  of  Tlirutroma 
'  Cacuo,  from  which  cocoa  and  chooulute  arc  prepared.  To  extract  it,  the 
k^MU  >r«  boiled  with  water ;  the  solution  is  precipitate<l  with  lead  ace- 
^^(•i  lo  remove  extraneous  matters  ;  the  tillrate  is  freed  from  tt'a<l  by 
P^drogen  sulphide,  and  evapfiratwl  to  dryness  ;  and  the  residue  is  treated 
with  aluohol,  which  extracts  the  tlieobrouiiue. 

Theobromine  is  a  white  crystalline  powder,  having  a  bitter  taste, 
•lightly  soluble  in  water  and  in  alcoliol,  moderately  i-oluble  in  aqueous 
ammonia.  It  has  a  neulrul  reaction,  but  unites  with  acids,  forming  crys- 
talline salts,  which  are  decom[KiHed  by  water.  From  (lie  auimoniacal 
solution  silver  nitrate  throws  down  the  compound  f,ll,.AgN',<l„  which,  by 
beating  to  100-"  with  methyl  iodide,  is  converted  into  melhyl-tlicobromine, 
C,U,(CHj)N,0„  or  theine. 

Tbeine  or  Ca(felne,C,H,gN,0„  Meihi/l-lheohromiiie,  occurs  in  the  leaves 
•ud  seeds  of  the  oilfee  tree,  in  tea-leaves,  in  Paraguay  tea  (from  JIrr  /tnru- 
qmagtmsU),  and  in  guarana,  the  dried  pulp  of  the  fruit  of  Ihiiltinia  torbilit, 
Th«ine  is  extracted  from  these  snlistances  by  the  process  above  described 
for  the  preparation  of  theobromine  :  it  crystalliica  ou  cooling,  and  may  bo 
purified  by  means  of  animal  charcoal. 

Theino  forms  tufts  of  silky  needles  containing  one  mol.  H,0,  slightly 
soluble  in  cold  water  and  in  alcohol,  and  giving  off  their  water  of  crystal- 
Uiation  at  lOOO.  u  melts  at  22.10  c.  (437°  F.),  and  sublimes  without 
decomposition  at  a  higher  temperature.  It  is  a  weak  base,  most  of  its 
Mlta  being  dooomposed  by  water.  The  aurochloride  and  platinochloride, 
however,  are  more  stable,  and  form  orange-yellow  crystals. 

By  the  action  of  chlorine  or  nitric  aoid,  theine  is  converted,  with  evo- 
lation  of  methyl.tmine  and  cyanogen  chloride,  into  amalic  acid, 
C,JI„N,0,,  which  has  the  wniixwition  of  tetramethyl-alloxau- 
ti'n,  C,(CH,),N,0,.  It  forms  sparingly  soliilile  crystals,  which  are 
colored  violet-hlne  by  alkalies.  By  the  further  action  of  clilurine-water, 
theine  yields  cholestrophane  or  dimethylparabanio  acid, 
C(CH,),N,0,(p.  8tHl). 

Tbeine  lioiled  with  baryta-wat«r,  is  resolved  Into  CO,,  and  the! dine 
or  caffeidino,  CjH^NjO,  an  easily  soluble  strongly  basic  oomx>onnd, 
which  is  deoompceed  by  prolonged  boiling  with  water  into  garcosiuc  and 
other  prod  acts. 
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X.  Ofimm  Bm»*a. 

Opim,  Om  Itm^ianUi  J>Wm  of  Um  lulf-Hp*  M|an]M  «t  Vb»  < 

naatber  «r  baae*  ooabiavd  villi  aalpLiuia  and  mrrtm[e  aeU.    Vm  I 
kaovaof  Umsm  tma  an: 


CodaiM, 

Tketaiaa, 


PspaTwriaa, 

KaraUBB, 

KMOtei^ 


pOf  Umm,  aonilUAe  aad  aarogtiM)  ai»  ika  aaat  abniuiant,  tk<-  nst  ««v- 
b  rii^  is  anall  qnaatiiy,  aa4  «aljp  la  particalar  varMt«  of  ufiiiuB. 

kMM  Mtr.  •^<Mia•^i  hr  illsroaUnf  uuiuin  witli  warm  walT.  pn<i|^ 
Ibr  to*'  i   leariof  111* 

I  dttrate  t'  .aorpKla*  and  i 

|,«r]r*tallii«  uut  Un>l,  ^utd  (UAy-  U)  Aoidkio!*^  Ly  lr*»Ung  tlivir  i 

wicli  snunonia,  wbsrebf  U>«  uurpltioo  t*  alun*  jme^fUatai,  lk> 
I  nonaiaing  dUsotrpd. 
Tlie  awtbtrr-liijiior  nf  thv  mnrfikinr  anil  on<l«<»»  hydfoAlnfWn  ia  alstl 
I  villi  aauoonia,  which  throt»»  down  naronlina,  Ingvllwr  wiili  ■mull  ^aaall- 
I  Hm  of  paparerinr,  and  thebaiiM,  autl  a  rcain,  while  narmliM  laiaalai  a 
raolation. 

Morphias.  C„n„NO,  +  Ufi,  iforpttin  nr  yfnrpUmm,  la  yinlplUtrf 


^ 


trciat  iu  lalu  u  ■  wbit«  powdtr,  and 
bnl  rrnr  brilliaiil  pri»uis.     Il  nijair^s  at  ' 
lion,  laatea  «li.'    '     ' 
are  ameh  norx- 

p,^,  ..r  i-.iii„..  „,.., „ , 

di9»'  v<xaa  of  oaosltc  )«>iji/>h  nr 

•mui'  '>-n  heated  in  tlip  air.  iii<>' 

and  lfJtT«s  a  siji&l]  qaautit,T  of  chat' 
phine  in  "mull  dos««  ia  narc<>fir  ;  in  ' 

Jl"'  1  tertiary  ii. 

■j-  31  :lii<>s   in   t 

aiKl     III    mr-'-liiil.       Tic  .7"i»*^'*j-^ 

WaU-r,  and  cTTHlnlli/  s. 

<i.l<i(i..ri..    •,}    i.>..ri    -  'v-ill^    art*  . 


ftvm  alaibi4  ia  trntH 
,  •rta  of  watav  ttrmim- 

rr>*otjon  T     . 

UAmt.. 

"  -lilitto  -^....  .  ,,  .  <— 

.  1>orn«  Ilk*  a  i 
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-,,t    .lirlr    >,l>, 


ffrwif    rU\A. 


la»h-i 


M  I  ill   ii'Tiolide,  ln"i>^'''a'«* 
iiirtlijrlaminc. 


Mor(tliiii«  hwateil  wilk 
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A  iivranr  pb  ine,   C,,H|,NO,,    a   ronip^nnd   ■■ 

(■r(iMii.-,  is  funned  when  morphine  is  Jn-al'-'I  i' 
)  lie  acid,  and  si-paraUii  u  n 

Il  thf  *ir.     It  diffcni  from  i. 
Ill'  I,  and   i-ht(>r«rorni,  and  in  ill  pli^-siulugical  acUun,  which  i>  nut  atf- 
tii;,  but  vinetic. 

Codeine.  r,^n„N(\=  r„n,.(CTi,)NO,.  irrikyl-mi,rjMm:—Thl»  }mt, 

plillttlti'I    frttiit    ■•Ilium    ;i>    nln.ri-    d.-siT  i  t>.-ti      .  m^I  ril  1 1  ?.-<    fniin    oltif*    i 
•In  'III  ' 

bail 


*  n  t«  rnn%rnlrn(  In  dr^l«iiiit»   prr*nln  hitnc* 

1jti>tlltiri'k   t  \     lifinii'*  fflilliitf     1(1    in;    w    n      nrl^atlm     , 


br  ntm^a  endtiic  U  tmt 
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its  salts.  HoKted  with  strong  endn-Iinip  it  pivcs  off  melhylnminir  nnd 
IrirarUiyUmiiiii.  Hit.tt.il  with  strong  hyilrocliloric  aeiil  to  l4<IO_15ijO  c. 
(S»4O-302C  H.)i  it  is  rcsolvwl  iuto  methyl  cliloridu  and  ap<>iuor)>)iiua  : 

C«,n„NO,    4-     HCl     =     CH.Cl     4-     H,0    -f     C„H„i\0,. 

Codeine  ia  also  a  tortiary  mnnamlnp,  forming  »filli  etiiyl  iodide  a  crys- 
tallinn  iodidu,  C,  Uq(C,11JN0,.I,  couvcrted  by  silvor  uxide  into  an  alka- 
liuu  base. 

XTarcotlne,  C^H^NO,. — ^The  mare,  or  insoloMo  portion  of  opinin, 
coutaiiu  uiucli  iiurooliiic,  whiuli  may  Imj  extracted  by  bulling  witli  dilute 
acetic  acid.  From  tlic  filtcriKl  Holiitiun  tbe  narcotino  is  precijiitatHd  by 
ammnnia,  and  ufli-rwards  purifiiHl  by  nolution  in  boiling  alcohol,  and  filtra- 
tion Ihrniigh  auiaial  oharvoal.  Narcotine  i-rystallizes  in  small,  culurless, 
brilliant  prisms,  urarly  insoluble  in  water.  Its  basic  powers  are  very 
feeble  ;  it  is  destitute  of  alkaline  reaction,  and  althouj;h  freely  solnble  la 
•«id*,  drMMi  not,  for  the  most  part,  form  crystallizalde  salts. 

treated  with  a  miicture  of  dilute  sulphuric  acid  and  manga- 
!>'  .  or  a  hot  solution  of  platinic  chloride,  yields  opianic  acid  (p. 

i)'^),  i..i..(in-r  with  basic  products. 

Cntarnine,  C,,H,,NO„  is  contained  in  the  mother-liqaor  from  which 
opiaiiio  acid  has  crystallized  ;  it  forms  a  yellow  crystalline  mass,  very 
aoiubln,  of  bitter  taste,  and  feebly  alkaline  reaction.     Its  hydrochloride  ia 

welMeflneit  salt. 

O'taniine,  prntly  heatwl  with  very  dilute  nitric  acid,  is  convertc<l  into 

ithylauiiiie  nitrate,  and  colurnic  acid,  a  bihosic  acid  ooutaiuiiig  C',,U,,Oj: 

C„UuNO,    -f     2H,0    +    HNO,    =    CHjN.HNO,    +     C„H„0, . 

Thebalne,  ('„n„NO„  rh/Htvrrlnr,  r«II„NO„  and  Xnrctlne,  C„H^NO„ 
are  nisii  riiulaiii<-<l  in  opium  in  sninll  quantity.  Thebaine  forms  silvery 
Bcak-s,  melting  nl  WiO  C  (379.40  F.)  ;  insoluble  in  water,  potash,  and 
aumionin.     Papaverine  melts  at  141' -li'iO  C.  (2Sn.80-2<):io  F.). 

The  following  liases  are  also  found  in  opium,  at  least  iK-ensionally  ;  corfa- 
Mine,  C,,lI,,N<>j,  lanthnfiiuf,  faHjjNO^,  liuulnninr,  C^lljjNO,,  mrroiiiJihe, 
C,,llgNO^,  «;ii'iiNinr  and  ixirplii/ruj-in',  but  they  are  of  small  importance, 
•tid  comparatively  little  is  kuowu  respecting  them.* 


3.    Cinchona  Baiet.' 


The  harks  of  the  various  spwics  of  cinchona  contain  a  nnmh«<r  of  alfca^ 
Iri'ids,  associati'il  with  quinic  aci^l  and  ciuchoua-tanuiu,  Tlie  best  known 
of  these  bosi-s  are  ; 


Quinine,      Cj„H„N,0,. 
Qninidiue,  C'b,IIj,NjO,. 


fincbonine,      C„H,jN,0. 
L'inchonidine,  CjoH„N,<), 


Qninine  is  found  chiefly  in  yellow  cinchona-bark  (from  China  regia)  ;  oin- 
ehonine  in  the  gray  bark  (from  China  Itnixnoro). 

Th«  bases  are  extracted  by  digesting  the  pulverized  bark  with  dilute 
hydfixhloric  acid,  and  precipitating  the  filtensl  solution  with  sixlinm  car- 
bonate, or  magnesia.     The  precipitate,  consisting  of  i|uinine,  einehonino, 

•  Si^  Hntr,  Ann.  fh  Phnrni.,  cllll.  Tt  ;  Omelln'R  Humlbook,  xTtll.  Ittt,  IDTi 
tM,  901,110;  watts'i  Diclioosry  of  L'licmlstry,  Supiilemeut,  |i.  »«3. 
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nmi  a  frw  othi.<r  subiitiincm,  is  boiled  with  kIooUoI,  »ii4  tho  inlnlinil  1l 
K.'itiirutiHl  witli  sitlpliurio  Hcid,  aiid  eTa[H>rsU<<i.  On  cooling,  it  tn\  it' 
jmiiits  aMlplmlo  of  qiiiniiio,  and  aflvrwardii  lliv  rinvliouiut;  salt.  Thefrn 
littsirH  Art*  uaaily  Hcpiirated  \>y  t'tlii-r,  which  ilisnolvcs  mil^  lh«  quinme. 
Uuinidino  and  cinchouidine  aru  found  in  th«  lausl  uiothvr-liijuun  of  tlit 
sulphuric  acid  iwlutiou. 

Cinohonine  crystallizmi  in  small,  brilliant,  transparrnt,  four-«iilnl 
pri.tiiis.  It  is  viT_v  flliKhtl.v  8olubl«  in  wati-r,  ditwolvcji  rradily  in  boiling 
alcohol,  and  ha.i  but  little  tasti?,  although  ito  «alti>  are  excessively  bittar. 
It  in  a  jKiwerful  baae,  neutraliiinj;  acids  completely,  and  (ormin)?  »  »rri«  1 
of  orystallizable  saltu.  It  turns  the  plane  of  polarizalioD  strongly  lotlw 
right. 

Qnlnlne  Miuuh  resembles  cinohonine  ;  but  does  not  crystallize  to  «<-ll: 
it  is  uiUL-li  more  soluble  in  water  :  tastes  intensely  bitter  ;  turns  ihx  plant 
of  polarization  strongly  to  the  left. 

Quinine  sul/tlutte  is  manufactured  on  a  very  large  scale  for  niiMlicinal  vtt; 
it  crystallites  in  small  white  needlt^,  which  give  a  neutral  nolutiou,  It 
«<ratain<  "il'^ll^NjO,. 80,11,  +  7Aq.  Its  solubility  is  luuch  iorrcased  by 
the  addition  of  a  little  sulphuric  acid,  whereby  the  acid  salt,  t*i«H„N,lV 
8(>,1I,  -|-  7-^<l-i  ><>  formed.  Solutions  of  qninine  sulphate  exhibit  a  ipl-  uli'l 
blue  Huorescunce.  On  aildiug  to  the  solution  of  a  quinine  salt,  flr«t  ililo-j 
rine-water  and  then  ammonia,  a  fine  gri-en  color  is  produce>l.  lodin 
a<lded  to  a  solution  of  quinine  sulphate,  forms  n  crystalline  sulntanoe  of  I 
brilliant  emcralil  color,  which  appears  to  have  the  comfMWition  !i*-'a,H„N,0« 
311^0,. I,  4~  3Aq.  This  compound,  called  UrrapalhUr ,  after  ita  dlscovererJ 
possesses  the  optical  properties  of  tourmaline. 

Cinohonine  and   quinine   yield    with    methyl    iodide,    the   compound 
C„H,,(CHj)X,01    and   Cj5K,,(CH,)N,0,l,    which   are  converted    by   silva 
oxide   Into  soluble    bases    analogous    to   tetrethyl-ammonium   bydroxidal 
they  are  therefore  tertiary  amines. 

Quinidiiir.  and  CinehoHiilint,  isomeric  respectively  with  qnininv  and  dn 
chonlne,  are  nhtaine<l  from  commeri'ial  q  u  i  n  oi  d  i  n  e ,  a  resinous  produa 
cuuUiULHl  in  the  mother-liquors  of  the  quinine  preparation. 

Quinidine    (or  Clnohinine)  crystallizes  in   large   prisms  modcratelj- 
Boliible  lu  aUiihol,  sparingly  in   ether.     Its  salts  ar«  more  soluble   lb* 
those  of  quinine.     The  solutions   are  stroiij;ly  dextrogyrate.     With  chlo 
rine-waler  and  nmiiioiiia  quiiiidine  reacts  like  quinine. 

Cinchouidine,   occyrring  also  in  the  bark  of  Hiinn  Boyala,  is  vrri 
much  like  I'lnchoiiine.      Its  solutions  are  strongly  levogyrate. 

The  acid  sulphates  of  these  four  liasi^,  heated  first  to  1(H>0,  to  expel  wal<i 
of  crystallization,  mid  then  to  alioot  135°  C.  (2750  F.),  are  couverte<t  in(4 
the   siiliiliates   of  two    amorphous   bases,  quiniciue    and    ci  ii  e  li  on  i  J 
cine,    isomeric    witli    <|iiinlne    and    cinchonine    resjieeti vely ,    . 
C'^II„N,0,,    being    formed    from    quinine    and    quinidine,    cjr> 
C^lljiN/),  from  cinchoninu  and  cinchouidine.     The  solntiuiu  oi    Una  <>f 
tlli-Se  bases  are  feebly  dexlrogynite. 

All  the  four  bases,  when  distilled  with  caustic  potash,  yield  bases  of  tht 
oliiuuUnu  series  (p.  916), 


CASKS    FKOM    VARIOUS    PLANTS. 
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Strychnine,  CjiH^NjO,,  ami  Bmclne,  CjjH^N,0,,  also  called  Slrtfrhnia 
*ii>l  iirucia,  ,irn  CH)iitaiiii'<l,  togillirr  nilh  several  still  iuipiTftftly  kuuwii 
IwLsf*,  ill  .\us  ivmicat  in  .S/.  Jt/uatitts  l>t:ii»,  and  in  J'ttUr.  Amjusturn  tusrk.  To 
prt-pare  theiu,  uux  vomica  seeds  ari<  boiUt)  in  <)iluti<  sulphuric  acid  uutil 
lliuv  IxHiiuir  soft :  they  are  then  tniHluil,  ami  tlie  txpri'SSrti  liijuid  is  inixitl 
»rth  excrua  of  ciUciuui  by<lrate,  wliicli  throws  down  the  alkaloidii.  The 
preripitale  in  boiled  in  spirils  of  wine  of  8p.  gr.  O.SriU,  and  tillered  hot. 
Slrvchnine  «Jid  lirucine  are  then  deposileil  together  in  a  coUirwl  and  im- 
pure ^ilale,  and  may  lie  separated  liy  eohl  aleohol,  in  which  lliu  latter  dis- 
*<ih'e8   readily. 

Pure  »tryelinine  crystalliies  under  favorable  ciroiimstancea  in  small  Imt 
exceedingly  brilliant  octohedral  erystaU,  nliich  are  tninspurent  and  eolnr- 
lr*s.  It  baa  a  very  bitter,  somewhat  nietallir  taste  (1  part  in  l,O0(t,(H)(l,llW) 
parts  of  water  ia  still  perceptible),  is  slightly  wpluble  in  water,  and  fear- 
fully poisonous.  It  dissolves  in  hot  and  somewhat  dihtte  spirit,  bnt  not 
in  aloioliite  alcohol,  ether,  or  solution  of  caustic  alkali.  This  alkaloid  may 
Ih'  readily  identilied  by  moistening  a  crystal  with  cenrentratcd  snipliurio 
»<'|d,  and  adding  to  the  liijuiil  a  crystal  of  jiotassinm  dichromat)',  when  a 
deep  violet  tint  is  prt«luced,  which  disappears  after  wnne  time. 

Strychnine  forms  neutral  crystalline  salts,  containing  one  equivalent  of 
•rill.  The  nitrate,  C,|lL,N/),.NOjI!,  is  sparingly  sfituble  in  wat«r  and  in 
■leuhnl.  I'otassiiim  ttiim'yanate  oidded  to  the  solulious  throws  down  crys- 
talline thiocyanatu  of  strychnine. 

Bruciue,  fi5"j«N,0,,  crystallizes  in  efflorescent  prisms  or  tables  con- 
taining 4II,0,  easily  soluble  in  alcohol,  slightly  in  water,  insoluble  in  ether  ; 
ftlsrt  Very  poisonous.  Strong  sulphuric  acid  colors  the  solutions  red,  and 
on  lidding  stannous  chloride  to  the  red  liquid,  a  violet  preeipitate  is  formed. 
bUODg  sulphuric  sold  dissolves  bruciuu  wilU  reddish  uulur. 


1 

I 

I 


5.    liattt  fr  om  rnri'oin  Plants. 

▼eratiine  or  Veratrla,  C,,Hj,N,0,,  is  obtained  from  the  seeds  of  IVro- 
trum  ^mJhuIiUii,  and  from  the  root  of  V.  athmn.  In  the  ]»ure  state  it  is  a 
white  or  yellowish-white  powder,  w  Inch  has  a  shsr[i  burning  taste,  is  very 
I«iisonous,  and  in  small  quantities  occasions  violent  sneezing.  It  is  in- 
soluble in  water,  but  dissolves  in  hot  alcohol,  in  ether,  and  in  acids  :  the 
solution  has  an  alkaline  reaction. 

J  p  r  V  i  n  e ,  C,,I1,,N,0„  occurring  together  with  verstrino.  In  the  root  of 
Vrralrum  allium,  forms  small  prisms  soluble  in  alcohol.  Its  salts  are  slightly 
soluble  in  water. 

Plperlne,  f"i7H,,J(0„  occurs  in  Pi/ifr  nir/tr  and  other  kinds  of  pi-pper, 
from  which  it  may  be  extrai!l<'d  by  alcohol.  It  crystallizes  in  four-sided 
]>rianis,  melting  at  IdCO,  easily  soluble  in  alcohol  and  ether,  insoluble  in 
water;  dissolves  with  dark-re<l  color  in  strong  sulphuric  acid.  Heated 
ith  soda-lime  it  gives  oflf  pi  peri  dine,  and  by  Iniling  with  aluoholjo 
sh,  it  is  resolved  into  piperidine  and  piperio  acid  (p.  919): 

C„H„NO,    -f     H,0     =    C„H„0,    -I-     C,II„N. 

Piprridine,  C5H|,N  =  C^HkNH,  is  a  liquid  which  boils  at  lOtPC.  (222.80 
F.},  dissolves  easily  in  alcohol  and  ether,  has  a  strong  alkaline  reautiou, 
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und  forma  neutrst  crysUlliiie  salti"  with  1 

miiiii-,  one  of  its  tiydrogi'ti-iiloius  l>Min(t  r. 
iTmliolKS.      Miih^l-iiiprriijiiit,  t'jH,|,N.I'H„  iii'i  . 

Kri<  cM)l<>r\e!t!*  li<|iii>U,  ibit  foruu-r  Luiling  at  11^- 
|«t  2t^  0.  C'^*--*'-'  I''-)-     B"ii»oyl-pipori<lin<-,  C,llj^, 

F>i|H'rine   b    K   (imilar  d«riTatiT«  oooUuniiig  Uie  nulieie  of  pip«nc  *a^1 
Pf.H„..N.C,.ll,lV 

Atropine  nr  Datatine,  C„H„NO„  oooairiog  <n  tbn  ii>mMr  nighUhtM^ 

L(.1/mj»i  liilludimmi)  uikI  iu  tin  i  "Ir  lOuluru 
fliiKi  ill  Hiiii  prisms,  luclliiig  ai  P  K.).  Ii 
Mills,  and  in  siimll  qnantitv' proili,' ■-   .....LiliMii  uf  tl>-   ,-.., ,.,... ..^ 

V,  III)  l>Aryta-wator  or  hydrochloric  vud,  it  U  r«i>oIv<!d  into  ttnpic  lAd  (f- 

913)  and  tropiiiu : 

I  C„UaNO,    4-    H,0    =>    C^„0,    +    C.HuNO. 

Tropins  in  a  BtrnMR  luono-acid  b*M,  crystallixlng  fftim  <<tber  in  I 

int'lliDg  at  (jl<i  C.  (141.80  K.). 

Sinaploe,  C„HgNO„  oc<ur«  in  wliit«  niUDlard  teod  in  thm  torm  of  lki» 

cyaiiali',  which  may  Im»  dissolvt-d   mil   liy   aloobnl.     T'  vtttM 

[from   the  tliiiH-yana1i<  or  other  salt   by  alkalii-A,  r<  )  ui 

f  dccomposcB  on  evapornlioD.     Uy  Iwiling  tli«  HaltAuii.,    .■i^.n,.',.  i„T- uuh 

Ipino  i8  rvtolvvd  intu  choline  (p.  646)  and  iiina)>ic  aotd,  <.\,U,/lt: 

C..1^3^•0.    +     2U,0    =    C,H,»N<),    4-     C„H„0,. 

I  Einapir  arid  ia  hOiaaic,  and  crystallUcs  in  thin  prism*,  •<^>lul)t«  In  IM 
[Water  and  in  alcohol. 

Tli«ri«  are  nnmvrous  other  alkaloTda,  more  or  Ins  Vtioitti,  o«carrtBf  ia 
plants  ;  Ihn  following  short  iiotico  of  a  few  of  tbfm  r  ••  : — 

//ynwynmiW. — A  white,  cryslallicahln  (ulMtaiiu*-,  I:  -mmmm^; 

,  it  occurs  likewise  in  Lkihira  Stramonium. 

Siihininr,  r„ll„NO„(?)- — A  pi-arly,  crystallino  *nh«tano«,  tram  vvlMi 
f  aolnnai-cows  [if ants  -,  rt^olvtMl  hr  Imiling  with  ili!  "'  -  -■•■<--  IntOKloooM  *■! 
►  ai.lniiidinc  :    t'„H;,NO„  +  3U,0  =  .3iVH,,<»,  + 

Afimilmr,  {'^,,NO,. — A  cryntallinv,  very  {ho  kaloSil,  tf^Jtim^ 

nilHiH  AV//»*»//mj». 

lirlfihimw. — A  yellowish,  fusible  aubstanois  from  Umi  a«ed«  tt  MfUmm 
■  ^aitkiuigria. 

kmeiinf. — A  white  and  nnarly  tasteless  powder,  fhm  l| 

Omxrine. — The  arrow-poison  of  Central  Amnrle*. 


Peotoas  Bttbatanoas. 

_     The  pulp  of  fleshy  fruits  In  the  nnripii  •tain   aluo  of  flp*hy  nvibi  an* 
lOllu'r  vcKctahle  orRaiig,  contains  a  xnlititanoe  ■ 
ISnsolable  in  water,  but  under  the  itiflnence  of  .i 
(iaii8fnrini>d  into  a  t>iilnlil«  aubnianre  pectin,   IJ.ti!..  U  \>i(li 
Exi-'ts  In  rifw  fruits  and  iiniiarts  to  their  Jnlcs  the  prnptTly  of  . 
nil..,.  1-    1  ■^ 

I''  ■  ot>t.'«ine<l  by  lioilinK  Ibe  pulp  of  rarret»  or  \xtral\m  » 

►litli'  jcii<i^ir  liell'T.  fron,  i),.-  u,;,,   .,f  rii-.'  i..-.ifv  ''V  nr.-.  i 

^  Ibf  liiiie  with  oxnlii:  n 
Jd,  and  adding  aliioliol,  .' 
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■  •  Jelly.  When  dry  it  forms  an  amorphoaa,  tuteleM  mas*,  solnble 
I  water,  and  precipitated  therefrom  by  alcohol  or  by  basic  acetate  of  lead. 
D  boiling  the  a«iu«)us  solution,  the  pectin  is  converted  into  parapectin  , 
Uicb,  as  well  a&  p*;etin  itself,  is  converted  by  iHiiling  with  dilute  acidH, 
ito  metapeotin,  which  has  an  acid  reaction,  and  in  pr<>cipitute<l  by 
iriam  chloride.  These  three  Bubstances  are  said  to  b«  isomeric,  and  re- 
■KientiHl  by  the  empirical  formula,  C,HjOj. 

Aii-<>rding  t<i  Krfimy,  all  vegetable  tissues  which  oontaiu  peotose  contain 
so  a  ferment  called  pectaae,  similar  in  its  mode  of  action  to  diastaae 
111  einuUin.  It  is  an  amorphous  substance,  which  may  be  precipitated 
^^onhol  from  fresh  carrot-juice.  Under  the  intlucnce  of  this  ferment — 
|B  dilute  caustic  alkalies  at  30^^ — pectin  is  transformed  into  puctosic 
VN,  C„H„0^.3H,0,  and  afterwards  into  pec  tic  acid,  C„H,|,0,,. 
^fi,  which,  by  prolongiHl  Iwiliug  with  water,  is  ctinverted  into  para- 
ei^io   acid,  C,,H,jO„.2H50.     The  final  product  of  the  transfonnation 

peetoas  substances  is  metapeutio  acid,  (',II,gO,.2II,0,  which  reduces 
kaline  copper  solutions,  and  is  resolved  by  alkalies  into  formic  and  pro- 
cateohnio  acids.  The  composition  of  all  these  bodies  is,  however,  very 
leerUia. 


Bile    ConBtituenta, 


1.  BiLiAST  Agips. — Bile,  the  fluid  secretion  of  the  liver,  contains— in 
Itlition  to  fats,  mucous  substanues,  proteids,  urea,  and  choline — the 
idium  salts  of  two  peculiar  acids,  called  glycoeholic  and  tauro- 
holio  :  also  certain  wloring  matters,  and  an  aromatic  aloohol  called 
holcsterin,   already  described  (p.  HSd). 

OlycochoUo  Add,  C^H„NO,. — When  fresh  ox-bile  perfectly  dried  is 
thAUSted  with  cold  abtiolute  alcohol,  and  mixe<l  after  filtration  with  ether, 

first  deposits  a  brownish,  tough,  resinous  mass,  and  after  some  time, 
<>Uate  crvstals,  cimsisting  of  the  glycocholate^  and  taiirocholates  of 
iiiiuin  and  potassium.  On  dissolving  those  salts  in  water  and  adding 
[lut«  »ulph<iri<;  tv'ul,  glycixiholic  acid  separates  after  twenty-four  hours 
I  the  crystalline  state,  while  tuurooholic  acid  remains  dissolved. 

Otyoooh<.lic  acid  crystallizes  in  white  slender  needli-s,  sparingly  soluble 
I  water,  easily  in  alcohol.  It  has  a  faint  acid  reaction  and  bitter-sweet 
late.  It  is  monobasic  ;  its  alkali-salts  are  very  soluble  in  water,  and 
ive  a  yery  sweet  taste.  On  adding  to  glycoeholic  acid  a  solution  of  sugar 
nd  then  strong  sulphuric  acid,  a  purple-red  coloration  is  produced  (I'et- 
mkofer's  bile-reaction). 

Glycoeholic  acid  is  resolved  by  boiling  with  alkalies  into  glycouine  and 
^lio  acid,  C,,II,gO, : 

P         C^U„NO,    +    H,0    =    C,H,(Nn,)0,    -f     C„U„0^. 

Iiolio  acid  crystallizis  In  shininp  r|iia<lratic  octohedrons  containing  2^  mol. 
»ler,  solulde  in  alcohol  and  clher. 

OlycooUolic  acid  is  also  resolve.!  into  glypo«iinoand  clinlic  acid  by  boiling 
ith  acids,  but  the  cholic  acid  is  then  converted,  by  alwlractioii  of  water, 
Ito  dyslysin,  C„I1^0,,  an  amorphous  sulwtance  which  is  reconverted 
IU>  uliolic  acid  by  lioiling  with  alcoholic  jMitash. 

TanrooboUc  Aotd,  Cjtn„NSO„  may  Iw  pr.H-if.itated  by  basic  lead 
jj«»te,  after  the  glycoeholic  acid,  nincas,  and  coloring  matters  have  been 
■|v«d  by  the  neutral  acetate.  It  forms  slender  needles,  having  a 
■^    S3 


■ 
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Rweetish-bitlPj  Iwtc,  uml  cosily  soluble  In  wmrr  »'■  1.     Bj  li 

iiig  with  Wftter  it  is  rt^olvod  into  nbniic  acid  and  t  .  i)S)  . 

C,H„N8<J,    +     H.O    =     C„H.oOj    +    C,U.{ 

the  cholic  ax'id  being,  howerer,  for  tlio  most  p«rt  conti..    .  .  Uj 

tioii  iiitd  d.valvsiiu    Tbe  sama  decotuposition  Ukee  pliu:!?  iu  iho  {tatntifr 
tiuii  of  bill'. 

Pig's  Wle  contaiiiB  two  acirls  analo);oa8  to  thi!  alnre,  »ii.,  hynj 
cljolic  acid,  C'^H^iNO,,  niid  ii  yo  ta  aroehol  I  o  aelJ,  C^l 
wliicli  jirc  nsolTcd  by  iH'i'  I'Mda  into  liy  o«holic  aold.  T 

and  glyixicinfl  or  t.iurinc  ly. 

Goose-bilii  contnliis  n  t-nunar  ;i.  id,  C^H„NSO,,  called  ehrnotaoto- 
I!  h  o  1  i  c  acid,  which  is  rt»olvod  by  allcalixtt  into  t«uriu  aiut  ohrlMoMN 
acid,  C„IJ„U,. 

Li  tliofi'll  ic   acid,  *^,oH^O„  an  acid  nnarly  ri>lat4Hl   to  ll 
acid»,  occurs,  toguthor    with    i'lla(.'lv   acid,   in   OrliMitil    bi-xmrnt 
93()).     It  mav  be  cxtrnclt'd  by  hot  aU<(>h'it,  ant 
melting  at  204°  C.  (Jltfi.'ic  K.);  givrs,  with  m 
phuric  acid,  a  jmrplo-n-d  color,  siiuilor  to  thai  pnMucca  » iiii  ^i/« 
acid. 

Bim  PioMKNTf. — lliliruhin,  r„H,jNj03,  the  principal  ■ 
the  bill!,  forms  iirtrl<-ri>d  prisiiif,  liiholiiblo  iu  walrr,  "i. 
alcohol  and  ctla-r,  cosily  in  chlorofnnii  and  carlwn 
in  alkalies,  foruiiii);  a  ydlowish-rcd  solution,  wl< 
onnljict  with  lln'  air,  yields  a  green  prwipitate  oi  ',., 
Uili/ufiii,  C^II^N.O,,  is  a  dark-green  nia»s,  iusoluble  li. 
fitmi,  eanily  Kulublit  in  aU.-oliol. 

t>n  heating  an  iilkaline  wdution  of  these  blle-pigmenta  wll 
a  green  cob>r  is  priMluc*v.l,  ehiingin;;  to  blue,  violet,  red,  and 
yellow.     This  reaction  servos  for  the  deteotlnn  of  bile. 


Oelatiaoas  Substance*. 

The  >Kine-rsrlilaf;es,  tendons,  couueutive  timuv,  ami  «kln  of  tht 
body  dissolve,  for  the  mo«t  part,  when  liuiled  for  a  Im,-  tini"  wit|| 
yii'ldiuK  a  sulutiou  which  eolidiliea,  on  cooling,  to  n  •• 

mass  chilled   gelatin  ur   glutiti;  the  non-liarl' 
similar  iiuliKtunoe,  caltixl  chondrin 

These  subslaui'cs  ooutaiu  iu  ltX>  parts  : 

C  H 

Gelatin         .         .         .     MM  U.d 

Chundrin      .         .         .41).!  7.1 

Their  molecular  weights  and  stMicturnl  formulat  »r«  unknown. 

Gelatin,  Bone-gelatin,  "r  OlnttD,  pr»<'lpttnt>«l  f)Mm  tl»  a<)aM«n*  t 
tion  by  nli'obul,  luriu*  u  ■         ' 
It   swells   tip  iu  i^oM  u  i 
which  golidilies  to  a  Jells  ,.ii 
quantity  of  nitric  aiM,  or.  b- 

Solutioil     !••>.. -^    \\i,     !in>riiTlv 

the   pbi' 

curio  I'll) 


M 

0' 

1«.3 
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or  by  lead  acetate,  either  neutral  or  basic.  Tannio  acid  throws  down, 
evvn  from  very  dilute  itolutions  uf  gelatiii,  a  tough  yi'llowiih  precipitate, 
eonsisting  of  a  compound  of  the  two  bodies.  The  tissues  which  yield 
giflatin  likewise  nnitu  with  tnunic  acid,  and  withdraw  it  completely  from 
its  solutions,  forming    leather. 

fielatin  lioiled  with  sulphuric  acid  or  with  alkalies  yields  leucine  and 
glyootiur,  together  with  other  products  uf  unknown  constitution.  By 
dnttroctiTe  distillation  it  yields  several  niuinus  helmiging  to  the  fatty  and 
pyridine  series.  By  oxidation  with  Mul),  and  sul|ihuric  acid,  or  with 
chramic  acid,  it  yields  the  same  pro<luets  as  the  proteids. 

Itinijlitia  is  a  vexy  pure  gelatin  obtained  from  the  dried  swimming  bladder 
(if  tlie  atargoon  :  it  dissolves  in  water  merely  warm.  Sizt  is  an  impure 
gelatin,  prepare<l  from  the  clippings  of  hides  and  similar  matters.  Glut 
UUia  same  substance  dried  by  exposing  it  iu  thin  splices  on  nettings  to  a 
enrrvut  of  air. 

Chondria,  obtained  from  the  cartilages  of  the  ribs  and  joints,  is  very 
Dilch  like  gelatin,  but  dilfers  from  it  in  U-iiig  precipifnttil  from  its  a<iue- 
Otts  iolution  by  a,.etie  acid,  aluiu,  lead  acetate,  and  other  metallic  salts, 
bnt  not  by  mercuric  chloride.  Its  prudiiols  of  ileoompositiou  are,  for  the 
DHMt  part,  the  same  as  those  of  gelatin  ;  with  sulphuric  aeid,  however,  it 
p«ld«  nu  glycooine,  but  only  leucine.  When  boiled  wit]i  hydrochloric 
asid  it  j-ielila  glucose. 

SUk-gelatln  or  Serloln,  C,  Jl^N^n,,  is  extracted  from  silk  by  Imiling 
with  water,  and  precipilateii  by  nletiliii!  as  nil  aumrphous  powder.  It 
fwell.'i  up  in  water,  disaolvi'S  on  boiliug,  ami  soliilifies  to  n  jelly  ;  is  preci- 
pilAted  by  potassium  ferrocyanide,  litisic  lend  acetate,  and  several  other 
mrtallic  salts.  By  Ixiiling  with  sulphuric  acid  it  yields  louoine,  tyrosine, 
au'l  amidoglyceric  acid  or  serine  (p,  7&7), 


K: 


Fibroin,  CuHj,N,0„  the  chief  constituent  of  silk  (about  CO  per  cent.), 
obtained  by  repeatedly  digesting  silk  with  water  nt  13(^3  f.  (2Cti'J  F,), 
1  exhausting  the  ri>iil<tue  with  alcohol  and  ether:  it  then  remains  as  a 
-•bite  shining  mass.  It  dissolves  in  strong  sulphuric  aeid  and  iu  alkalioa, 
and  is  preeiiiituleil  on  saturating  the  solutions.  When  boiled  with  sul- 
phuriu  aeid  it  yields  leucine,  tyro&ine,  and  glyccoiue. 


I 


ProteldB  or  Albuminoids, 

Thi^e  snlBtancM  form  the  chief  part  of  the  solid  constituents  of  the 
IiIcmmI,  museh^,  nerves,  gland.s,  and  other  organs  of  animals  ;  they  occur 
niao  in  small  quantities  in  almost  every  part  of  vegetables,  and  in  larger 
quantities  in  the  seeds.  They  are  formed  exclusively  in  plants,  anil 
uu'leri;o  but  little  alteration  when  consumed  as  food  and  assimilated  by 
anlntals. 

The  several  bodies  of  this  pI.tss  resemble  one  another  closely  in  their 
pni(>ertie«.  and  more  es])i'cially  in  their  percentage  composition,  which  is 
oompriSLvl  between  the  following  limits  : 

Carbon , 

Hydrogen 

Nitrogen 

Oxygen           .         .         .         .         , 
Sulphur 


I 
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Lililr  tn»H-lL»lii»:i 


ILnlwlU 


pbiaplMifiiJ,  ImU  apfiarmi 
phmylirtr.    TkelriBol 
b«t  recrtit  iHrretSipitin 
•UcAta  a- 
enrdiaf 

solpkoxic  Oiilil,  0.- 
•UanoB*  cMoriiU, 
(p.  7W),  l«««iiM.  : 
as  tontd  lir  Uic 
watw.  ScUatiotj' 
(wIh«tV 
Uia  awu 

aaoAionia  a2ul  carl» 
erairvd  ia  tha  naolutivii  ..T  nr.j  ini<>  ::.Mi,  ir.  i  «  i.i^.  ini«r«iiaa 
sbrav  that  albamiB  is  a  com|>lpx  Dr<riil«<,  euBUInln^  ooe-linii  af  Ua 
ia  Um  fanaef  nivt. 

Plvtaida  are  !■«• 
S.  Bj  fwtaMittin  r 
3.  B.r  aeode  ■ 
of  OMiual  B»i  ' 

^  WhcA  boilui  itilii  luriiLiric  n:r 
dapaait  which  tana  rod  ultfr  a  w). 
tag  fad.     Thejr  nX»l«  Uie  piime  ot  (>-<iaruaiMit  umrf  ur  livu  u 


<  -  ^ant 

1   ia   to  bx 

wham  hutl* 

.i<.'ii4,  and  a  ciaaU  ttuaatilir  J 

••partie  acid,  ghitaau*  mU 

'  -  -r,  UMrdnm,  ba  r^tcM 

■■a,  with  cUmifHtfaa  «( 

li  borrla-tmcr  to  IX 

IS  aiuntoBia),  obtaincid  ■MMUtalif 


4:   I.   By- exc«9(  of  Biawil  a^4i. 

>  afid  or  a  Uttla  hrilrncblaH*  ao^ 

t>l<<  quaiilttj'of  eoaodauatsl 


IVolaU*  na>/  b*  conTcnieatlr  diritled  into  tbo  tolloirUiK 
Class  L  Aisratva Solnbl«  is  water. 


I.  Banun  Altmmla  is  tha  nart  thaaiaaH  albomlaaoa  ■•jlituacv  la 
aaixaxl  lK>.tJ<t!>.  It  >%.ii  hv  •il>tiln>-4l  tutirit'Ir  txiri' r.'iiia  iiliiol-atviiai  kf 
pT'  iiB^  tha  pr»- 

theob/ 

Sarsm  b! 

patfacal^ 
and  |nv' 
iato  ood. 
It  ia  qo! 

large  qoAnliiiea  of  aiciil  proa{>iUlo  tt  ui  ,  utlria 


2.    Bgg  Albmnin  dtffen  (yoia  arrma  albatnin  hr  frailBal]^ 

pr*cipit  ••  '                   i   -  ..     ..    .        '    '  rnrpwntino  aluo 

^ram  a:  \o  add,  irtillat 

JstiiAii  J :     .  :<ja of (■(( alliwaUn ia 

tor  ill. 

i  '1  nt*tti»  comlaloed  in  tolutioii  In  tha  jrolk  of  t%g  te  a 
of  alliuuitu  and  casnis. 
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^^m_  3.  Plant  Albnmln  oemrs  in  nearly  all  vegetable  juices,  especially  in 
^^fautos  and  111  Hlu^at-llour.  It  ooagulalos  by  heat,  and  bears  a  close  re- 
BVimtlauoe  to  egg  albomin. 

t  Culm  II.  Globdliks. — Insoluble  in  water,  solo ble  in  very  dilute 
■cida  anil  alkalies,  soluhlo  iu  dilute*  (1  per  cent.)  solutions  of  sodium  clilo- 
ride  and  other  neutral  salts. 

1.  Myosin.— This  snbatanco  was  first  S(iparftto<l  by  Kfllino  from  other 
albnniinous  matters  occurring  in  tin-  prolophiama  or  eontrttclile  muscular 
SOtisUnce  that  causes  the  rigor  mortis.  To  prupare  it,  wi'U  cat-up  flesli  is 
oarefnlly  washwl  with  water,  and  the  mass  is  then  placod  in  a  mixture  of 
one  volume  of  ooncvntratiil  solution  of  common  salt  to  two  volumes  of 
water;  these  are  contiuually  rubbed  togetUur  and  lilt.'retl  llirough  linen; 
the  slimy  tlltrato  is  allowed  to  drop  into  a  largo  quuulity  of  distilleil  water. 
The  myosin  is  redissolved  in  solution  of  sodium  chloride,  and  reprecipitatod 
by  much  water.  It  is  insoluble  in  water,  soluble  in  solution  of  common 
■alt  under  lOO  C,  (5UO  !■".),  soluble  in  very  dilute  hydrochloric  acid,  but 
in  this  solution  it  passes  by  degrees  into  acid  albumin  or  syntonin ;  iu 
dilute  alkali,  myosin,  like  other  albuminous  matters,  is  soluble,  Iw'tiig 
change<l  into  albuminate.  By  heat  it  is  changed  into  coagulated  albumin. 
It  is  also  coagulated  by  alcohol. 

2.  Olobnlln  (Ihraglabuliu,  Ihrajlubiu) . — When  fresh  blood^sernm  is 
dilated  tenfold  with  water,  and  a  brisk  stream  of  carbonic  acid  passed 
throngh  it,  a  flue  granular  precipitate  is  formed,  which  maybe  separated 
by  decantation  and  filtration,  and  washed  with  water.  The  same  substauoe 
may  bo  prepared  by  saturating  blood-serum  with  sodium  chloride  (or  mag- 
neiium  sulphate,  etc.),  as  in  the  case  of  myosin.  A  certain  amount  of 
the  salt  always  clings  to  the  precipitate. 

Ulobulin  is  exceedingly  soluble  in  dilute  saline  solutions  (from  which  it 
may  Iw  precipitatwl  unchangod  by  carbonic  acid  gas  or  rjettetlinyly  dilute 
acids).  It  is  insoluble  in  water,  but  dissolves  when  the  water  is  saturated 
with  oxygen,  and  may  be  precipitate<l  by  carbonic  acid. 

In  excessively  dilute  alkalies  globulin  dissolves  without  alteration  ;  in 
solutions  containing  alxmt  1  per  cent,  of  the  alkali,  it  dissolvi^  as  albu- 
minate. By  dilate  aci<ls,  however  feeble,  it  is  chanj;ed  in  solution  into 
■eid  albumin.  Suspended  in  water  and  healed  to  7(.>C  C.  (15SO  P.),  it 
eul<-ra  into  the  insoluble  or  coagulate*!  f  Lite. 

Globulin  is  present,  not  only  iu  serum  of  blood,  but  also  in  aqueous 
humor,  in  the  juice  of  the  cornea,  connective  tissue,  etc.  Derived  from 
the  first  of  these  sources,  globulin  is  f  ibrinopl  ast  i  o,  1. 1".,  it  has  the 
powirr  of  acting  in  ctmcert  with  certain  fluids  (fihrinogenous)  in  such  s 
manner  as  to  give  rise  to  fibrin  (p.  yOl).  The  crystalline  lens  contains  a 
substance  which  is  not  flbrinopbuitic,  but  in  many  other  respects  closely 
resembles  the  globulin  just  described. 

3.  Fibrinogen. — When  hydrocele  fluid,  pericardial  fluid,  or  any  other 
fluid  cajialile  of  giving  a  clot  with  blood-serum  or  par.-iglobulin,  is  trcattKl 
by  the  method  adojitrd  for  globulin,  a  similar  substance  is  produced  which 
resembles  globulin  iu  every  rcnpcct,  except  that  the  carlwnic  aciil  precipi- 
tate is  more  diflicult  to  obtain  aud  mure  flaky,  and  that  the  sutwtanee  is 
nfire  readily  thriiwn  down  from  the  lii^uids  in  which  it  is  formed,  by  a 
mixture  of  alcohol  and  ether  ;  also  by  the  fact  that  it  is  flbrinogenous,  i,  e., 
produces  fibrin  when  mixed  with  Ubrinoplostio  globulin. 

Class  III.  DsRivED  AtBuvins. — Insoluble  In  water,  and  in  solu- 
tions of  sodium  chloride  ;  soluble  in  dilute  acids  and  alkalies. 
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PRUTEIDS. 

1.  Acld-albnmln. — If  a  small  quantity  of  dilute  acid  (hydroehlmtew  ' 
acetic)  Ik-  aililixl  to  Kt^riiin-  or  cgg-albuiniD,  do  precipitalioo  or  cosgnUtita 
tal(>»  plats-,  ami  on  grailually  raising  the  temjMjralure  of  tbe  mixturt  to 
71)*^  C.  (IStP  F.),  it  will  be  fonud  that  coagulation  at  that  or  at  a  hijbrt 
tvmpvraturu  han  been  uutiroly  prevented.  At  the  aaiue  tiuir,  tki'  ia- 
ilueuw  of  the  fluid  im  {Kilarizod  light  haa  been  altered.  The  rotatios  It  j 
the  left  has  beeoine  increased  to  "'JO. 

tin  cai-elully  neutralizing  the  uooled  mixture,  the  whole  of  the  pmlxii) 
mattvr  is  thrown  down  as  a  whit«,  flooauleut,  frequently  gelatinous  )>it- 
cipilatu.  The  action  of  the  acid  has  converted  the  albumin  soluble  in 
water  into  a  subslancm  insoluble  in  water.  The  preripitate  is  Tery  readily 
soluble  in  excess  of  the  alkali  used  for  neutralization,  may  l>e  rrjiretipiuud 
by  ag.'iin  neutralixiug  with  an  avid,  again  redisholvnl  by  exivss,  an<l  ft 
on.  It  is  also  soluble  in  dilute  solutions  of  alkaline  carbonates.  It  is 
insoluble  in  scHlium  chloride  solution,  and  may  be  precipitated  ftuu^  ii- 
'-solutions  by  the  aildiliuu  of  that  salt.  Suspended  in  water  and  hr»u-<l 
to  VilO  C.  (1580  F.),  it  enters  into  the   coagulated  or  insoluble  cnnditioii. 

All  the  globulins  of  Class  II.  are  reutlily  soluble  in  dilute  acids  ;  but  Ij 
the  act  of  solution  they  are  at  one*  converte<l  into  acid-albumin,  the  pn- 
oipitate  formed  by  neutralization  being  no  longer  soluble  in  neutral  txhut 
solutions. 


2.   Alkall-albamln  or  Albuminate.     Caaein. — When  alHtminnu  . 
labstances,  egg-  or  serum-albumin,  for   example,  are   treated  with  diltilM 
caustic  alkali  instead  of  acid,  coagulation  by  heat  is  similarly  preventttl,^ 
and  the  whole  of  the  proteid  may  in  like  manner  be  thrown  down  on  ni'U- 
tralizalion.     Some  of  the    bodies  thus  produced  agree  well  together,  and 
cannot  be  distinguished  from  the  casein  of  milk,  although  most  pre)  :.l'1y 
cAsein  is  not  identical  with  artificial  nlbuminate,  and  the  bodies  nlii<  1.  .;t  - 
produced  by  the  action  nf  potash  on  different  albuminous  sul«Lanc<v  uiay 
ililfer  slightly  one  from  the  nther,  as  is  evident  in  tlie  dilTereiiice  of  thM'~ 
rotatory  action  on  polarized  light. 

Casein  occurs  most  plentifully  in  the  milk  of  animal  feeders,  and  is  Ul 
obtained  from  milk  by  precipitating  with  crystalline  m.ipnei^iiim  sul|ihal« 
flll<  ring  and  wa.shing  with  a  ooneentratcd  solution  of  salt,  then  dissolrin 
the  precipitate  in  water ;  the  butter  is  filtered  olf,  aud  the  clear  Miluliu 
precipitated  by  dilute  ai'*tic  acid. 

Dried  c.-isein  and  albuminate  are  yellow,  transparent,  and  bygroscopk 
swelling  up  in  water,  but  not  dissolving.  When  precipitated  in  a  <lo  * 
state,  they  dissolve  easily  in  water  if  it  contains  a  little  alkali.  Tim  pn 
oipitate  which  forms  on  neutralizing  the  alkaline  solution,  dissolves  euiil 
in  an  excess  of  acetic  acid  or  dilute  hydrodilorio  acid.  l)n  the  addition  < 
an  excess  of  mineral  aoid,  or  on  neutraliiation  with  an  alkali,  thesv  sola 
tions  give  a  precipitate. 

The  neutral  or  feebly  alkaline  albuminate,  and  casein  in  alkaline  tcAt 
lion,  am  precipitated  in  the  cold  by  alcohol:   when  hot  they  are  di&solro 
By  fusion  with  potassium  hydrate,  casein  yields  valeric  aud  butyric  acid 
Ix-siJes  other  products. 

The   most  striking  property  of  casein   is   its  coagulability  by  certail 
animal  membranes,  as  is  seen  in  the  process  of  cheese-making,  in  prepa 
ing  the  curd,  the  coagulation  being  effeottid  hy  an  infusion  of  the  a(oa 
of  the  calf  called  rennet. 

Plant-casaln,  or  Legnmin,  is  found  chiefly  in  the  aeeds  of  leg. 
minouB  ft'uits,  from  the  Juice  of  which  it  may  be  precipitated  by  aceti 
acid  or  by  rennet, 
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Clam  IV. — ^Fibrin. — Insoluble  in  water  ;  sparingly  golnble  in  dilate 
adtU  and  alkalies,  and  in  neutral  saline  solutions. 

This  is  tlie  8ulistan(v  t<i  vliiili  the  dotting  of  Mood  is  due.  It  may  be 
tbtaiood  Iiy  wasbing  bliKul-cIols,  or  more  nwlily  hy. stirring  with  a  bundle 
tt  twigs,  blixKl  just  shed,  U'fore  it  has  h»d  timotu  clot.  The  fibrin,  wliich 
adhere*  in  layers  to  the  twi^is,  may  then  be  strii.ped  off  ami  wa-iiied  till 
perfwtly  while.  The  fornialion  of  fibrin  is  due  to  llie  rontact  of  fibriuo- 
plastic  and  fibrinogenous  substance,  Wben  (liesc  two  substaiieiti  (wme  into 
eontai.t  in  any  Uuid,  they  combine,  qiiifkly  or  slowly,  ac<M>rdinp  to  the 
irwkter  or  lesser  quantity  of  each  subatanoe  in  tlie  fluid,  to  form  fibrin. 

Fibrin  dilfers  from  all  other  solid  protcids  in  having  a  lilnnienlous  slruc- 
tlira,  and  in  possessing  remarkable  elasticity.  It  is  iusoluble  in  water, 
dQuto  hydro<'lilorie  acid,  and  aqueous  sodium  chloride,  but  dissolves  at 
40O  c.  (I040  K.)  in  aqueous  potussiuui  nitrate. 

Plant-fibrin  occurs  as  an  insoluble  substance  in  plants,  especially 
in  tlic  S'<»'da  of  c<ireal  grasses.  When  wheut-tlour  is  stirrwl  up  to  a  paste 
with  water,  and  knrail>-d  for  some  time,  the  starch  granule*  and  solulde 
albumin  are  removeil,  and  there  remains  a  tenacious  maas  called  gluten  ; 
and  by  Iwiling  this  sulistaneu  with  dilute  altxihol  to  remove  vegetable 
gvlatin  (gUiten)  and  extracting  the  fats  with  ether,  the  plant-fibrin  is 
obtained  in  the  form  of  a  grayish-white,  toagh,  elastic  ma.ss.  It  diss<dveg 
in  rery  dilute  hydrnoliloric  acid,  and  in  dilute  alkalies,  and  is  precipitated 
fniin  these  solutions  by  ueutral  salts,  and  by  acetic  acid.  By  boiling  with 
dilute  sulphuric  ucid,  plaut-llliriu  is  resolved  into  leucine,  tyrosine,  and 
gintantic  arid. 

Clas.h  V.  Coagulated  Proteld. — Coagiilat(>d  albumin  is  formed  from 
albumin,  syntuniu,  fibrin,  myosin,  etc.,  by  healing  their  nimtral  solutions 
|o  boiling,  or  by  the  action  of  alcohol.  Egg  albumin  is  also  changed  into 
■■JKnlBt4<d  albumin  by  strung  hydrochloric  acid  unci  by  ether.  The  albu- 
PlPutea,  and  also  casein,  when  precipitated  by  neutralization,  pass  into 
ermgnlaled  albumin  when  heate<l.  The  coagulated  albuminous  substani-eg 
are  insoluble  in  water,  alcohol,  and  other  indilb-rent  Uuids,  scarcely  solu- 
ble in  dilute  potash,  soluble  with  great  dilficulty  in  ammonia.  In  acetic 
acid  they  swell  up,  and  gradually  dissolve.  They  are  mostly  insoluble  in 
dilute  hydrochloric  aeid  ;  but  when  (H^psin  is  also  present  at  blood  beat, 
they  change  first  into  syutonin,  and  tlieti  into  peptone.  They  are  dis- 
colvoi  by  strong  hydrochloric  acid,  and  by  caustic  potash  they  are  changed 
iotn  allmminaU-s. 

Ctasa  VI.  Peptones.— By  the  action  of  the  acid  gastric  jnic/>,  all  albu- 
minous sulwtanct-s  are  changed  into  iKKlies  trailed  peptones.  These  are 
found  only  in  the  stomach  and  in  the  cvntenls  of  the  small  intestine*. 
Tliey  can  no  longer  he  detected  in  the  ehyle.  Thoy  are  highly  ditTusible, 
easily  soluble  in  water,  insoluble  in  alclKi!  or  other  ;  but  aUvdioI  separates 
them  with  difficulty  from  the  watery  solution ;  when  precipitated  tliey 
remain  unchang.^1  even  after  boiling.  They  are  not  precipitatnl  either 
by  acids  or  by  alkalii-s.  Acetic  aeid  and  potassium  ferrocyanide  give  no 
precipitate  ;  but  corrosive  sublimate  and  lead  acetate  with  ammonia  give 
precipitates. 

TUe  reavtions  of  the  several  proteids  abore  deioribed  may  be  tabulated 
■a  fbllows : — 

Soluble  in  water : 

Aqueous  solutions  not  roagnlated  by  Ixiiling        .         .     Psrroinw. 
Aqueous  solution.i  uoagulated  by  boiling  .         .     Alhuiiimb. 

Insoluble  in  water : 
Soluble  in  a  I  p.  c.  (olution  of  aodiiun  cbtoriile  .        .    ()\A«cu.'»'Kfc. 
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Insoluble : 

Soluble  in  hydrochloric  acid  (0.1  p.  e.)  In  Ut«  otAA  ; 

Soluble  in  hot  spirit         .         . 


I  Atjuu- 
'      Auarm. 
'  Acr»- 


Iiisnlable  iu  hot  Biiirit      .....  ' 

Insolnblo  iu  UvJfiX'bloric  acid  (0.1  p.  c.)  in  the  oolil  ; 
ijolubli!  in  hydrovUloric  avid  (U.l  p.  c.)  at  UCiO,         .     Pnom. 
lusuluble  iu  hydrochloric  [acid  (U.l   p.  c.)  at  tVO  ;  I  CtiAuruTu 
iusolable  iu  strong  acids  ;  Bolublu  in  gwtrio  joioe  (     AUnrarv 


K 


I 


Subttanets  rttattd  to  lM»  nmeidM. 

Heemoglobin,  r.4.2  oxygen,  7.2  h"-  '■  ;"  ' 

21. ii  ox.vi;iii,  mid  0.7  sulphur;  also  • 

iiillm. — Tliis  sulwtanee  forms   the  i-l;.   ;    ^....    

blood  of  vertebrata ;  usually  it  is  obtatnird   in  an   m 
but  from  the  blood  of  some  animal.^ — as,  for  i'X.iiiij 

io«,  and  many  fish — it  can  be  separatixl  in  lh«  cr^ 
irystals  can  lie  obtaiDixi  from  dog's  blood  by  mixing  'i 

ith  nn  equal  quantity  of  water,  .'ulding  1  volim 
of  the  diluted  tilootl,  and  leaving  it  at  r«t  at  I' 

the  hcmogloliin  separates  iu  small  violet-red  rleui >..<  !> 

drying  over  Kiilphurie  acid  it  forms  a  brick-red   powder. 

oold  water,  fonuing  a  ri-d    solution,  from  w  hi  eh  it   is  pret  ,.  ...    .  ., 

orrstalline  form   by  aloohol.     At  ordinary  teupersUirea  the  lulauimd*- 
oomiMWes  and  turns  brown. 

The  aqueous  solution  of  haemoglobin  (or  of  blnml)  exhibits  in  its  (pK- 
trum  two  absorption-bauds  «itnated  between  the  Krauenhofer  liont  D 
£  (in  the  yellow  and  green). 

Hemoglobin  unites  with  certain  gases  forming  pMutiar  unalaUa  i 

pounds.     The  solution  containing  oxygi-n   !■--■! '     -i    -     .>-. 

tion  free  from   oxygen   is  dark   purph- (?■ 

absorption-bauds  are  exhibite<l  only  by  tip  ^  ;  t»)« 

monoxide  displaces  the  oxygen,  and   forms  with  the  bai 

pound  which,  on  addition  of  alecdiol,  separate*  in    bluisli 

appears  to  b«  the  cause  of  the  deleteriooi  action  of  carbon  tuuauxlibi 

animals. 

Oxygenated  hiemnglobln  is  resolved  by  dlltiti-  acids  or  nil. 
roteids,  fnltyaeids,  nnii  a  coloring  matter  railed  liemati  - 
ry  state  is  a  dark  blue  powder.     It   contains  '•>  per  cent,  ui   .>»..,  _«.i  .^ 
|Hiar»  to  liftr..  the  i\iui|msilioU  <'j,n„}"'eN,t)j  . 

When  h.Timiglnliiii   (or   bli«Kl)  in   warmed   wltli  StMin:    .v.'lU'  fcrvj  Uii 

ilutiun  of  common  salt,  a  substance  called   lii*niin  'li>«' 

h-red  microscopic  rhombic  crystals,  thi>  formation  '  »  • 

luticato  indication  of  the  prosence  of  blood. 

Related  to  the  proteiils  are  aluo  many   ferm.Mii^ 
lyiinptn^c,  iH'i'urriniL'  in  nliiioMiis  ;    iliu*tafii    (p.'' 

Jom  Vi'gelalile  fibrin  in  the  gonniuatjon  of  - '•     >"■< 

property  of  ■'nnviTling  starch  and  dexf 
iii-lnnl  -.'.yls    (p.  5-17);     ptynlln,    the    i 

'  ireh  Into  di'Xiriii  and  sugar;    pi'ii'iti,    v 
ft  ".  and  iiosansseM  the  power,  in  o^njunelji  .. 

a>i  1,  i.i  .iissolrijig  Uie  iusolotdo  protcid*  and  ooavartUi^  Lh<rm  inai  p»p- , 
(utica. 
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Mucin  is  the  chief  constituent  of  animal  mucus,  and  is  precipitated 
ij  nloohol  and  dilute  acetiu  acid. 

The  huruy  gubslanues  of  horns,  nails,  hoofs,  hairs,  feathers,  and 
tliK  ••pideriuis,  are  also  nearly  related  to  the  proteids,  liaviiiK  indeed  the 
uuie  oumpusition,  except  that  they  contain  more  sulphur  (^5  p.  c). 
They  dissolve  easily  in  alkalies,  with  fonnation  of  sulphides.  Nitric 
acid  turns  them  yellow.  Boiled  with  dilute  sulphuric  acid  they  yield 
leucine  and  tyrosine. 


I 


r. 


Brain  ConstittientB. 

When  brain  or  spinal  marrow  is  Jioilod  with  water,  rreatinn,  inosite, 
lactic  acid,  uric  Jiciil,  and  other  subatauoes,  it  dissoKva,  and  from  the  resi- 
due ether  extract*  fats,  ehiitesterin  (p.  886),  ccrelirin,  and  lecithin.  On 
nioling  the  solution,  the  two  InLtrr  sulwtnnces  are  Srat  dejKisilfd,  and  may 
Ik-  ncpBrat<>d  by  cold  ether,  which  dissolves  only  the  lecithiu.  The  80- 
ittlltnl  proiiiffon  is  3  mixture  of  cerebriu  and  lecithin. 

Cerebrin  or  Cerebrlc  Acid,  C|,H„NOj,  is  a  light  amorphons  powder, 
without  liiale  or  suicll ;  swells  up  like  starch  wlien  lioile<l  with  water,  and 
is  oonrerted  by  boiling  with  dilute  acids  into  a  saccharine  substance,  and 
"  er  producta. 


laecIthiD,  C„H„NPO„  is  widely  diffused  in  the  animal  organism,  occur- 
rjni;  I'speciiilly  in  the  brain  nerv<*s, yolk  of  Cfjgs,  blond-i'orpu.siles,  etc.  It  is 
best  prepared  by  exhausting  egg-yolk  with  a  mixture  of  nlrohul  aud  ether, 
evaporating  the  other,  adding  an  akoliiilic  solution  of  platinio  chloride, 
decomposing  the  yellow  platiuocbloride,  (C,jll„NPO,Cl}j.PtL,'lj,  with  hy- 
drogen sulphide,  and  evn]«>rating  the  llltrnto. 

Lecithin  is  a  waxy,  indistinctly  crvKlalline  mass,  which  dissolves  in 
alcohol  and  ether,  aud  swells  U]>  in  water,  funning  an  opalescent  solution 
or  emulsion,  from  which  it  is  preci[iitat<Hl  by  various  salts  of  the  alkali- 
metals.      It  unitra  both  with  biuses  and  with  acids. 

U.v  tmiling  with  aeiils,  or  with  hnryta-wati-r,  lecithin  is  resolved  into 
sholine,  glyueropbosphoric  acid,  palmitic  acid,  and  oleio  aoid. 
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i              HYDROMETER  TABLES. 

I 

ooirABisoa   or  th>  diqbbks  or  baumk'h   htdrometeb 

WITH    THE   BBAt             ■ 
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srKCll'IO    OHAVITIKS. 
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1,  Far  Liquidt  htttvirr  than  Wattr. 

■ 
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2fi 

l-20ti 

62 
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27 
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6S 
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28 
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64 
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m* 

1  fUO 

29 
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66 
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an 
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66 
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5 
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»l 
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57 
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6 
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32 
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58 
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7 
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33 
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59 
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34 
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60 
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85 
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62 
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80 
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40 
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li> 

llOIl 

41 

1-309 

67 
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IS 
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68 

1-809 

17 

112(1 

43 

]-8»5 

69 

1-881 

18 

1134 

44 
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70 

1-854 

10 

1143 

45 
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71 
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HBV 
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4(J 

1-434 

72 
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^^n 
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47 
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78 

1-944 

^E 1 
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48 
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74 
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Vv 

M78 
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1  -974 
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2,  BaunWi  Sgdromsttr  for  Lfqvidi  liffhtef  tktm  Waltr. 


Dtgrttn. 

Un-rttf. 

Otfmt. 

©•ISfW* 

10 

1-000 

27 

0-EKW 

44 

0*811 

11 

0-993 

28 

0-890 

46 

0-807 

12 

0-986 

29 

0-W4.J 

4fl 

OWi 

i:i 

0-5180 

30 

0-680 

47 

0-7W 

14 

0-978 

SI 

O-g-4 

48 

0-794 

15 

0-967 

32 

0-S60 

40 

O-TBB 

16 

0-860 

33 

0-6<H 

50 

o-;m 

17 

0-354 

94 

0-869 

51 

0781 

18 

0-948 

8S 

0854 

62 

0-777 

in 

0-H42 

m 

0-840 

63 

«7:3 

20 

0-930 

37 

0-844 

64 

0--fl» 

21 

0-930 

38 

0-8S0 

66 

0764 

2"' 

0-924 

39 

0-834 

fiO 

0760 

23 

0918 

40 

0-830 

67 

0-7fi( 

24 

0-913 

41 

0-826 

68 

07r.a 

26 

0-W7 

42 

0-820 

69 

0749 

:20 

0-ltOl 

43 

0'81ti 

60 

0746 

Theae  ln-o  tables  are  on  the  authority  of  FmnctEiir  ;  thvf  «ro  t«\cn  frtm 
the  ttan'hcoFlerhuch  dtr  Chrmir  of  Liohig,  Poggptidorff,  and  Wiiiilpr.  BtntL^'i 
hyilromelpr  is  very  commonly  used  on  the  nonlinent,  capi-cially  for  liquid* 
heavier  <h»n  water.  For  lighter  lir|uids  the  hydrometer  of  Carlier  i*  oOri 
empioycil  in  France.     Cartier'silfprfies  differ  but  liiile  from  thoar  of  Itenai. 

(n  the  United  Kin^doui,  Twaddeil'i  hydrnmeter  h  »  good  deal  uxd  for 
dense  liquids.  This  instrumenl  is  so  grsdtuiletl  ibat  the  real  epecifSr  par- 
ity can  be  deduced  by  so  eitrcmcly  simple  method  from  the  depree  ot  ih* 
hydrometer;  namely,  by  multiplyinjf  the  latter  by  6.  and  adding  1000;  ik« 
sum  is  (he  »pecifio  gravity,  water  bcinp  ]0(KI.  Thus  10^  Twaddle  iudloiitt 
a  specific  Kraviiy  of  lOijO,  or  1 -f (3 ;   W  Twaddoll,  1460,  or  1-45, 

In  the  Cuslonia  aod  Excise,  Sikc^'g  liydronieler  is  uaed. 
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TABLE  III. 


^BSTBACT  OP  RbRXADLT'S  TABLE  OP  THK  UAZIliDK  TEKSIGN    OP   WATEB-TAPOB, 
AT  UIPPERHKT  TBHPERATDIiEB,  BXPHBUSBD  IK  MIU4HBTSKa  OF  HKHUVRY. 


Temperature. 

1    Tension, 
,mlUlBi«tera. 

Temperature. 

TenilDn, 
mllUmeten. 

—  :J20  C. 

—  25.«0  F. 

0.320 

lOOOC. 

2120  p. 

760.000 

30 

22.0 

0.386 

105 

221 

906.410 

as 

13.0  ■ 

0.005 

110 

230 

1075.370 

30 

4.0 

0.927 

115 

239 

1269.410 

15 

+     3.0 

1.400 

120 

248 

14!H.280 

10 

14.0 

2.0!(3 

125 

257 

1743.H80 

5 

23.0 

3.113 

130 

266 

21P30.280 

0 

32.0 

4.t!00    1 

135 

275 

2353.730 

+    5 

41.0 

6.534 

140 

284 

2717.630 

10 

50.0 

H.165 

145 

21)3 

3125.55 

15 

59.0 

13.6!)!) 

150 

302 

3581.23 

20 

68.0 

17.391    . 

155 

311 

4088.56 

25 

77.0 

23.550 

160 

320 

4651.02 

30 

80.0 

31.548 

165 

329 

5274.54 

35 

95.0 

41.S27 

170 

338 

&961.66 

40 

104.0 

54.!)06 

175 

347 

6717.43 

45 

113.0 

71.3!»1    1 

180 

358 

7546.39 

50 

122.0 

91.982 

185 

365 

8453.23 

55 

131.0 

117.478 

190 

374 

9442.70 

6(» 

140.0 

148.701 

195 

383 

10519.63 

65 

Uil.O 

186.945 

200 

392 

11688.98 

70 

l.'iS.O 

233.093    1 

205 

401 

1 29.55.66 

75 

167.0 

288.517 

210 

411) 

14.t24.80 

80 

176.0 

3,'»4.643 

215 

41!) 

15801.33 

85 

18.1.0 

433.041 

220 

428 

17390.36 

00 

liH.O 

525.450 

225 

437 

19097.04 

lt5 

203.0 

633.778 

230 

446 

20926.40 

I 
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"WETGHTS   AND    MEA30EES. 


4800  ftraina  Trny  =  ]  oi,  Troy. 

437-5  '*  ^^  1  01.  Aroirinptids, 

7000-0  "  =  1  lb.  Avoirdapoids. 

6700-0  "  =1  lb.  Trey. 


1  gallon  contains  of  water  at  60°  {IS°-SC)  TO.OdO-    gnk 

(j,  of  gilllon) ft,T50-        " 

xus  duid-ounce  (J^  of  pint} 437-6      " 

The  pint  equals  84-66  cubic  inches. 


rh«  Pren:h  kilogramme  =  15,4.33-6  grains,  or  2-679  lb.  Troy.ot 

2-205  lb.  avoirdupoida. 

The  grammme       =  15-4336  grains. 

"    decigramme    =•■    1-6434       " 

"    centigramme  =    0-1648       " 

''    milligramme  =    0  0154       " 


TTie  milre  of  France  =  89-37  inches. 
"    derimitre               =    8-937         " 
"    centimiire             =    0-894         « 
"     milUfitilre             =    0  0394        •• 
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1 

1         roB 

COHVBRTIXO    PEOBKES    OF    THE    CESTIOBADl    TBEBMOMITia    INTO 

1 

1 

l>K(iaKK8    or   rAllUEKUEIT'l)   8CALB. 
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1           Tablc  or 

Thkiuioiistxs  Soalks  (eontinufd] 
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Foh. 

Out.                         Fah. 
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5.S0-6 
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BtXWBB  (VAirCOVST).  A  MANTAL  OF  MIDWIFERY  FOR  HID- 
WIVES.  In  one  nent  rnyal  12ujo.  vol.,  with  nuuierous  illastra- 
«un».     Cloth,  $1  2».      (Now  Rriiily.) 

BURNETT  (CHARLES  H.)  THE  EAR:  ITS  ANATOMY.  PHYSI- 
OLOGY, AND  DISEASES.  A  Prnolicivl  Treakije  for  the  ll»e  of 
^  Studenttnnd  PractUirnem.  In  "ne  handpome  8vo  vol.  of  Alfi  pp., 
B  If  ith  87  illuatratioDa.  Cloth  $4  50  ;  lentber,  $5  SO  \  utry  bandanme 
'  half  Ru.«sia,  $«. 

BLAKDFOED  (0.  FIELDING).    INSANITY  AND  ITS  TREATMENT- 
.  With  iin  Appendix  of  the  law*  in  force  in  (he  United  State*  on  'he 

■        Conlineinrnt  of  the  IniMine,  b;  Dr.  Isaac  Ra;.    Inooe  hundaome  8ro, 
P        Tol.,  of47I  pagep.     Cloth,  f.l  25. 

CHARCOT  (J.  M.)  LECTURES  ON  THE  NERVOUS  SYSTEM.  1  toI. 
8vo.  of  28S  piiger,  with  llluntrfllionii.  Cloth,  $1  75.  (Now  rrailf.) 
CLASSEN'S  QUANTITATIVE  ANALYSIS.  Trnnjlnted  by  Edgar  F. 
Smith,  Pb-D.  In  one  hnndfiorue  12[no.  vol.  cloth.  $2.  (Jutt  iiMitrii.) 
CASTER  (R  BRUDENELL).  A  PRACTICAL  TREATISE  ON  DIS- 
EASES OF  THE  EYK.  With  adUitionf  »nd  tent-type*,  by  John 
Orepn,  M.D.  In  one  hundronie  8vo.  vol.  of  about  500  pagea,  with 
124  illnstrutioni.     Cloth,  $:<  76. 

CHAMBERS  (T.  K.)  A  MANUAL  OF  DIET  IN  HEALTH  AND 
DISEASE.  In  one  handsome  octavo  volume  of  810  pngea,  Olotb, 
$2  75. 

COOPER  (B.  B.)    LECTURES  ON  THE  PRINCIPLES  AND  PRACTICE 
OF  SUROERY.     In  one  large  8vo.  vol.  of  750  pages.     Cloth.  «2  00. 
pARPEHTER  (WM.  B.)     PRINCIPLES  OF  HUMAN  PIIYSIOLOOY- 
^      A  new  American,  from  the  Eighth  English  Edition.     In  one  large 
1  v.. I.  .Svn.,  of  1(IK3  pages.     With  373  illuftrntions.     Cloth,  %b  50; 

I         leather,   raised   bands,    $6  50  \    very  handsome   half  Russia,    $7. 
r  {Lalrty  it$ned.) 

PRIZE  ESSAY  ON  THE  USE  OF  ALCOHOLIC  LIQUORS  IN 

HEALTH  AND  DISEASE.     New  Edition,  with  a  Preface  by  D.  P. 
Condie,  M.D.     I  vol.  12ino.  of  178  pages.    Cloth,  SO  oenta. 

CLELAND  (JOHN)      A    DIRECTORY    FOR  THE   DISSECTION  OF 
THE  HU.MAN  BODY.     In  one  small  royalUmo.  vol.    Cloth, $1J5. 
CENTDRY  OF  AMERICAN  MEDICINE.— A  History  or  Mbdicirk  ih 
AuKiil>  A,  I77fi-Iti7('>.     In  one  royal  I2imu  vol.  of  366  pages.     Cloth 
J2  25. 

CHURCHILL  (FLEETWOOD).  ON  THE  THEORY  AND  PRACTICE 
OF  MIDWIFERY.  With  nolesiind  additions  by  D.  Francis  Cundie, 
M.D.  With  about  200  illustrations.  In  one  handsome  8vo.  vol.  uf 
nearly  700  pages.     Cloth,  $4  ;  leather,  $5. 

ESSAYS  ON  THE  PUERPERAL  FEVER,  AND  OTHER  DIS" 


In  one  neat  octavo  vol.  o' 


EASES    PECULIAR  TO   WOMEN. 
uboul  4511  pages.     Cloth,  $2  50. 

CHADWICK  (James  R.)  a  manual  of  the  DISEASES  PECU- 
LIAR TO  WOMEN.  In  one  neat  royal  ]2mo.  vol.  With  illustra- 
tions. {Prfpiiniig.) 
CORNIL  (V),  &I40  KANVIER  (L).  MANUAL  OF  PATHOLOGICAL 
HISTOLOGY.  Translated,  with  Notes  and  Additions,  by  E.  0. 
Shakespeare  and  Henry  C.  Simes,  M  I>.  In  one  vol.  Svo  of  784  pp., 
with  3)tU  illus.  Cloth,  $5  SO  ;  leather,  $0  SO;  very  handsome  half 
Russia,  $7.      (Just  rttiily-i 

C INDIE  (D.  FRANCIS).  A  PRACTICAL  TREATISE  ON  THE  DIS- 
EASES OF  CHILDREN,  Sixth  edition,  revised  and  enlarged.  In 
one  large  8vo.  vol.  of  800  pages.     Cloth,  $5  26  ;  leather,  St  25. 
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CLOWES  (FE^NK)      AN    EI.EMBNTARY  i.*- 

TtCAL  CUKMI8TRY  AND  QUALITAT  :  ». 

LYSIS.   From  the  Reeond  Ene.  Ed.   to  or.  9 

O^ILLERIEB  (A.)  AN  ATLAS  OF  VENEKI  , >. 
Iat«d  and  edited  br  KnHKMAN  J.  DcMSTicAn.  M  I>.  A  itl 
qtinrto  volunii*.  with  2A  pt<it«!i  cont«ininf;  itbout  IftO  *.  .tK 
fully  colored,  ninny  of  tfaeiu  Che  sise  of  lif*.  In  ooe  >'>!.,  fironicly 
bound  in  cloth.  $17. 
Same  work,  in  five  pnrl*.  paper  coreri,  for  nmitioi'    *:^  !..•(•  n^ri, 

CrCLOPEDIA  OF  PRACTICAL  MEDICIITE      B  «. 

Tweedie.  nnd  Conolly.     In  four  I:»rpi!  ?tipi'r.r<»_s-i  .  •f 

A'lfii  double-columned  pnge?,  leallier.  rtil^ed  bi\nj«,  $1*.    Clnik,  |lt> 
pHRISTISON  &  OBIFFITH'8  DISPENBATOBT.     t  m?    oTnth.  |L 

OVMPBELL'8  LIVES  OF  LORDS  KENYnN.  ELL!  ill,  AXt 

TENTEUPKN.     Being  the  third  vohime  ..f  ■•  '        .  Ll>«<f 

the  Chief  Justice*  of  Kn^lnnd."    In  nneorown  nrlAvu  toI.    ri>)ik,|}. 

D\LTON(J.C.)     ATHKATISEON  Hl'.MAN  I'HYSIOLOtjr      «itl» 
edition,  thoroughly  reviced,  tind  grafttlj  enlarged  AoU  :  *iib 

•^ir<    illu^trAtiouB.       In    one   very  hiindfom*    8vo.    «  f.|^ 

Cloth,  $,i  Ml;   Icniher,  $«  511;  very  hnnd.ouie  h  ."  '• 

DTJHCAN  (J   MATTHEWS)      CLtNIC.\L  LECTl   :  rg- 

EASES  OF  WOMEN.     Delivered  in  St.  Bertli .  i...,..ni 

In  one  neat  8ro.  eoluise.     Cloth,  (I  5(1       {Jhh  rMjg  ) 
■HAVIS  (F.  H.)     LECTURES  ON    CLINICAL    MEDICINE      »tmi 
^    edition,  revifird  rind  eulurged.     In  one  ISuid.  vol.       Cloth.  $1  1i. 

TjIN  QUIXOTE  DE  LA  HANCHA.  Illn.trnled  «dilT..n      To  twokmi- 
^     Home  vole,  crown  8vo.     Cloth.  $2  50  ;  h«lf  min 
n'EWEES  (W.  P  )     A  TREAT1.'?K0N  THE  \)\fiF.,\  UAUtS. 

With  ill UHtraliontf .     In  one  8vo.  vol.  of  5KA  pngeji.     Ulolh,  $5. 

DEUITT  (ROBERT)  THE  PRINCIPLES  AND  PUACTICB  OF  MO- 
DERN SlIROEKY.  A  revised  Ani.  (he  elxblh  Londx 
edition.  Illustrnted  nrilh  4.'<2  wno'l  In  uDt  8i«.  1*1 
of  nearly  700  p:i|?e».  Clolh,|;l;  Um:..  ..i-. 
■nTNOLISOIT  (ROBLET)  .MEI>ICAL  LEXICON;  n  ■  ef 
^  Medical  Science.  Contnininf^  a  co«oi»f  >'Xi.ltii.;tlt..;.  ^  >^t 
subjects  and  tertnii  of  Anolomy,  T'  m^. 
Therapeutiofi,  Pharmacology,  Ph»nT>  <  •*! 
JurUprudence,  and  Denti  '"  .r»l 
Wttterf,  Formuln"  for  OtV                                                                         i», 

with  the  accentuation  anu  ..-_. ,. ,     .  '.r.k 

■nd  other  Synonymes.     In  one  very  larx''  'H- 

lion.     Cloth,  t*  511,  teatber,  97  60;  very  h  ..  i». 

D^  LA  BECHE'8  OEni.nniCAL  ODSERVEK.     In  od>  !»««  Htw.  f«L 
of  7110  piigea,  with  .SOU illualration«,     Cloth,  ti 
DANA  (JAMES  D)    TIIESTRUCTITRE  AM  OF 

ZOOPHYTES.    Withilluatonwood.  Inon.  (4. 

ELLIS    (OEOBOE   VIHER).     DK^  if. 

llcinK  a  <iai  le  to  the  Knuwied  a 

From  the  eighth  and  revlced    '  ■  .,ui<,  ,i,,-'i    „>  ^41 

•ngravinKir  on  Wood       Inonerc-  iv\.  at  irfmt  7lit  fp. 
Ololh.  14  35;   leather,  |5  15 

EMMET   (THOMAS  ADDIS)      TUG  i'l:                                                    '| 

OK  |JVN*:C0LII()Y,  r..rlben»»  ..f  S'  .». 

ond  edition,  ei.i  .    ?il    uf  h7X 
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EaiCHSEN  (JOHN  S.)  THE  SCIENCE  AND  ART  OF  SURGERT. 
A  new  and  improved  American,  from  ihe  Seventh  enlarged  and 
revised  London  edition.  Revised  by  (be  Author.  Illustr&ted  with 
H63  engravings  on  wood.  In  two  Inrge  8vo.  vols.  Cloth,  $8  50; 
leather,  raised  bands,  f  10  60  ;  very  handsome  half  Rauia,  til  iO. 
(JhH  iuneJ.) 

F08TEB   (MICHAEL).      TEXTBOOK   OF   PHYSIOLOGY.      A   new 
Aiuericnn,  from  the  U?t  English  edition.     Edited,  with  nates  and 
I        additions,  by  Edward  T.  Reiohart,  M.D.     In  one  handsome  12mo. 
■         vol    of  1030  pp.,  with  3S«  illus.    Cloth,  $1  SO;  leather,  $2  00.    (JuU 
ready.) 

—  THE  SAME.  English  Stndfnt's  Edition,  without  notes  or  ad- 
ditions. Latest  edition.  In  one  smat]  I2mo.  vol.  of  804  page', 
with  72  illustrations.     Cloth,  75  cents. 

rlNLAYBON  (JAMF8)  CLINICAL  MANUAL  FOR  THE  STUDY 
OF  MEDICAL  CARES.  In  one  handsome  8to.  vol.  with  numerous 
illuhlrations.     Cloth,  $2  fi3.     (.Jntl  rrnily.) 

FJTHEROILL'S  PRACTITIONER'S  HANDBOOK  OF  TREATMENT. 
Second  edition,  revised  and  enlarged.  In  one  very  neat  octavo 
Tolaine  of  about  R.^0  pp.  Cloth,  $4  00  ;  very  handsome  half  Ru.'sli, 
(.'>  5tl.      (Jiisf  rraJy  ) 

ON  THE  ANTAGONISM  OF  THERAPEUTIC  AGENTS.  In 

one  neiit   l2liio.  vol.  of  about  200  pages.     Cl<itb,  SH .      tJust  inttif.l  ) 

PAKQUHAKSON     (ROBERT).       A      (JUIDE    TO    THERAPEUTICS. 
_  Secood  American  edition,  revised  by  the  nuthor.     Edited,  with  ad- 

p        dilioos,  embracing  the  U   6.  Pbarmaoopceia,  by  Frank  Woodbury, 
M.D.   In  one  iteat  royal  I2mo.  volume.  Cloth,  $2  25.    (NoirReaHy.) 

FENWICK  (SAMUEL).  THE  STUDENTS'  GUIDE  TO  MEDICAL 
IiIAUNOSIS.  Prom  the  Third  Revised  and  Enlarged  London  Edi- 
tion. In  one  vol.  royiil  12mri.  Cloth,  $2  25. 
?3X  (TILBUEY).  EPITOME  OF  SKIN  DISEASES,  with  Formula) 
for  Studentsand  Practitioners.  Second  Am.  Edition,  revised  by  the 
author.     In  one  small  12mo.  vol.     Cloth,  $1.38.     {Now  reaily.) 

FLINT  (AUSTIN).  A  TREATISE  ON  THE  PRINCIPLES  AND 
PRACTICE  OF  MEDICINE.  Fifth  edition,  thoroughly  revised 
and  much  improved.  In  one  targe  8vo.  volume  of  about  1100  pages. 
(/«  prin.) 

—  CLINICAL  MEDICINE.  A  SYSTEMATIC  TREATISE  ON 
THE  DIAGNOSIS  AND  TREATMENT  OF  DISEASE.  Designed 
for  Students  aitd  Practitioners  of  Medicine.  In  one  handsome  8vo. 
Tol.  of  about  900  pages.  Clot|),t4  50;  leather,  $5  50;  rery  baodaome 
half  Russia,  $A  00      {Jiisl  ready.) 

A  MANUAL  OF  PERCUSSION  AND  AUSCULTATION:  of  the 

Physical  Diagnosis  of  Diseases  of  the  Lungs  and  Heart,  irod  of  The- 
I^H  racic   Aneurism.     Second  edition,  revised  and  enlarged.     In   one 

^H  handsome  royal  12mo.  volume.     Cloth,  $1   1^3. 

^B —^  MEDICAL  ESSAYS  In  one  neat  12mo.  volume.  Cloth,  $138. 
^■j.^^  a  PRACTICAL  TREATISE  ON  THE  PHYSICAL  KXPLORA- 
■^  TION  OF  THE  CHEST,  AND  THE  DIAGNOSIS  OF  DISEASES 
^  AFFECTING  THE  RESPIRATORY  ORGANS.     Second  and  revised 

edition.     One  8vo.  vol.  of  5U&  pages.     Cloth,  $4  50. 
APRACTICALTREATISEONTHE  DIAGNOSIS  ANDTREAT- 

MENTOF  DISEASES  OF  TUB  HEART.    Second  edition,  enlarged. 

In  one  neat  8vo.  vol.  of  over  500  pages.  $4  00. 

ON  PHTHISIS:  ITS  MORBID  ANATOMY,  ETIOLOGY,  btc, 

in  a  series  of  Clinical  Lectures.    A  new  work.    In  one  handsome  8to. 
volume.     Cloth,  $3  50. 
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HEATH  (CHBT8T0PHEB).    PRACTICAL  ANATOMY;  A  MANU 
OF  DISSECTIONS.     With  «(ldiUon.,  by  W.  W.  K.en,  M.  P.     In 
Tolume;  with  247  illustrntinna.     Cloth,  $3  50;  lenthtr,  f:4. 

HABER8H0N  (8.  0).  ON  THE  DISEASES  OF  THE  ABDOMEN 
Ht*cond  Auierican,  from  \hf  third  En^liiih  edition.  In  nne  biiDdi*rtme 
^To  volume  of  oY«r  50U  pagu,  with  Uluntrationi.  Cluth,  $3  &0. 
(A'tiw  rfatiy.) 

IT0LME8  (TUtOTHY),     8CRGERY.  ITS  PRINCIPLES  AND  PRAC- 
'•-'■    TICB.     In  one  handaoibe  8vo.  volume  of  1000  pagas,  with  41 1  itlur- 

Irntionf.     Cloth,  $6;  leitther,  with  rnised  bandi,  $7  ;  Tcr;  hundaoma 

hulf  Kunria,  $7  60.     (Luirly  ittiicH.) 

HAMILTON  (FRANK  H.)  A  PRACTICAL  TREATISE  ON  PRA 
TIRES  AND  DISLOCATIONS.  Sixth  edition,  thoroughly  r«? 
rifled.  In  one  hnndflouie  Hto.  vol.  of  over  ^00  pages,  with  3&2  illas- 
traliuns.     {Ntarly  rrady  ) 

HOBLYN  (RICHARD  D.)  A  DICTIONARY  OF  THE  TERMS  USED 
IN  MEDICINE  AND  THE  COLLATERAL  SCIENCES.  In  one 
l2nio.  volume,  of  over  iOO  double-columned  puget.  Clulh,  $1  60; 
leather,  $2. 

HOLDtN  (LHTHER)  LANDMARKS,  MEDICAL  AND  SURGICAL. 
From  the  Srcond  Engliah  Edition.  In  one  royal  12mu.  <ol.  of  128 
pages.     Cloth,  .SH  cents.      (L«Ic/y  imk«/. ) 

HUDSON   (A.)     LECTURES  ON  THE  STUDY  OF  FEVER.     1  ▼< 
Avo.,  3l(i  pages.     Cloth,  fZfiO. 
HODGE  (HUGH  L.)     ON    DISEASES  PECl'LIAR  TO  WOMEN,  IN- 
CLt'DINfS    DISPLACEMENTS   OF    THE    UTERUS.     Second  and 
revised  edition.     In  one  Svi^.  volume.     Cloth,  $4  50. 

THE  PRINCIPLES  AND  PRACTICE  OF  OBSTETRICS.     Hln*. 

trated  with  large  lithographic  platri*  containing  151*  flguref  from 
original  photographs,  and  with  numerous  wood-cuts.  In  one  large 
quarto  vol.  of  550  donble-cbluiuned  pages.  Strongly  bound  in  cloth, 
JH. 

HOLLAND  (SIB  HENBY).  MEDICAL  NOTES  AND  REFLECTIONS. 
From  the  third  English  edition,  lo  one  8vo.  vol.  of  about  500  pages. 
Cloth,  $3  50. 

HUGHES.      SCRIPTURE    OEOQRAPnY   AND   HISTORY,   with    U 
colored  maps.    In  1  vol.  I2mo.     Cloth,  $1. 
H3RNER  (WILLIAM  E.)     SPECIAL  ANATOMY  AND  HISTOLOGY 
Kiplilh  edition,  revised  and  modified.     In  two  large  8vo.  vols,  of  over 
lOOU  pages,  containing  300  wood-cuts.     Cloth.  $0. 

HILL  (BERKELEY).     SVPHILIS  AND  LOCAL  i:0NTAGI0U8  DI 
ORDERS.     In  one  Svo.volumeof  407  pages.     Cloth,  $3  25. 
HILLIEB  (THOMAS).     HAND-BOOK  OF  SKIN  DISEASES.    Second 
Edition-     In  one  neat  royal  12mo.  volnme  of  aboat300  pp.,  with  two 
plates.     Cloth,  $2  25 

HALL  (MBS.  M.)  LIVES  OF  THE  QUEENS  OF  ENGLAND  BEFORE 
THE  NORMAN  CONQUEST.  In  one  handsome  8vo.  vol.  Cloth, 
$2  25  ;  crimson  cloth,  $2  50  ;  half  morocco.  $3. 

JONES  (C.  HANDFIELD).     CLINICAL  0USEKVATI0N8  ON  FUNC- 
TIONAL  NERVOUS  DI.S0RDERS.     Second  American  Edition.     In 
one  8vo.  vol.  of  34R  pages.     Cloth.  S3  25. 
•JTTIAPP  (F.)     TECHNOLOGY,  OR  CHEMISTRY,  APPLIED  TO  THE 
■iV    ARTS  AND  TO  MANUFACTURES,  with  American  additions,  by 
Prof.  Walter  R.  Joliniion.    In  two  8vo.  vols.,  with  5011  ill.    Cloth.  $(. 

LAURENCE  (J.  Z.)  AND  MOON  (ROBEBT  C.)  A  HANDY-BOOK 
OF  OPHTHALMIC  SURGERY.  Second  edition,  revised  by  Mr. 
Laurence.     With  numerous  illus.     InanaSro.rol.     Cloth,  (Itb. 
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munirklion.     In  on*   ba«4t«a« 


OF  bacer; 

In  utte  ban  ! 


IX  TUB  CHRISTIAN  CHURCH 
of  il»2  fgn.     Cinth,  $X  T5. 
A  BOCHE  (R.)     YELLOW  FEVER 

PNElISmSIA.    Ib  on»  8«o.  vol.  of  J0«  p«gt«. 


•XT 


la  (wo  8to.  toU.  ofsMrf;  MH 

Clrtlb,  t 


TEISHXAN  (WULIAM) 
■^     ing    Ibr    Difeiuei  of  Prf 

Anierifun,  frum  the  Tii 

J.  S.  Harry,  M.D.     Jn  on*  rirtjr  tiaoU>uui<  grn.  toI 

pnget  *n<l  orer  300  illurtrntioni.     Cloth,  f^  SO  .    i 

Trrj  bancI<oin«  bilf  RaBiiM,  $(!.     (/xjl  rro^y  ) 

LEHMANW  (C,  G.)     PHYSIOLOOICAL  CUEMISTRT,    TrtuUud  to 
George  F.  Day,  M.D.     With  plate 
In  two  lArg*  Hvo.  roI«.,  cooiaining  ' 

A    MANUAL   OF   CHEMICAL    i  ::  .         ..     g„  ,,_ 

hnnilMime  Hro.  lul.  of  33<  pag«>'     Cloth,  $3  lb. 

LAW80H  (GKOKOE).  INJURIES  OP  THE  EYE.  OKBIT.  ANDBTI* 
LIDS,  with  about  100  illattmtioDi.  Fmin  th»  lacl  Boglbh  HlltM; 
Id  ona  banilsotne  8ro.  rol.     Cloth,  t-^  Ml 


■  miUa*- 


LDDLOW   (J.  L.)     A   MAM 
TOMY,  I'IIV.?IOI.()OY. 
OHt^TETRICS,  .MATEKin  .... 
AND  TUEKAPEUTICS,     To 
Third  edition.     In  one  roynl  1 . 
t3  25 1  leather,  $3  75.  .     ^  - 

LTHCH  (W.  F.)     A  NARRATIVE  OF  TITR  PNITEI>  STSTr< 
PEliITION  TO  THK  Dl:  \ 
large  octaroTol.,  with  "^ 
8aine  Work,  condentci -ji,.  ...i    i...ii  ,.ini..     i...,,in 

LYONS  (SOBBBT  D.)    A  TREATISE  ON  FBVSIL     In  um 
vol.  or.1CSpagei.     Cloth,  $2  35. 

MEIGS  {CHA8.  D.).  ON  THE  NATURE,  SIGNS.  ANDTRBATtrEilT 
OF  CHILDBED  FEVER.  In  nncSeo.  ml  orS«5|iafiM  >  <,.ik  f}. 
MILLER  (JAMES).    PRINCIPLKSOFSURHKRY.    Fou  .„, 

fri.m  thf  ib^r'l  HMinlmrch  ■^'lilion.      Fn  one  larga  Ht  14 

pn- 

irih  Anioriaut,  tntm  (to 

la'i  ,.,,.,.,.,, L... .■ .!..>,.-  ^..>.  fill,  of  ;oi 

MA  \llu!trationt.     Cloth,  fl  7&. 
lurONTGOMERY  (W   F  I      AV   EXPOSITION  OF  THT 
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[OLLEE  (J.)  PRINCIPLES  OF  PHYSICS  AND  METEOROLOGY. 
In  one  Urge  8?0.  vol.  with  550  wooil-culs,  and  two  colored  piktu. 
Cloth.  $4  50, 

MACFARLAND'S  TURKEY  AND  ITS  DESTINY.  In  2  to1».  royal 
I2inn.  Cloth,  $2. 
MAK8H  (UBS.)  A  HISTORY  OF  THE  PROTESTANT  REFORMA- 
TION IN  FRANCE.  In  2  vols,  royal  I2uio.  Cloth,  $2. 
EILL  (JOHN)  'AND  SMITH  (FKANCI8  G  )  COMPRNDIFM  OF 
THE  VARIOUS  BRANCHES  OF  MEDICAL  SCIENCE.  In  one 
hnndsome  12mo.  vol.  of  about  100(1  pngcs,  with  374  wood-enli. 
Cloth,  $4  ;  leather,  rai.od  bnnds,  $4  75. 

NETTLESHIP'S  MANUAL  OF  OPnTHALMIC  MEDICINE.  In 
one  royal  l2ino.  vol.  of  over  SSO  pp.,  with  89  illaitritiooa.  Cloth, 
$2.      {Jntt  ready.) 

PLAYFAIB  (W.  P.)  A  TREATISE  ON  THE  SCIENCE  AND  PRAC 
TICE  OF  MIDWIFERY.  Third  Am^ricnn  Edition,  revi.'ed  by  the 
anlhor.  Edited,  with  Additiom,  by  U.  P.  Hnrrii-,  M.I).  In  one 
hiindioine  octavo  toI.  of  about  700  pa^",  with  nearly  200  illustra- 
tion! and  two  plater.  Cloth,  $4;  leather,  $5;  very  bundsume  half 
Butiia,  }5  50.     (Nok  rea/ly.) 

PAVY  (F.  W.)  A  TREATISE  ON  THE  FUNCTION  OF  DIOE8TI0N, 
ITS  DISORDERS  AND  THEIR  TREATMENT.  From  the  iMond 
London  ed.     In  one  8vo.  vol.  of  24fi  pp.    Cloth,  $2. 

pABBIBH  (EDWABD).    A  TREATISE  ON  PHARMACY.    With  many 

■^      Forinuln?aiHl  Prescriptions.  Kourthedilion.  Enlarped  and  thort'Oghly 

revised  by  Thomas  S.  Wiegand.     In  one  handsome  8vo.  vol.  of  tt77 

pages,  wiih  2K0illm.    Cloth,  $6  50  ;  leather,  f  6  50  ;  very  handsome 

naif  Russia,  $7. 

piBBIE  (WILIIAH)      THE  PRINCIPLES  AND  PRACTICE  OF  SUB- 
A.      GERY.     In  one  handsome  outavo  volume  of  780  pages,  with  316 
illui>tration>.     Cloth,  S3  75. 

PULSZKY'S  MEMOIRS  OF  AN  HDNOARIAN  LADY.  In  one  neat 
rnynl  12mo.  vol.     Cloth,  $1. 

PAOET'S  HUNGARY  AND  TRANSYLVANIA.  In  two  royal  12mo, 
vols.     Cloth,  $2. 

"pEYHOLDS  (J  BUBBELL)  A  S?STBM  OF  MEDICINE,  wilh  Noleg 
■"•  and  Addiliuns.  by  Hi!!tRT  Hartshokkk,  H  D.  In  three  large  8to. 
vols.,  containing  over  3000  closely  printed  double.cotnmned  pages, 
wilh  many  illuiitrntions.  Sold  only  by  sabseriptlon.  Per  vol.,  in 
cloth,  $5;  in  leather,  $n  J  very  handsome  half  Russia,  $0  50.  (JusI 
TMtfy.) 

-DEMSEN  (lEA).     THE   PRINCIPLES   OF    CHEMISTRY.      In  one 
•"     handsome  l2mo.  vol.     Cloth,  91  6«,     (.Jutt  imitd.) 

R0BEBT8  (WILLIAM).  A  PRACTICAL  TREATISE  ON  URINABY 
AND  RENAL  DISEASES.  Third  American,  from  the  third  re- 
vised and  enlarged  London  edition.  With  namerouf  illustrations 
and  a  colored  plate.  In  one  very  handsome  8vo.  vol  of  over  AOO 
pj):es.     Cloth,  ft. 

RAMSBOTHAM   (FBANCI8   H  )     THE   PRINCIPLES  AND    PRAC- 
TICE OF  OBSTETRIC  MEDICINE  AND  SUHOERY.     In  one  im 
perial  8vo.  vol.  of  650  pages,  with  64  plates,  besides  numerous  wood- 
cuts in  the  text.     Strongly  bound  in  leather,  $•■ 
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SEILEB  rCABU      HANDBOOK  OF  PUSNOSIA  AND  T&IATHSSI  i 
OF  DIPKASES  OF  THE  THKOAT  AND  NASAL  CAVITIES.     " 
one  small  12mo.  Till,  with  illnatrntionf.    Cloth,  tl      ly^rf  f(mijf.\i 

SCHA7EH(EDWABDALBER1).     A  1118^ 

TOLOGY:   A  M.iinnl  of  tin  Miir  U 

uuehan'isome  octavo  Vfil.  W  ithinnii.>  inM.-i.    t,  p.^,,.;^ 

SMITH  (HENET  H.)  ABD  HORKEH  (WILLIAM  B^     AN  • 
ATLA8.  Illudlriitirtoflheslrnftnreoflli.  '■ 
lm|ieri«I  8to.  vol.,  with  aluiut  (160  lieoui 

STIMSON  (LEWIS  A.)     A    M ANUAL  OF  'UKKAT 
In  on«  very  hnnJr(iui«  roynl   I2mi)   rulumc  of  4^  '.  JJI  ' 

illustration!!.     Cloth,  $2  iO.     (■/«>(  istnr.i.) 

SWAYITE  (JOSEPH  OBIFTITHS).     ODSTP.TRIC  APitORIRMR 
nrw  Americnn,  from  tb«  6nb  reviseil  Englifh  (ilillon,     Vfllb*^ 
tioDii  by  E.  R.  Uut«hln«.  M.  P.     In  on»  ursali  IZmo.  T«l.  of  ITt  | 
with  illuFtrationt.     Cloth.  $1  2}. 

STUBGES    (OCTAVITJS)      AN     ISTBODICTION    TO  Tli 
OF  CLINICAL   MEDICINE.     In  one  Ilino.  vol.      CI'  i 

SMITH  (EUSIACE).  ON  TDK  WASTING  DISEASES  OP  CUILI 
Second  American  olition,  enlarged.     Inon«8»o.  ml      ^<- 

SABGEHT  (F.W.)     ON  BANDAOINO  AND  OTIIEl 
OF  MINOR  POROERY.     New  edition,  with  an  •.li... 

on  Military  Surgery.     In  one  handFonie  ruyal  ITmo.  vnl,  of  o*arl| 
4(10  piigea,'nith  184  woodcuta.     Clotb.  (I  76. 

SMITH  (J.  LEWI8K  A  TREATISE  ON  TUB  DISEASES  OP  IJfJ 
FANCY  AND  CniLDllOOD.  Fonrlh  Edlli..n,  r.vi.»<l  »od«olar».<lJ 
In  one  large  Svo.  Tolume  of  76H  |)ngeR,  with  illantmlioBt.  Ctnt^J 
$4  60;    leather,   (6  60;    *«r;  haodtom*   half   ftuxta,    14      (A'« 

SHARPEY    (WILLIAMI    AHD    OTTAnr   fJOWES   AlTD  BICHAWJi. 

Ilt'MAN   ANATOMY.     Willi  .-i^j, 

M   I),  Prof,  of  Anoloiny  in  I  »w« 

lurgeSvo.volii  of  about  1300  j,..^ '.I»- 

OHHITZ  AND  ZUMPTS  CLASSICAL  BEKIE8.     I' 

CORNELII  NEl'OTIS  LIRBR   DE   F,\'-'-<  '  '^"-"  '  '  Bt 

E.\Ti:RARr.M  DENTll'M,  Cl'M   VM  .  IC 

With  notes,  Ao.     Price  in  cloth.  00  cent  ■ 

0.  C.  SALLUSTII  DE  BELLO  CATILINARIO  F.T 
With  note«,  map,  Ac.     Price  in  clotb,  00  ceata,  hall 

Q.  CITRTII  RITFII  DE  OE.STI?  ALEXANDRt  UAONI  UDHt  Vin,| 
With  Dotei,  map,  Ae.     Price  in  clotb,  80  coulat  hftlfbuynil,  VOeea 

P.  VlROILn  MAR0NI8  CARMmA  OMNIA.    Pllee  la  elMk.  I 

r-""      *""  bound,  $). 

Ai  LATIN    KXEKCISES.     WITH     SKI- 

K Rcvilted.       t'lotli     i.i  i.-v   f.lj  r,-rit«      h,ill 

KEY  (FKEDEBIC  C.)    ' 

of  over  fliiO  jingm,  wtlh    • 

SLADEiD.  D.l     DIPHTIIKIUAi   IT  !«Tj 

8i*cf*nil  ftltltiin.       Ill  ittir  rtfiil  rnvii' 
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SMITH  (EDWABD).  CONSUMPTION ;  ITS  EARLY  AND  REHK- 
DIABLE  STAGES.     In  one  8to.  vol.  of  254  pp.     Clotb,  $2  JS. 

STILLE  (ALFRED).  THERAPEUTICS  AND  MATERIA  MEDICA. 
Fourth  edUion,  revitrd  und  enlarged.  In  two  large  and  hundsoiue 
volnme<8vo.  Clotb,  $10;  leather,  $12;  Teryb-andaoine  boir  Rufiria, 
$13.      [Jiitt  iisuetl.) 

STILLE  (ALFRED)  AND  MAIBCH  (JOHN  M)  THE  NATIONAL 
DISPENSATORY:  EoibrjioiDg  the  Chemiitr;,  Botany,  Materia 
Medics,  Pharmacy,  Pbarmaoodynamicfi,  and  Therapeutlcn  uT  the 
Pbarmacopifiai  oT  the  United  Statea  and  Ureat  Britain.  Fur  the 
U*e  of  Physiciana  and  PharmaoeutistB.  Second  edition,  revised 
and  enlarged.  In  one  bandaome  8to.  vol.,  of  1080  pagta,  with  2!iV 
ilUatrationa.  Cloth,  $8  7S  ;  leather,  $7  60;  ver;  handiome  half 
Rataia,  $8  2i.     [IVow  rtady.) 

OMALL  BOOKS  ON  GREAT  SUBJECTS.     In  3  rola.     Cloth,  $1  SO. 

SCHOEDLFR  (FREDERICK)  AND  HEDLOCK  (HENRY).  WONDERS 
OK  NATUKE.  An  f  l»-inriiliiry  inlroduclion  tn  the  .Scinjcea  of  Phyaica, 
Aj'tronomy,  Chemistry,  Mineralogy,  Geolngy,  Botiiny,  Zoology, 
and  Pbyaiology.  Translated  from  the  Qermau  by  H.  Medlock.  In 
one  neat  8ro.  vol.,  with  679  illaatrationa.  Cloth,  i'i. 
OT0KE8  (W.)     LECTURES  ON  FEVER.    Inone  8vo.  vol.    Cloth,  $2- 

STRICKLAND  (A0NE8).  LIVES  OF  THE  QUEENS  OP  HENRY 
THE  VIII.  AND  OP  IlIS  MOTHER.     In  one  crown  octavo  vol., 

extra  cloth,  t\  :  binck  cloth,  90  centa. 
MEMOIRS  OF  ELIZABETH,  SECOND  QUEEN  REONANT  OF 

ENGLAND  AND  IRELAND.     Inonecrown  uctarural.,axlraolotb, 

$1  40;  black  cloth.  $1  ^0. 
TpANNER  (THOMAS  HAWICE8).    A  MANUAL  OF  CLINICAL  MEDI- 
J-     CINE   AND    PHYSICAL   DIAGNOSIS.     Third  American  from  the 

aecoud  reviaed  English  edition.     Edited  by  Tilbury  Fox,  M.  D.     In 

one  handaome  12mo.  volume  of  3(0  pp.     Cloth,  $1  60. 
ON   THE  SIGNS  AND  DISEASES  OF  PREGNANCY.     From 

the  eeeond  Bngliab  edition.     With  fonr  colored  plalea  and  numeroue 

illuatrationa  on  wood.    In  on*  vol.  8vo.  of  about  SOO  pacM.    Clotb, 

$4  26. 

TUKE  (DANIEL  HACK).     INFLUENCE  OF  THE  MIND  UPON  THE 
BODY.     In  one  hnndaome  8vo.  vol.  or410  pp.     Cloth,  $3  25. 
TAYLOR    (ALFRED    8.)     MEDICAL    JUIIISPKUDENCE.     Seventh 
American  edition.     Edited  by  John  J.  Keese,  M.D.     In  one  large 
8vu.   volume  of  879  pngea.     Cloth,  $6;  leather,  $0.     [Juil  usiitit.) 

PRINCIPLES  AND   PRACTICE   OF   MEDICAL  JUKISPBU- 

DENCE.  From  the  Second  Engliah  Edition.  In  two  large  8vo. 
vole.     Cloth,  $10;  leather,  $12.     {JnU  htuid.) 

ON  POISONS  IN  RELATION  TO  MEDICINE  AND  MEDICAL 

JURISPRUDENCE.  Third  American  from  the  Third  London  Edi- 
tion. 1  vol.  8vo.  of  788  pagea,  with  104  illuatrationa.  Cloth,  $660, ■ 
leather,  $t  60.     {Jiiti  iniieii.) 

rpHOKAB  (T.  OAILLAHD).     A    PRACTICAL  TREATISE  ON   THE 
J-     DISEASES  OF  FEMALES.    Fifth  edition,  thoroughly  revised  and 

rewritten.     In  one  large  and  bandaome  octavo  volume  of  over  860 

pages,  with  about  270  illustrations,     (in  fmt  ) 

TODD  (ROBERT  BENTLEY).  CLINICAL  LECTURES  ON  CERTAIN 
ACUTE  DISEASES.    In  one  vol.  8vo.  of  320  pp.,  clotb,  $2  SO. 
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i.TREATMKT 

...VAKY  Fl!-Ti;L.«. 

. .  rol.  of  36y  V'P-  *''>l> 

'  '  .:£CTUKES  ON  DISEASKS 

',s  n<l  and  revUcd  etlitimi     iti 
.,■•■■■.    ■■,   Cloth,  $2  2i.     {Juttittxet 

'      '  rSEATlSE  OS  THE  IJ1SEA!'1;> 

■.•  './rKSSELS.     Third  Aiinricaii  fr.iai 

'  . '   J..iiiB.    In  one  8vo.  voi.  of  420  pagi-. 

./IBES  ON  THE   I'RIX01i'I,K.<   ASI> 

.1     A  new  Americiin  from  the  fiftti  ait-1  rEi' 

>i(h  addiliooa  by  II.  liart.-hnrne.  M  l>.     In 

;r  oetavu  Toluiuea.     Cloth,  $'J  :  Unthrr,  $11. 

,.    ;.',;.•  Of  ORGANIC   ClIEMlJJTUV.     Trai!?laif4 
'  fj.'.f;^j"a  tJition,  by  Ira  Keiiiren,  M.D.     In  oi.e  i.eat 
.«■  ••"••"iVi  ^.■■"^'  DO.     ( <<>i(t/jy  hill'' J.) 

rffltf*^'-    ■*   TREATISE   ON  Till;  MSEA.-KS  OF 

jT^'i /If.,  j,il.,SI.l>.     In  one  large  iinil  liaii.l..i,iii :i;n.    v^-l 

..^.'." ''"ujM,  with  li  colored  |ilale.'i  and  I'jii  «c)ii.l....!it<.  .li-.. 
'.',f.5"':^',.liete»t-tjpc*of  Jaeger  and  .Snellen.  (jVcuWj  /t  .-Ui. 

■■,;;*•'■•■" 

'iSf  ^ t'*'  "''■"''  Auifrii"iii  fr'ini  tlie  Third  liiiL^li-li  ••■liu  :  I:i 
ji  I''''  ",,;ame  of  iib»  pagfj.     Clutli,  j;j  7.') ;  It-aiin  r.  j  )  :.■ 

■",..-•.«><  OX  TlllC  1)IHI;AS1:soK  INFAXiV  .\N!«  fWW  !• 
■.■**i";':ii  .Anifrii'Hii  I'r.nii  ihf  .■'i.xtli  ri'\  i.-fl  I';ii;:l!-h  ■  il:.  li  i; 
'■'  .,'.,...  »ol.  of  liT"  rliii-tly  prinud  ji:!;.-!-.'.      (.I'.lh,  f  i  ..        ,     . 

■  ."*;,.,     \JllSt  liSUf! .  I 

,^\v.«E  ]>i.>uki>e:i;s  of  the  XKUvm  .-;  .-v.-ii.v   ;•. 

.-^  .  ■■  qin'l'-      Fridil    tiif    l.diiiiiill    Ldilioli.      in    "I.f    -;u.*.j     ._...    . 

''■■:;■  Cloth,  $1. 

',.',«5  (CHARLES  J.  B  and  C  T.)  IM  I.MoNAHV  c.  i.\  >r,M  :•' 
■',-."*  ITS  XATl'iU:,  V.VillETlE.'^.  .\N1>  fKiiAI  ,\I  K.N  J  .  ;: 
•■  ,'(j;,H't»vo  voiuuif.    I'li.Ui,  if:;  .■0. 

\i>-  (EBASMTJE).     A   S\.'<T1-..M  OF   lilMAX    VXAl'^.MV      A 
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Tr»*^*^j.,[  ri?\  ii't'il  AiinTi'-;iii  finm  ihi-  la.-i  Kn;;ii.-lt  rliti-'ii.     1  li 
"  '' .  .;;  eijj;r:i\  inj:-  "n  vv-ic.l.     In  ont-  li,-in<l.-"nu-  ^\"    \"!    ■■■ 
''  ■    j,.i.    i'lcilh,  .r  I  .   li-.iihiT,  *;>. 

■    ;!IK  STI'IiI:NT  S   I;i)iiK    of  i  TTANK.US    .ME1i|(.'IM: 
^"^^^ -jn.isonii!  royjiirjiu'j    v.l       l.'ioih.  >;;;  .■•<" 

— .-XiSEl  ox    I'ATiliil.D.JV   ANI>  niKAT.MEXf  "F  filll,I>i;l  I' 
^■,i  .;  AJdilion.-  liv  til.'  Auihi.r      Tni.-iiii.-i  l.\  t'i,.i.(»i  i.       !i      •.- 
...  ..j.-a^  octavo  Vcl'inii- ol  -1^  1  p;ijC»T.      C'l'-tli.^l.      ../'..*.'  l  ••■■  ;    < 

,  ^.jrRY   (FRANKl        A    II  VXHilodK   OF    THE    I'll!  Nil  !'I  I.- 
^',\.-  ?RAOTlCt:  OF  Mh.lUCiXE        In  one  P.yal   IL'n....  %..;,i:;„, 
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